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Abstract: The recent work aims to investigate different extracts of A. euchroma as a medicinal plant 

and evaluate their phytochemicals screening, chemical compositions, total phenols content, antioxidant 

and antimicrobial activities. The plant's roots were extracted with various solvents: ethanol, n-Hexane, 

and chloroform through the maceration method at ambient temperature for several days. All extracts 

were filtered and evaporated to dryness using a rotary evaporator and vacuum oven. The chemical 

compositions, spectroscopy analysis, total phenols, antioxidant and antimicrobial activities of three 

prepared extracts were evaluated by Liquid Chromatography-Mass Spectrometry (LC-MS), UV-vis, 

High-performance thin-layer chromatography (HPTLC), Folin-Ciocalteu reagent (FCR), 2,2-diphenyl- 

1-picrylhydrazyl (DPPH), and MIC and MBC methods, as well as the structure and surface 

morphologies of the bacteria after and before treatment, were imaged by Scanning Electron Microscopy 

(SEM). The phytochemical screening demonstrated that the extracts contain tannins, saponin, alkaloid, 

and anthraquinone. This result was supported via LC-MS analysis, which confirmed the existence of 

several components. The highest amount of phenols was detected in n-hexane extract, and the lowest 

was in chloroform. All extracts had good antioxidant activity, with IC50 values of 3.9 µg/ml for ethanol 

and chloroform extract and 7.8 µg/ml for n-hexane in the DPPH assay. The extracts inhibited both 

Gram-positive and Gram-negative bacteria's growth at a 300-700 µg/ml MIC. LC-MS analysis showed 

the presence of phenolic compounds, which had high antioxidant activity. It could be used as a potent 

antioxidant and antibacterial agent with remarkable prospects in pharmaceutical and nanoformulation.  
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1. Introduction 

Arnebia Euchroma (Royle) I.M. Johnst (A. euchroma) belongs to the family of 

Boraginaceae, which has been distributed in Asia and the drier regions of Northern Africa [1, 

2]. Boraginaceae is described in about 100 genera and 2000 tropical and temperate regions [3, 

4]. There are several species of Arnebia, but from these species, A. euchroma possesses the 
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most amount of shikonin and its derivatives. The root of A. euchroma contains a dark purplish-

red/purplish-brown color that looks arid and contracted. Many species A. euchroma have been 

investigated concerning their bioactive chemical compounds due to common medicinal and 

other relevant applications like pharmaceuticals. Research findings confirm that the A. 

euchroma species have antifungal [5], antibacterial [6, 7], antioxidant [8], anti-inflammatory 

[1], wound healing [9], and anticancer activities [10], which are related to the naphthoquinone 

compound. These notable biological activities are the chiral pairs of shikonin and alkannin, 

which are useful pharmaceutical substances [11]. 

Herbal medicine has recently obtained considerable popularity due to fewer side effects 

and simple accessibility than synthetic drugs. From a medicinal standpoint, A. euchroma is one 

of the most extensively investigated due to shikonin and alkaline and their derivatives. 

Naphthoquinones are principally utilized as coloring pigments in cosmetics and healthcare in 

the food and textile industry [12, 13]. The anticancer effect of shikonin has been confirmed in 

a clinical trial via meaningfully decreased tumor growth in late-stage lung cancer patients 

without further therapeutic options [14]. Naphthoquinone compounds have been utilized in 

wound healing studies due to re-epithelisation, angiogenesis, and granulation tissue formation 

promotion effects [15, 16]. The extraction of active constituents from medicinal plants is 

mostly performed through maceration or solvent extraction. Most studies about this plant have 

been performed on phytochemical investigations [17], which were resulted in the isolation of 

naphthoquinones [18, 19], monoterpenes [20], phenols, and pyrrolizidine alkaloids [21]. 

Resistance to antibiotics is growing with harmful pathogens, which have become a fundamental 

problem in the hospital care system [22, 23]. Besides, the infections can prevent wound healing 

and also enhances the risk of scar formation. Therefore, the development of novel antimicrobial 

drugs can play a vital role in resisting drug-resistant pathogens. Herbal medicine and its 

secondary metabolites have had tremendous remedial potential for their use as medicines since 

last years. Also, research findings confirm that traditional herbs affect different pathogenic 

microorganisms [24]. Singh, L.K. et al. have demonstrated the biomedicinally potential of a 

bioactive marker which has been isolated from the n-hexane root extract of A. euchroma against 

various vancomycin-resistant Enterococcus [6]. Also, the other study has been conducted by 

Damianakos, H. et al. on antimicrobial activities of all isolated pigment compounds from A. 

euchroma. Their results confirm the antimicrobial activity of this plant [11]. Reactive Oxygen 

Species (ROS) are known as several reactive molecules and free radicals. Many studies have 

been performed on ROS in recent years. Their research findings have confirmed that these 

oxygen species can play a vital role in protein, cholesterol, and DNA which will cause the 

progression of diseases and their complications [25, 26]. Besides oxygen, free radicals are one 

of the main factors which can cause different diseases [27]. In addition, ROS will make an 

imbalance in biological systems, which are meaningfully associated with intracellular 

reduction-oxidation (redox). Hence antioxidant materials play a crucial role against ROS. 

Medicinal herbs can be effect antioxidant activities because of their secondary metabolites. 

Several types of research have been conducted on raw extracts or isolated compounds from 

herbals and results have determined that they are more likely effective compared with synthetic 

antioxidants [13, 28]. Therefore, one of the potential sources of natural antioxidants is 

medicinal herbs. 

In this research, we have focused on the possible future application of A. euchroma in 

nanotechnology and pharmaceutical-based on its antibacterial and antioxidant activity, locally 
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known as 'Havachobeh' in Iran. Therefore, our study aimed to carry out phytochemical 

screening and ascertain the total phenolic contents and antioxidant activities by DPPH, 

antibacterial activity via MIC and MBC method of the ethanol, chloroform, and n-hexane 

extracts from the roots of A. euchroma. The extracts' compositions, fingerprints of various 

secondary metabolites, and absorption peak of extracts have been analyzed via LC/MS, 

HPTLC, and UV-VIS analysis. 

2. Materials and Methods 

Dimethyl sulfoxide (DMSO) (C2H6OS, 99.5%, Sigma-Aldrich, USA), 

Diphenylpicrylhydrazyl (DPPH) (C18H12N5O6, SigmaAldrich, USA), Ethanol (EtOH) 

(C2H5OH, 96%, Merck Chemicals, Germany), Chloroform (CHCl3, Merck Chemicals, 

Germany), and n-Hexane (C6H14, Merck Chemicals, Germany), were all purchased and used 

without any additional purification. Also, A. euchroma was purchased from the Herb Material 

Market of Kerman Province, Iran, and approved by Dr. M. Vazirian, Tehran University of 

Medical Sciences. 

2.1. Preparation of extract. 

The dried and powdered roots of A. euchroma (200 g) were extracted by the maceration 

method with three different solvents: ethanol, chloroform, and n-hexane (1000 mL) that; each 

sample was stirred at room temperature for seven days. Then, it was concentrated at 40 °C 

using a rotary evaporator. The concentrated extracts were dried in a vacuum oven (Memmert, 

Schwabach, Germany) at 50 °C and a vacuum pressure of 65 mb.  Subsequently, all the extracts 

were weighed and stored at -20°C until their utilization. 

2.2. Phytochemicals screening. 

The various plant extracts were evaluated for phytochemical content's presence to find 

different groups of constituents to check whether they exist or not in the extracts using the 

following standard methods [29-31]. 

2.2.1. Detection of alkaloids. 

Each dry extract powder (10 mg) was dissolved in 10 ml of acetic acid 10 % in ethanol 

and stored 24 hours at room temperature. Then all samples were filtered and concentrated with 

the rotary evaporator at 45 ° C. Few drops of Mayer's reagent (mercuric chloride and potassium 

iodide dissolved in distilled water) were added gently to the samples appearance of white-

colored precipitate determines the presence of alkaloids. 

2.2.2. Detection of tannins. 

10 mg of each powdered dry extract were added to 10 ml of distilled water; the mixture 

is then filtered and added 3 ml NaCl 10%. A few drops of 5% ferric chloride solution are added 

to the filtrated samples one hour later. The appearance of a blue-black, green or blue-green 

precipitate ascertains the existence of tannins. 
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2.2.3. Detection of saponins. 

10 mg of powdered dry extracts were mixed with 10 ml of distilled water and then 

boiled, filtered, and stored 30 min at room temperature. The all filtrated sample was mixed 

again with 3 ml of distilled water and shaken for 5 min. The occurrence of foam after shaking 

confirms the existence of saponins. 

2.2.4. Detection of anthraquinones. 

10 mg of each powdered dry extract were weighed and mixed with 5 ml of HCL 10%. 

Then all samples were heated 80° C in a bain-marie for 15 min. The samples were filtered and 

added 1 ml ammonia 10%, and heated again. The appearance of pink, violet, or red color 

designated the anthraquinones' existence in the ammonia phase. 

2.3. UV-Vis absorbance Spectroscopy. 

UV-Vis absorbance spectroscopy was utilized to analyze the extracts, prominent peak 

(Bio Aquarius CE 7250, United Kingdom). Sample analysis was carried out at room 

temperature. Total spectrum analysis from 200 nm to 900 nm was performed as it promotes 

understanding different peaks occurring due to varied components existing in the extract and 

obtaining the 'ʎ max' wavelength. 

2.4. Liquid Chromatography-Mass Spectrometry (LC-MS) Analysis. 

LC-MS studies of the different extracts of A. euchroma were performed applying a 

Shimadzu LCMS 2010 ASystem consisting of a degasser, binary pump, autosampler, and 

column heater. The column outlet was coupled to a Thermo fleet (LCQ-Fleet) Ion Trap mass 

spectrometer equipped with an ESI ion source. Data acquisition and mass spectrometric 

assessments were performed in a personal computer with Data Analysis software (Shimadzu 

LC-MS 2010 A). To chromatographic separation, a Phenomenex luna 5-µm C8 column (4.6 × 

250 mm) was employed. The column was kept at 95% Solvent A (Acetonitrile 0.1% Formic 

Acid) and 5% Solvent B (H_2 O 0.1% Formic Acid) for 1 min, followed by an 11 min step 

gradient from 5% B to 100% B, next it was held for 4 min with 100% B. Ultimately, elution 

was performed with a linear gradient from 100% B to 5% B for 2 min. The flow rate was set 

at 0.25 ml/min and also the injection volume 5 µl. The following parameters were applied 

during the MS test: to electrospray ionization with positive ion polarity, the capillary voltage 

was set to 30 V, the capillary temperature to 280°C, the nebulizer pressure to 40 psi, and the 

drying gas flow rate to 1.2 L/ min. 

2.5. High-performance thin-layer chromatography (HPTLC) studies. 

The extract compounds were assessed through an HPTLC system (CAMAG, Muttenz, 

Switzerland) with TLC visualizer linked to vision CATS software. A plant crude extract was 

dissolved in DMSO (dimethyl sulphoxide) 10 mg/ml. The filtered solutions were applied to 

silica gel 60F 254 on HPTLC Plate 5×10 cm, and the conditions were syringe delivery speed 

of 10 s/µl; injection volumes of 2 µl for plant extract. The HPTLC plate was developed in a 

horizontal chamber after saturation in toluene: ethyl acetate mobile phase (85:15 v/v) for 5 min 

at room temperature. The length of the chromatograms was 75 mm from the applied spots. The 

developed plate was allowed to dry for 1 min before derivatizing with Derivatisation reagent: 
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anisaldehyde-sulfuric acid and methanol-sulfuric acid (2%). The plate before and after 

derivatization was observed under a UV lamp at 254 and 365 nm. 

2.6. Measurement of total phenolic content.  

To determine the total phenolic content of extracts was used the Folin–Ciocalteu 

method [32, 33]. The concentration of extract samples was prepared 1 mg/ml in methanol, and 

also the 10% Folin-Ciocalteu's reagent (FCR) and 7.5% (w/v) sodium carbonate (NaHCO3) 

were prepared with deionized water. Based on this method, 500 µl of extract solution was 

carried in a tube and then added 2.5 ml of FCR reagent and 2.5 ml NaHCO3 solution, and it 

was blended well and left in a dark place for 2 hours. Likewise, the blank sample was provided 

without the addition of extract samples. UV spectrophotometer absorbance was measured at 

765. The total phenolic content was estimated (μg/ml) from the calibration curve of gallic acid. 

The phenols' content in extracts was presented in terms of gallic acid equivalent (μg of GA/mg 

of dried extract). The following equation was applied for the computation of the total amount 

of phenols: 

Total phenol= absorption(y)/ 0.00147 

2.7. Determination of antioxidant capacity. 

2.7.1. DPPH assay.  

The antioxidant activity of A. euchroma extracts was measured by using the 1,1 

diphenyl-2-picryl hydrazyl (DPPH) method with some modifications [34, 35]. This property 

of the radical is utilized to display the antioxidant activity of the extract. Briefly, in each micro-

tube, 1 ml DPPH 0.1 mM solution in methanol was mixed with 1 ml various concentration of 

extracts solutions (250 µg/ml - 0.5 µg/ml) diluted in methanol. These mixtures were shaken 

gently and incubated at a dark place for 30 min at room temperature. The absorbance was 

measured at 516 nm against the blank sample. The scavenging activity of the extracts was 

estimated as the inhibition percentage by applying the following equation: 

%DPPH scavenging effect: ((A0-As)/A0) *100 

where A0 is the absorbance of the control solution and As is the absorbance of the sample. 

High inhibition percentage displays the vigorous antioxidant activity of the samples. 

2.7.2. Total Antioxidant Capacity (TAC) assay. 

The total antioxidant capacity of various extracts was measured using a ferric reducing/ 

antioxidant power (FRAP) assay through Naxifer™ Total Antioxidant Capacity (TAC) Assay 

Kit (Navand Salamat, Iran). FRAP assay assesses the change in absorbance at 593 nm due to 

the constitution of a blue-colored FeII-tripyridyltriazine compound from colorless oxidized 

FeIII form via the action of electron-donating antioxidants [36]. The standard curve was 

prepared using different concentrations of the standard solution (0-1 mmol/L). All solutions 

and reagents were used on the day of preparation. In the FRAP assay, the antioxidant yield of 

various extracts under the test was measured regarding the response signal given through a Fe2+ 

reagent in the known concentration kit, indicating a one-electron exchange reaction. The results 

of the experiment were adjusted for dilution and expressed in mmol Fe2+/L. All extract was 

weighed and dissolved in methanol (10 mg/ml) then incubated at 37 ℃ for 30 minutes. Based 
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on the TAC kit protocol, 5 µl of extract solution was carried in a 96 well plate and then added 

250 µl of TAC kit reagent, and it was pipetted well and left in a dark place for 10 minutes. The 

absorbance was measured at 593 nm by plate reader. The total antioxidant capacity was 

estimated (mmol Fe2+/L) from the calibration curve of the standard solution. All extracts to be 

analyzed were diluted enough to fit within the linearity range. All samples were carried out in 

triplicate. 

2.8. Antibacterial activity. 

The extracts' antibacterial activity was estimated via minimum inhibitory concentration 

(MIC), and minimum bactericidal concentration (MBC) of different extracts were specified by 

the microtiter broth-dilution method against two Gram-positive Staphylococcus aureus and 

Staphylococcus epidermidis and two Gram-negative E. coli and Pseudomonas aeruginosa 

bacterial strains. This test was done under defined test conditions through inoculating 100 µl 

0.5 McFarland turbidity of each bacteria (nearly 2×108 CFU ml−1) to Mueller-Hinton Broth, 

and the bacterial suspension was swabbed via the sterile swab. MIC was obtained through 

inoculating the bacteria into a series of wells with two-fold dilutions of the different extracts in 

concentrations ranging from 1000–1 μg). After incubation time, the lowest concentration of 

the antimicrobial agent, which visually prevents the microorganism's growth, was reported as 

MIC. After the extract's MIC designation, aliquots of 100 μl from samples that measured no 

visible bacterial growth were seeded in Muller- Hinton agar plate. Any inhibited but not killed 

in the MIC test now have a chance to grow because the extracts have been diluted notably. 

After 18-24 hour incubation, the lowest concentration of antimicrobial agent that has reduced 

the number of colonies by 99.9% is determined as MBC. All designations were done in 

triplicate. 

2.9. Scanning Electron Microscopy (SEM) imaging of bacteria. 

The structure and surface morphologies of the bacteria were imaged by SEM (Philips 

XL 30, Netherlands) after gold coating at a voltage of 25KV was applied to assess the bacteria's 

appropriate morphology. Before processing for SEM imaging, all specimens must be fixed. 

Fixation conditions can differ according to the target bacteria and type of sample. Moreover, 

optimal fixation results in good quality SEM images and the maintenance of integrity and 

morphological detail. To fixation, transfer enough bacteria culture to a 1.5 mL microcentrifuge 

tube and then centrifuge at 4000 rpm for 15 min. After centrifuging for 15 min to settle, the 

bacterial pellet is created at the bottom of the tube. Then remove supernatant and add 4% (v/v) 

formaldehyde or paraformaldehyde directly to the pellet and allow to incubate for 30 min. 

Paraformaldehyde is commonly proper for bacteria fixation. After finishing incubation time 

with paraformaldehyde, remove the fixative solvent gently and wash the fixed pellet three times 

with 1 mL of phosphate buffer pH 7.0 at room temperature. Dehydrate all samples while 

maintaining continuous immersion by using a different graded ethanol concentration 30%, 

50%, 70%, 90%, and two times 100% for 5-10 min in a volume of 1 ml. For each step, remove 

ethanol and add the next series. Be careful not to remove the pellet. Maintain the pellet in the 

1.5 mL microcentrifuge tube with just sufficient 100% ethanol to cover the bacteria sample 

before drying. 
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3. Results and Discussion 

3.1. Extraction yield. 

The extraction yields of A. euchroma are determined in Table 1. After ethanolic, 

chloroform, and n-hexane extractions, ethanolic extract provided a higher yield of 11.5% than 

the others. The lower variation in the yields of extractions can be ascribed to the various 

extractable component availability due to different chemical compositions of solvent. There 

are no adequate studies in the literature about yields of A. euchroma in other extraction 

methods. The extraction yield was calculated by applying the equation of the extract's weight 

into the dry plant's weight. 

Table 1. The weight of each residue obtained after extraction by the different solvent. 

Extract Weight 

(gram) 

Yield 

(%) 

Ethanol  23 11.5 

Chloroform 4.7 9.4 

n-Hexane 1.7 3.4 

3.2. Phytochemical screening. 

The phytochemical analysis of prepared three extracts was assessed based on a well-

established method reported by literature [30, 37]. The results of phytochemical analysis have 

been presented in Table 2. According to the phytochemical analysis of three extracts in Table 

2, the results demonstrate that the ethanol extract contains alkaloids, tannins, and 

anthraquinones. The chloroform extract has the only tannin, and the hexane extract possesses 

alkaloids, tannins, and saponins. 

Table 2. Phytochemical analysis of various crude extracts of A. euchroma. 

Phytochemical Ethanol n-

Hexane 

Chloroform 

Alkaloid + + - 

Saponins - + - 

Tannins + + + 

Anthraquinone + - - 

3.3. UV-Vis absorbance Spectroscopy. 

The UV-Vis spectrum of A. euchroma extract (Figure 1) in three different solvents 

demonstrates absorption peaks at λmax 543.5 and 575.5 for ethanol, 495, 526.5, and 575 for 

chloroform, and 490.5, 524.5, 545.5 and 563.5 nm for n-hexane. 

 
Figure 1. The UV-Vis spectrum of A. euchroma extract (a) ethanol extract; (b) chloroform extract; (c) n-hexane 

extract. 
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3.4. Liquid Chromatography-Mass Spectrometry (LC-MS) studies. 

LC-MS analysis of three different extracts of A. euchroma has detected several peaks 

with the retention time 24.310 and 26.410 for ethanol extract,  1.610, 1.910, 2.027, 20.693, 

24.243, 24.718, 25.860, 25.893, 27.760, 27.777, 27.827, 28.493 and 29.543 for n-hexane. No 

peak was detected in the chloroform extract. Each peak shows candidates' mass (m/z) (Figure 

2 and Tables 3-4). The LC-MS spectrums were interpreted using a spectrum database for 

organic compounds in SDBS web National Institute of Advanced Industrial Science and 

Technology (AIST) [38]. The spectrum interpretation results on three different extracts of A. 

euchroma confirm substances with the various retention times mentioned in Table 3-4. These 

results were confirmed by the chromatogram pattern as fig.2 mentioned. The LC/MS analysis 

enabled us to identify 14 compounds in n-Hexane extracts of A. euchroma and 2 compounds 

in Ethanol extracts of A. euchroma separately which was mentioned in (Table3-4), including 

n-Hexan extracts compounds: strontium chloranilate, p-chlorobenzoyl isothiocyanate, N,N'-

(tetramethylenebis(oxy-p-phenylenetrimethylene))diacetamide, 2-chloroanthraquinone, 

triethylstannyl acrylate, 4,4'-diiodo-3,3'-dimethylbiphenyl, 2,4,6-triphenylpyrylium 1-

naphthalenesulfonate, 7-chloro-1-methyl-5-phenyl-2,3-dihydro-1H-1,4-benzodiazepine, 3-

oxo-5beta-cholestan-2-yl propionate, (2S,4R)-N-((1S)-2-(benzyl(methyl)amino)-1-(2-

naphthylmethyl)-2-oxoethyl)-4-hydroxy-1-((1-methyl-1H-indol-3-yl)carbonyl)-2-

pyrrolidinecarboxamide, benzyltripropylammonium chloride, 3,3-bis(ethylthio)-2beta-

hydroxy-5beta-cholan-24-oic acid, bis((isobutylthio)acetato)copper(II), 2,3,4,5-

tetraphenylpyrrole and Ethanol extracts compounds: triethylstannyl acrylate and trans-

triphenyl(1-propenyl)phosphonium chloride. The LC/MS analysis of A. euchroma extract 

reflects the identical phenolic profile of n-Hexane extracts. The concentrations of these 

phenolic compounds in n-Hexane extract were higher than those in other extracts, as proved in 

the total phenolic content assay. Phenolic compounds related to health benefits expand shelf 

life by avoiding oxidative deterioration of food and maintaining food colors, flavors, and 

nutritional values. Therefore these natural sources of medicinal compounds are beneficial in 

the pharmaceutical and also in food industries. 

 
Figure 2. Mass chromatogram of A. euchroma extracts; (a) Ethanol extract chromatogram which was detected 

two-component; (b) n-Hexane extract chromatogram, which was seen fourteen components. 
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Table 3. LC-MS profile of n-Hexane extracts of A. euchroma. 

Peak 

no. 

RT 

(min) 

Proposed Compound Formula Measured 

(m/z) 

Candidate 

mass 

1 2.027 strontium chloranilate SrC6Cl2O4 294.60 294.6 

2 1.910 p-chlorobenzoyl isothiocyanate C8H4ClNOS 197.65 197.6 

3 1.610 N,N'-(tetramethylenebis(oxy-p-

phenylenetrimethylene))diacetamide 

C26H36N2O4 440.60 440.6 

4 1.610 2-chloroanthraquinone C14H7ClO2 242.65 242.6 

5 24.243 triethylstannyl acrylate SnC9H18O2 276.90 276.9 

6 20.693 4,4'-diiodo-3,3'-dimethylbiphenyl C14H12I2 433.60 434.0 

7 24.718 2,4,6-triphenylpyrylium 1-

naphthalenesulfonate 

C33H24O4S 516.60 516.6 

8 27.777 7-chloro-1-methyl-5-phenyl-2,3-

dihydro-1H-1,4-benzodiazepine 

C16H15ClN2 270.80 270.8 

9 25.860 3-oxo-5beta-cholestan-2-yl 

propionate 

C30H50O3 458.70 458.7 

10 25.893 (2S,4R)-N-((1S)-2-

(benzyl(methyl)amino)-1-(2-

naphthylmethyl)-2-oxoethyl)-4-

hydroxy-1-((1-methyl-1H-indol-3-

yl)carbonyl)-2-

pyrrolidinecarboxamide 

C36H36N4O4 588.90 588.7 

11 27.760 benzyltripropylammonium chloride C16H28ClN 269.800 269.8 

12 27.827 3,3-bis(ethylthio)-2beta-hydroxy-

5beta-cholan-24-oic acid 

C28H48O3S2 496.80 496.8 

13 28.493 bis((isobutylthio)acetato)copper(II) C12H22CuO4S2 

2H2O 

358.00 358.0 

14 29.453 2,3,4,5-tetraphenylpyrrole C28H21N 371.70 371.5 

Table 4. LC-MS profile of Ethanol extracts of A. euchroma. 

Peak 

no. 

RT 

(min) 

Proposed Compound Formula Measured 

(m/z) 

Candidate 

mass 

1 24.310 triethylstannyl acrylate C9H18O2Sn 276.90 276.9 

2 26.410 trans-triphenyl(1-

propenyl)phosphonium 

chloride 

C21H20ClP 338.80 338.8 

3.5. High-performance thin-layer chromatography (HPTLC) studies. 

The method which has been used is a normal phase HPTLC method. The stationary 

phase was silica gel 60 F254 that was pre-coated on the aluminum sheet for the analysis. The 

mobile phase included toluene- ethyl acetate –formic acid (7:3:1) for detecting apolar 

flavonoids, toluene- methanol–diethylamine (8:1:1) for detecting alkaloids, and toluene- ethyl 

acetate (85:15) for finding terpenoid- saponin, which exhibited good separation of from the 

other phytochemicals of A. euchroma. The fluorescence quenching effect was enhanced by 

quenching of fluorescence due to UV light normally ranging at 200-400 nm to detect separated 

compounds on the sorbent layers. F254 is described as phosphorescence quenching. F254 

fluorescent indicator is excited with UV wavelength at 254 nm and emits green fluorescence. 

The leading cause of this quenching is all compounds with conjugated double bonds. Important 

compounds could be detected under 254 nm, including coumarins, anthraglycosides, 

flavonoids, propylphenols in essential oils, several alkaloid types like isoquinoline, indole, and 

quinoline alkaloids, etc. [39, 40]. Derivatisation reagents used in this method include 

dragendroff reagent, natural products, anisaldehyde sulphuric acid, and methanol-sulfuric acid 

(2%) for detecting alkaloids, flavonoids, bitter principle- saponin- essential oil and 

anthraquinones, respectively (Figure 3). Dragendroff reagent can create a red-brown zone 

(Vis), and also natural products reveal intense yellow, orange, and green fluorescent zones in 

UV 366 nm. Anisaldehyde sulphuric acid displays red-brown, yellow-brown, dark green Zone 

(Vis) for bitter principle, coloured zones (Vis) for saponin and blue, brown or red zones (Vis) 
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for essential oil. Methanol-sulfuric acid can also expose red zones (vis) and red fluorescence 

UV 366 nm for anthraquinone [39]. 

 
Figure 3. HPTLC fingerprinting for plant extract; (a) Apolar flavonoids; (b) Alkaloids; (c) terpenoid- saponin. 

3.6. Total phenolic content (TPC). 

The three extract's total phenolic contents measured via the Folin–Ciocalteu method 

were reported as gallic acid equivalents [41]. Among the three different extracts,  the  n-Hexane  

extract was comprising the highest level of total phenolic content (407.41±66.01GAE µg/mg) 

followed by Ethanol  extract (225.98±1.24 GAE µg/mg) and Chloroform extract (123.81±8.67 

GAE µg/mg). So the lowest TPC was found in Chloroform extract. The mentioned results 

display that various solvents used for the extraction process contained a remarkable amount of 

TPC. A significant difference was observed at a level p < 0.05 between the various extracts in 

the total phenolics content. The current results compromise with the prior studies confirm that 

one of the most efficient solvents to obtain phenolic compounds was alcohol, such as ethanol. 

The selected solvent can also specify the extraction capacity of phenolic compounds. Several 

studies have already confirmed the existence of phenolic compounds in A. euchroma extracts 

from ethanol [13, 17]. All amounts measured were reported in Figure 4, and values displayed 

major variations in the studied extract's various solvents. One of the important components of 

plants is phenolic compounds, and due to the presence of these valuable components, it could 

have several pharmacological effects. Also, it can be advantageous for health and medical 

consumption. 
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Figure 4. Total phenolic content of three different extracts of A. euchroma. (a) The standard gallic acid curve 

was constructed by preparing the dilutions of different concentrations (1, 50, 100, 150, 200, 250, 300, 350, 400, 

and 450 µg/ml) in methanol (b) Total phenolic content (mean±SD) of extracts; the bars demonstrate the mean 

values of three independent experiment. The significant difference at P<0.05 was viewed between ethanol vs. n-

hexane (0.0028**), ethanol vs. chloroform (0.0398*), and n-hexane vs. chloroform (0.0003***). 

3.7. Evaluation of antioxidant activity.  

Superoxide is a reactive oxygen species that can cause cell and DNA damages and 

create different diseases. Phenolic, flavonoids, and carotenoids are secondary metabolites in 

plants that possess antioxidant activity due to their chemical structures and redox properties. 

Besides, phenolic compounds have responsible for adjusting oxidative stress tolerance on 

plants. All root extracts of A. euchroma with three various solvents had potent antioxidant 

activity against all the free radicals studied.  

 
Figure 5. DPPH inhibition (antioxidant activity) of A. euchroma. (IC50 means the amount of material that can 

inhibit 50% of DPPH free radical.). The bars demonstrate the mean values of three independent experiments. No 

significant difference at P<0.05 was viewed between in various extracts. 

The DPPH radical is widely used in investigating free radical scavenging activity due 

to the simplicity of the reaction. The antioxidant properties of extracts confirmed that the 

antioxidant activity of Ethanol and Chloroform (3.9 µg/ml) was relatively higher than n-
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Hexane (7.8 µg/ml) extract (Figure 5). As demonstrated, the lower the IC50 values are, the 

higher the A. euchroma extracts' antioxidant capacity. Due to ascorbic acid's positive control, 

the results have shown that all extracts with various solvents have considerable antioxidant 

capacity. The high phenolic and flavonoid content in crude extracts plays a vital role in these 

plant's bioactivity. Crude extracts of herbal medicine and other plant materials possess phenolic 

and flavonoid compounds that can increasingly be used in the health, medical consumption, 

and pharmaceutical industry for their antioxidative properties. 

3.8. Total antioxidant capacity analysis. 

As shown in Figure 6, there were significant differences in total antioxidant capacity 

(FRAP) between the three various extracts. The FRAP values varied, and the significant 

difference (P-value <0.0001) was confirmed between three different extracts (Figure 6). 

However, no total antioxidant capacity was observed in the chloroform extract. Free radicals 

and reactive oxygen species are among the most critical issues in metabolism in the body. There 

is numerous biochemical, biological, and clinical evidence suggesting that the oxidative 

reaction of free radicals, which is cytotoxic, is involved in various diseases such as cancer, 

diabetes, cardiovascular disease, atherosclerosis, neurological diseases, and accelerated aging. 

There are multiple methods and protocols to measure antioxidant capacity. These methods vary 

in their assay and experimental conditions; thus, specific antioxidants possess different 

contributions to total antioxidant capacity. This paper has used FRAP assay because it is rapid 

and easy to perform, inexpensive, repeatable, and affordable to measure total antioxidant 

capacity. According to the results, the total antioxidant capacity of A. euchroma in three 

different extracts can be divided into three groups which include very low FRAP (0.001±0.01 

mmol/L), good FRAP (0.113±0.09 mmol/L), high FRAP (0.907±0.07 mmol/L) respectively 

related to chloroform, n-Hexan, and ethanol. On the contrary, herbal medicine's affirmative 

properties with low FRAP value are unlikely to its antioxidant capacity. 

 
Figure 6. Total antioxidant capacity of three different extracts of A. euchroma, which has been analyzed by 

FRAP assay. (a) The standard curve was constructed by preparing the dilutions of different concentrations (0, 

0.2, 0.4, 0.6, 0.8, and 1 mmol) (b) Total antioxidant capacity (mean±SD) of extracts; the bars demonstrate the 

mean values of three independent experiments. The significant difference at P<0.05 was viewed between 

ethanol vs. n-hexane (<0.0001****), ethanol vs. chloroform (<0.0001****), and n-hexane vs. chloroform 

(0.0318*). 
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3.9. Antimicrobial activity. 

The antibacterial properties of three extracts of the roots of A. euchroma are represented 

in Figure 7. All extracts have antibacterial activity against Gram-positive and Gram-negative 

bacteria, with MICs of 300-700 µg/ml. MIC and MBC were carried out to investigate the 

antibacterial capacity of the A. euchroma.  In our study, the MIC of Ethanol extract, 

Chloroform, and n-hexane for gram-positive and gram-negative bacterias were 700, 400, 400 

µg/ml for E. coli, 500, 500, 400 µg/ml for S. aureus, 400, 400, 300 µg/ml for S. epidermis and 

400, 300, 300 µg/ml for P. aeruginosa, respectively. According to the results, the n-hexane and 

chloroform extracts have relatively revealed better inhibitory concentration. The chloroform 

extract displayed the lowest MBC at 600 µg/ml for E.Coli and S. aureus, whereas the lowest 

bactericidal activity for chloroform extract was 500 µg/ml for S. epidermis and P. aeruginosa. 

These results indicate that A. euchroma can act as a potential source of broad-spectrum 

antimicrobial agents. The extract's antimicrobial activity may be related to the high amount of 

secondary metabolites such as flavonoids, which have been reported to play a critical role in 

inhibiting nucleic acid biosynthesis and other processes [42]. Also, phenolic compounds 

possess a C3 side chain at a lower oxidation level and not comprising any oxygen have mostly 

been reported to act as antimicrobials agents [43]. The phenolic compounds have a partially 

hydrophobic nature that could be one reason for their antimicrobial activity. Moreover, the 

main mechanism of the toxicity of phenolic compounds against microorganisms is the 

inhibition of hydrolytic enzymes or other interactions that can inactivate microbial adhesins, 

non-specific interactions with carbohydrates and cell envelope transport proteins [44, 45].   

 
Figure 7. MIC (a) and MBC (b) of three extracts against gram-positive and gram-negative bacteria; the bars 

demonstrate the mean values of three independent experiments. The significant difference at P<0.05 was viewed 

between (<0.0001****) and ns (none significant) in some groups. 

3.10. Analysis of SEM images of Bacteria. 

SEM imaging is the selected method for analyzing the bare surfaces and the 

morphological changes on the bacterial cells before and after exposure to A. euchroma. The 

control sample or untreated P.Aeruginosa bacteria prepared for SEM micrographs were 

approximately 1.5-2.5 μm long and showed a smooth, intact structure and morphology, 

undamaged and rod-shaped (Figure 8 a-b). Also, scanning Electron Microscopy images of the 

bacterial cell is viewed as a single form and uniform structure. In a few bacterial cells, their 

surface looked corrugated, and also, there were some dimples in these cells, but their length 

remained the same. After incubation with MICs of extract, the bacteria approximately 

shortened to as little as one μm and significantly increased their surface roughness with a 

considerable number of microscale dimples and protrusions (Figure 8 c-d), indicates that 

P.Aeruginosas structure has been damaged and cannot grow and divided properly. 
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Along with the dimples on the surface of the bacteria cells in the treated group and 

wrinkling morphology were seen after exposure to the MIC of concentrations of the extract. 

The bacteria that were incubated with MIC of extracts had holes in the cell wall that caused 

multiple dents and lysed many cells (data not shown). After treating bacteria with extract, SEM 

imaging showed that the bacteria had burst with deep craters in their cell wall (Fig.8 d) and 

also lysed. 

 
Figure 8. SEM micrographs of untreated P.Aeruginosas (a) and (b) the cells are undamaged and intact. After 

treatment with MIC of extract, in the morphology of bacteria, some dents and dimple (c) can be seen, and the 

structure of bacteria has completely been wrinkled (d). Some deep craters and bursts are observed, and entirely 

lysed bacteria are seen in the picture. The SEM images were sputter-coated with gold. (The micrograph was 

converted into the RGB color mode from grey color and further converted into the indexed color mode.) 

4. Conclusions 

This work highlights the vital difference in chemical and phytochemical composition 

among the three various extracts of A. euchroma and their considerable influence on biological 

activities and medicinal aspects. Our present study aimed to characterize the LC-MS profile, 

fingerprint of extracts phytochemical, total phenolic content, antioxidant and antibacterial 

activities which bioactive compounds are responsible for these activities. According to the LC-

MS analysis, which was interpreted through the SDBS database, some of the various extract's 

compounds were determined. These data can be used to define and classify the structure 

elucidation of phenolic compounds, which is a primary step towards realizing their importance 

that acts as natural antioxidants. The DPPH assay results, it was proved that methanol, 

chloroform and n-Hexane extracts of A. euchroma had an excellent antioxidant activity with 

IC50 of 3.9 µg/mL and 7.8 µg/mL, respectively, which confirm total phenolic content results. 

High phenolic content of n-Heane extracts of A. euchroma can cause well antioxidant activity 

against free radicals and reactive oxygen species in biological systems. Based on these results, 

it can be concluded that ethanol and n-Hexane extracts of A. euchroma had great potential as 

biomedicine and pharmaceuticals to treat many diseases. Also, all extracts are endowed with 

potent antimicrobial activities. Our results may be stated that secondary metabolites and the 

active component can be detected in extracts of A. euchroma, which may serve as a 

characteristic "fingerprint" identified by HPTLC and UV-spectroscopy that confirm a wide 

range of pharmacological activity. The present findings suggest that this extract could be a 

prominent and potent source of medicinally main natural compounds. 
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