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Abstract 

Medicinal plants have been a great source of herbal drugs, and with the advent of 

biotechnology, enormous novel herbal compounds have now been identified that may 

have a vast application in the pharmaceutical industry. Anisomeles indica (L.) Kuntze 

is an important medicinal plant found growing in the wild in the Terai Duars region 

of North Bengal, belonging to the family Lamiaceae. Although some of the studies 

have suggested the potential application of this plant extract for the treatment of 

bacterial diseases, none of the studies have studied the chemical composition of leaf 

extracts in great detail. In lieu of this, the present work has been framed to evaluate 

the phytochemical composition of leaf extracts of A. indica in two different solvents, 

i.e. ethyl acetate and ethanol, and the qualitative screening for the presence of various 

phytochemicals namely terpenoids, carbohydrates, steroids, flavonoids, alkaloids, 

phenols, tannins, cardiac glycosides, saponins, and lignins. Additionally, the 

antioxidant potential of ethanolic leaf extract was studied by analyzing DPPH activity 

and ABTS assay. The freehand sections of fresh A. indica leaves were carried out, and 

localization of the bioactive phytoconstituents inside the leaf was highlighted. One of 

the major approaches followed in this work was the evaluation of the antibacterial 

activity of leaf extracts, and it was found that ethanolic leaf extracts were highly 

effective against all tested bacterial strains (Bacillus subtilis ATCC 11774, Salmonella 

typhimurium ATCC 25241, Staphylococcus aureus ATCC 25923 and Escherichia coli 

ATCC 11229). Further, GC-MS profiling of the ethanolic extract confirmed the 

presence of a total of 15 compounds, of which 13 were found to be biologically active.    
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Introduction 

In the present scenario, a large number of 

pharmaceutical drugs have been employed for the 

treatment of many human pathogenic diseases. 

Although in the short term, these drugs are highly 

effective, their consistent use has a significant effect 

on human health. Due to which herbal medicines 

have gained utmost importance due to their targeted 

action and fewer side effects in curing various 

diseases and ailments. Medicinal plants are an 

excellent source of herbal medicines as they 

constitute a wide variety of secondary compounds 

that have bioactive properties such as anti-oxidant, 

anti-inflammatory, anti-microbial, anti-tumor etc. 

Thus, plant-derived phytochemicals are of great 

significance with reduced side effects against a wide 

range of microorganisms (Azalework et al., 2017). 

These phytochemicals have diverse functional 

properties that assist them in combating with 

different pathogenic microorganisms. A number of 

such phytochemicals have been isolated from variety 

of medicinal plants, such as phenolics, alkaloids and 

terpenoidal compounds. All these secondary 
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metabolites possess strong anti-oxidant activity that 

provides resistance to attack from a number of 

pathogenic microorganisms. Apart from their role in 

biotic stress alleviation, these secondary metabolites 

also augment plant growth and development under 

different abiotic stresses, such as drought, salinity, 

and high temperature.  

Most of the research studies in the current scenario 

have focused on the detection of novel secondary 

compounds from plants that have significant 

importance in herbal drugs. Extraction of 

phytochemical compounds from plant tissues is 

carried out by the utilization of different solvents 

such as methanol, ethyl acetate, DMSO, etc. This 

variation in solvent for the extraction of 

phytochemicals depends upon the nature of the 

compound to be isolated. It has been observed that 

different researchers have utilized different solvents 

for the isolation of phytochemicals from the same 

type of tissue, but in different plant species. 

Therefore, it is crucial to select the solvent 

beforehand for the isolation of particular 

phytochemicals. As is evident, these secondary 

metabolites occupy different plant tissues and vary 

in anatomical location in various plant tissues. 

Previous histochemical studies have also confirmed 

the accumulation of bioactive secondary metabolites 

within the tissues of plant parts examined under 

microscopes using different stains, thus contributing 

greatly to the isolation process of phytochemicals 

(Badria et al., 2019).  

Gas chromatography-mass spectrometry (GC-MS) 

is a combined technique that plays a vital role in 

phytochemical analysis for its precision in 

identifying the bioactive secondary metabolites 

present in the leaf extracts (Starlin et al., 2019). A 

plethora of studies have stated the application of GC-

MS in the identification and separation of bioactive 

secondary compounds from different plant extracts. 

Correspondingly, the GC-MS analysis demonstrates 

the presence of different functional groups/moieties 

in extracts from a multitude of plant extracts that 

have no prior information available in the literature. 

And as such, these compounds can be purified, 

characterized and may be further tested in different 

plant and animal models for their functional traits.  

With this background, the present work has been 

designed for the isolation and characterization of 

phytochemicals from an important medicinal plant, 

A. indica (L.) Kuntze, commonly known as Indian 

catmint. The plant is an aromatic perennial herb that 

belongs to the family Lamiaceae, native to Asia. In 

India, it is predominantly found in the north and 

northeastern regions during the months of March to 

October and has been used as folk medicine for years 

(Antil et al., 2019a). As a traditional medicine, the 

leaves of A. indica were used to treat toothache, 

snakebite, paralysis, and epilepsy. The whole plant 

is also identified for its anti-inflammatory, anti-

oxidative, anti-bacterial, analgesic, and herbicidal 

properties (Dharmasiri et al., 2003; Kundu et al., 

2013). The biological activity of the extracts 

indicated the presence of phytochemicals such as 

diterpenoids, flavonoids, steroids and terpenoids 

(Basappa et al., 2015; Antil et al., 2019b). The 

increase in the resistance potential of antimicrobials 

demands the exploration of more plants of medicinal 

importance, which may provide significant results 

due to the presence of various bioactive compounds 

(Ismail et al.,, 2020). Antil et al., (2019b) have 

shown the inhibitory activity of its phyto-constituent 

against pathogenic bacteria Helicobacter pylori. The 

plant has also been found to be effective as an 

anticancer agent (Bich-Loan et al., 2021). The 

histochemical study of the leaf section of A. indica 

has provided strong evidence for the presence of 

polyphenols, terpenoids, tannins and alkaloids 

(Sathyaand Phawa, 2018). GC-MS analysis of the 

methanolic extract of A. indica indicated the 

presence of different phytoconstituents (Nasrin et 

al.,, 2022).  

To our knowledge, this is the first complete report 

documenting the major micromorphological aspects 

of A. indica along with the chemical composition in 

the various leaf structures from the plants growing in 

this region of India. This allows us to identify 

functional and structural aspects of tissues, such as 

metabolite localization, investigate enzyme activity 

of secondary metabolites, explore cellular 

specialization, and study environmental influences. 

Moreover, advanced analytical techniques such as 

gas chromatography-mass spectrometry (GC-MS) 

have facilitated the identification of diverse 

secondary compounds with biological activities such 

as anti-bacterial, anti-oxidant, anti-cancer, anti-

inflammatory, etc. The work will lay the foundation 

for the isolation of novel metabolites from the leaf 

extracts that will play an important role in the 

development of pharmaceutically active herbal 

drugs against microbial diseases with no or little side 

effects.  

Materials and Methods  

Fresh and healthy leaves of A. indica (L.) were 

harvested from the campus of the University of 

North Bengal (NBU) (26.7095° N, 88.3542° E) 

during July and August of Year 2022 and stored at 
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4ᵒ C for further use. Further, running tap water was 

used to remove impurities from the surface of the 

collected leaf samples. The leaf samples were 

washed and rinsed with double-distilled water 

(ddH2O) followed by 70% ethanol for 1 min. The 

leaf samples were further dried in a hot air oven until 

no moisture could be observed. The leaves were then 

pulverized using a mortar and pestle to prepare fine 

powder (Baskaran et al., 2012). The powder was 

dissolved in two diverse solvents (mainly ethanol 

and ethyl acetate) in a 1:10 (w/v) ratio and kept at 4° 

C until further use. The prepared extracts were 

centrifuged at 9000 rpm for 10 min. The supernatant 

was collected and dried with the help of a rotary 

evaporator at 40° C to prepare a crude extract. The 

extracted residue was re-dissolved in ethanol and 

ethyl acetate to prepare the stock solution and stored 

for further analysis. 

Phytochemical evaluation of the leaf extracts was 

qualitatively assessed according to the standard 

protocols for tannins (Ugochukwu et al., 2013), 

terpenoids (Rajesh et al., 2014), alkaloids 

(Ugochukwu et al., 2013), flavonoids (Shaikh and 

Patil 2020), phenols (Rajesh et al., 2014), 

carbohydrates (UC and Nair 2013), cardiac 

glycosides (Zahoor et al., 2020), steroids (Antil et 

al., 2019), saponins (Devmurari 2010), and lignins 

(Bhatt and Dhyani 2012). 

The total phenolic content in the leaf tissue extracts 

was determined by the Folin-Ciocalteu 

spectrophotometric method by Singleton and Rossi 

(1965). A standard curve was prepared with a gallic 

acid solution (20 to160 µg ml-1). To 1 ml of extract 

was added 1 ml of 95% ethanol, 5 ml of distilled 

water, and 0.5 ml folin ciocalteu solution. After 5 

minutes, 1 ml of 5% Na2CO3 was added to the 

solution mixture. Then, the mixture was incubated 

for 1 h, and the absorbance was measured in the 

spectrophotometer at a wavelength of 725 nm.   

The aluminium chloride (AlCl3) colorimetric 

method was adopted for evaluation of the total 

flavonoid content of the plant extracts (Durai et al., 

2016). 1 ml of leaf extract and 4 ml dH2O were 

mixed in a test tube and after 5 minutes, 0.3 ml of 

5% NaNO2 and 0.3 ml of 10% AlCl3 were added to 

this mixture and mixed thoroughly. Again, after 5 

min, 2 ml of 1M NaOH was added to the mixture, 

and the entire content was diluted with dH2O to 

make a final volume of 10 ml. A standard curve was 

developed with quercetin solution (20 to 100 µg ml-

1) for the calculation of total flavonoids. The 

readings of the absorbance were recorded in a 

spectrophotometer at a wavelength of 510 nm. 

Total tannin content was examined by folin-

ciocalteu spectrophotometric method by Durai et al., 

(2016). In a test tube, 0.1 ml extract along with 7.5 

ml of dH2O, 0.5 ml Folin- Ciocalteu reagent and 1 

ml of 35% Na2CO3 were taken and mixed well. The 

entire mixture was diluted with 10 ml dH2O and 

shaken well. Further, the absorbance values were 

recorded at 725 nm in a spectrophotometer after 

incubating the mixture for 30 min. Gallic acid (with 

a concentration of 20 to 600 µg ml-1) was used as a 

standard for the determination of total tannin 

content. 

The DPPH assay was executed following the 

standard protocol of Hsu et al., (2007) with some 

modifications. However, 1.5 ml of various 

concentrations of leaf extracts (10 to 100 µg ml-1) 

and 1.5 ml of 0.1mM DPPH solution were mixed in 

a test tube. The mixture was then incubated for 30 

min in the dark, and the reduction of DPPH free 

radical was calculated by measuring the absorbance 

of a solution at 517 nm in a UV-VIS 

spectrophotometer. The control was prepared 

without adding the extract. Ascorbic acid, a natural 

antioxidant, was used as a standard. The experiment 

was carried out in three replicates, and the 

percentage inhibition of DPPH free radicals was 

calculated as follows 

Inhibition (%) =
(Abs Control − Abs Sample)

Abs Control
∗ 100 

where A_Control  is the absorbance of the control, 

and A_Sample is the absorbance of the sample. 

ABTS assay is associated with the ability of the 

sample to scavenge (2, 2′ azino-bis 

ethylbenzthiazoline-6-sulfonic acid ABTS⁺) radical. 

Preparation of the ABTS solution was done by 

mixing 7 mM ABTS with 2.45 mM potassium 

persulfate (K2S2O8). The solution was allowed to 

stand for 4-16 h until the reaction was complete, and 

the solution was diluted with ethanol to record an 

absorbance of 0.700 ± 0.05 at 734 nm in a UV-VIS 

spectrophotometer (Re et al., 1999). The leaf extract 

(0.3 ml) of different concentrations (10 to 100 µg m-
l) was taken in a test tube to which 2.7 ml ABTS 

solution was added and mixed well. The solution 

without extract was considered a control.  The 

experiment was carried out in triplicate. Moreover, 

the antioxidant activity of the sample was evaluated 

through identify the decrease in the absorbance at 

different concentrations by using the equation 

Inhibition (%) =
(Abs Control − Abs Sample)

Abs Control
∗ 100 

 

where A_Control is the absorbance of the control, 

and A_Sample is the absorbance of the sample. 
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Fresh young leaves of A. indica were collected and 

examined by cross-sections using surface 

preparations. The cut leaves were stained with 

suitable reagents to detect the presence of 

phytochemicals in different parts of the leaves. To 

check the presence of alkaloids, the sections were 

stained with Dragendroff’s reagent and washed with 

dH2O (Gomez et al., 2019). For lignins, the sections 

were stained with safranin and washed with 50% 

alcohol after 15 min (Demarco, 2017; Gangaram et 

al., 2020). Similarly, to study terpenoids, the 

sections were stained with 2,4-

dinitrophenylhydrazine (DNPH) in 2N HCl (Boix et 

al.,, 2011). To detect the presence of phenols, the 

sections were stained with FeCl3 (Gangaram et al., 

2020), and the excess stains were washed with 

dH2O. Tannins were localized by staining the leaf 

sections with a 10% potassium bichromate 

(K2Cr2O7) solution (Muravnik and Shavarda 2012). 

After mounting the coverslips, the slides were 

observed under a microscope and analyzed.  

The anti-bacterial potential of leaf extracts was 

examined using the agar well diffusion method 

(Baskaran et al., 2012). Four bacterial strains, two 

gram-positive (Staphylococcus aureus ATCC 25923 

and Bacillus subtilis ATCC 11774) and two gram-

negative (Salmonella typhimurium ATCC 25241; 

Escherichia coli ATCC 11229) strains were used as 

test organisms against the activity of extracts. The 

culture was grown in fresh nutrient broth (NB) 

media and incubated for 72 h at 37 °C and used as a 

source of inoculum for the experiment. The culture 

was swabbed uniformly on nutrient agar plates, and 

wells were filled with 30 µl each of leaf extract (200 

mg ml-1 and 100 mg ml-1). Streptomycin was selected 

as a standard positive control, ethanol, and ethyl 

acetate as a negative control. After a 48-hour 

incubation period at 37°C, the inhibition zone 

diameter (IZD) was measured to assess the 

antibacterial activity. 

Based on the observations from both qualitative and 

quantitative phytochemical assays, the ethanolic 

extract was then selected to perform a GC-MS 

evaluation for the identification of bioactive 

compounds. The analysis was accomplished using 

an Agilent 8890 GC system coupled with a 5977 

MSD. The compounds were separated on an HP-5ms 

ultra-inert capillary column (30m×250µm×0.25µm). 

The initial oven temperature was maintained at 75°C 

withhold time of 0.5 min. MS operating parameters, 

such as the ion source temperature and quad 

temperature, were maintained at 230°C and 150°C, 

respectively, and the separation was carried out at 70 

eV in electron ionization (EI) mode. The total run 

time of GC was 53.5 min. The oven temperature was 

augmented from 75°C to 350°C. Further, Helium 

was explored as the carrier gas with a split flow of 6 

ml min-1, which corresponded to a split ratio of 5:1. 

The identification of compounds analyzed by GC-

MS was further determined by associating the MS 

spectrum patterns with the standard mass spectra 

accessible at the National Institute of Standards and 

Technology (NIST) Mass Spectra Database. 

Results 

Phytochemical screening of leaf extracts of A. indica 

was performed using two different solvents and the 

presence of various phytochemicals was noticed in 

two separate solvents (Figure 1). 

Among the phytochemicals screened, terpenoids, 

carbohydrates and steroids were found to be present 

in leaf extracts of both the solvents while, tannins, 

saponins, alkaloids, flavonoids, lignins, phenols and 

cardiac glycosides were present only in the ethanolic 

extract (Table 1). 

 

Table 1. Screening for the presence of phytochemicals in leaf extracts of A. indica prepared in two 

different solvents 

‘+’ indicates presence ‘-’ indicates absence of phytochemical in extract. 

Phytochemicals Test Ethanol Ethyl acetate 

Saponins Foam test + - 

Alkaloids  Wagner’s test + - 

Flavonoids Lead acetate test + - 

Phenols Folin test + - 

Tannins - + - 

Cardiac glycosides  Keller-Killani test + - 

Lignins  Labat test + - 

Terpenoids Salkowski test + + 

Carbohydrates Molisch’s test + + 

Steroids - + + 
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Figure 1. Phytochemical screening of leaf extract of A. indica. C1= ethanolic control, E= ethanolic extract, 

C2=ethyl acetate control, EA= ethyl actetate extract. 
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The quantitative assay of leaf extract prepared in 

ethanol exhibited higher flavonoid content (1.15 ± 

0.07 mg ml-1) as compared to ethyl acetate (0.083 ± 

0.03 mg ml-1) (Table 2). In the case of tannins, a 

concentration of 0.66 ± 0.013 mg ml-1 was achieved 

with ethanol, but ethyl acetate only resulted in 0.12 

± 0.03 mg ml-1 (Table 2). Similarly, higher phenol 

content was observed in leaf extract prepared in 

ethanol (0.103 ± 0.003 mg ml-1) as compared to leaf 

extract prepared in ethyl acetate (0.024 ± 0.001 mg 

ml-1) (Table 2). The results showed that the total 

phenols, total flavonoids, and total tannins contents 

differed among the two leaf extracts, and high 

occurrence was observed in the leaf extract prepared 

in ethanol. 

 

Table 2. Quantitative estimation of phytochemicals content in leaf extracts of A. indica prepared in two different 

solvents. 

 

Phytochemicals Ethanolic extract (mg ml-1) Ethyl acetate extract (mg ml-1) 

Total phenolic content 0.103 ± 0.003 0.024 ± 0.001 

Flavonoid content 1.15 ± 0.07 0.083 ± 0.03 

Tannins 0.66 ± 0.013 0.12 ± 0.03 

The values represent is a mean of three replicates and are presented as mean ± SD 

 

The antioxidative potential of A. indica was 

determined spectrophotometrically through the 

DPPH reduction assay. The inhibition concentration 

(IC50) parameter is the amount of sample necessary 

to decrease the absorbance of DPPH by 50%. It was 

used to calculate the anti-oxidative activity of the 

extract using the inhibition curve. Results showed 

that the antioxidant activity of ethanolic extract of A. 

indica in terms of IC50 was found at the 

concentration of 34.791 µg ml-1 (Fig. 2a). The 

scavenging effect can be attributed to the presence of  

active phytoconstituents in the ethanolic leaf extract 

of A. indica. 

The antioxidative activity of the ethanolic leaf 

extract was determined in terms of IC50 from the 

inhibition curve through the ABTS reduction assay. 

The change in absorbance was plotted against the 

concentration of the sample to calculate the IC50 

value. The antioxidant activity of the ethanolic 

extract in terms of IC50 was found at the 

concentration of 84.019 µg ml-1, indicating the 

presence of bioactive compounds contributing to its 

anti-oxidative property (Figure 2b). 

 

 

 

 

Figure 2. Antioxidant activity of leaf extract of A. indica relative to that of ascorbic acid. (a) DPPH scavenging 

radical assay; (b) ABTS scavenging activity  
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The freehand sections of fresh A. indica leaves using 

different reagents highlighted the localization of the 

bioactive phytoconstituents inside the leaf (Table 3). 

The results showed the presence of alkaloids in the 

cuticle layer, palisade cells, and trichomes when 

stained with Dragendroff’s reagent (Figure 3a-c). 

The histochemical presence of lignins was observed 

in trichomes (Figure 3d,f) and xylem (Figure 3e) in 

leaf sections through staining with safranin. On the 

contrary, terpenoids in leaf sections were noticed in 

trichomes and xylem when stained with 2, 4-

Dinitrophenylhydrazine (Figure 3g-i). Phenols were 

present in trichomes and cuticles through staining 

with FeCl3 (Figure 3j-l). When stained with 10% 

potassium dichromate for the detection of tannins, 

the leaf sections showed accumulation in leaf 

trichomes (Figure 3m-o). The ethanolic and ethyl 

acetate leaf extracts were analyzed for anti-bacterial 

activity against both gram-positive (Bacillus subtilis 

ATCC 11774; Staphylococcus aureus ATCC 25923) 

and gram-negative bacteria (Escherichia coli ATCC 

11229; Salmonella typhimurium ATCC 25241) 

(Figure 4).  Both the leaf extracts showed inhibitory 

potential against these strains of bacteria, with the 

ethanolic extract being more prominent (Table 4). 

The highest inhibition of 25.66 mm was recorded 

against E. coli ATCC 11229, followed by 18 mm, 

14.66 mm, and 12.66 mm against S. Typhimurium 

ATCC 25241, S. aureus ATCC 25923 and B. subtilis 

ATCC 11774, respectively, by the ethanolic extracts 

(Table 4). The ethyl acetate extract showed activity 

against E. coli ATCC 11229, showing the highest 

inhibition of 24.66 mm, followed by 17 mm, 11 mm 

and 8.66 mm against S. typhimurium ATCC 25241, 

S. aureus ATCC 25923 and B. subtilis ATCC 11774, 

respectively (Table 4). The extraction capacity of 

organic solvents may have produced active 

compounds, thus enhancing the antibacterial 

activity. 

GC-MS analysis of the ethanolic leaf extract of A. 

indica revealed the presence of total 15 compounds 

(phytochemical constituents), of which 13 were 

found to be potentially active in relation with the 

medicinal property of the plant (Fig. 4a). The major 

bioactive compounds present in the ethanolic leaf 

extract of A. indica were found to be squalene, γ-

sitosterol, 3,7,11,15-tetramethyl-2-hexadecen-1-ol, 

neophytadiene, α-tocopheryl acetate, phytol, 9,12- 

octadecadienoic acid, ethyl ester, 9,12,15- 

octadecatrienoic acid,ethyl ester,(Z,Z, Z)-, 

hexadecanoic acid, 2- hydroxyl-1-(hydroxyl methyl) 

ethyl ester, 9,12,15-Octadecatrienoic acid,2,3-

dihydroxypropylester, .psi.,.psi.-carotene,1,1',2,2'-

tetrahydro-1,1' dimethoxy-, methyl glycocholate, 3 

TMS derivative and hexadecanoic acid, ethyl ester 

(Table 5). The identification and characterization of 

the 15 compounds were done by comparing data 

with the NIST library and categorized based on their 

biological activity, peak area, retention time, and 

class (Table 5). Maximum compounds were found to 

possess bioactivity, including anti-bacterial, anti-

oxidant, anti-cancer, and anti-inflammatory (Figure 

4b). 

 

Table 4. Screening for antibacterial activities of two different leaf extracts of A. indica 

The values represent zone of inhibition (mm) and are presented as mean ± SD.

 

 

 

 

Solvent used Concentration 

(mg ml⁻¹) 

Zone of inhibition (mm ± SD) 

Staphylococcus 

aureus ATCC 

25923 

Salmonella 

typhimurium 

ATCC 25241 

Bacillus 

subtilis 

ATCC 11774 

Escherichia 

coli ATCC 

11229 

Ethanol 

100 12.66 ± 0.57 12.70 ± 0.60 5.66 ± 0.57 25.66 ± 0.57 

200 14.66 ± 0.57 18 ± 1 12.66 ± 0.57 25.66 ± 0.57 

Ethyl 

acetate 

100 11.66 ± 0.57 12.66 ± 0.57 8.33 ± 0.57 24.66 ± 1.52 

200 11 ± 1 17 ± 1 8.66 ± 0.57 11.33 ± 0.57 
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Figure 3. Transverse sections of histochemical stained leaves of A. indica. Dragendroff’s reagent for alkaloids-

stained orange in trichomes, cuticle and palisade cells (a, b, c); safranin for lignins stained pink in trichomes and 

xylem (d, e, f); DNPH stained orange brown for terpenoids in trichomes and xylem (g, h, i); FeCl3 for phenols-

stained dark brown in trichomes and cuticle (j, k, l); 10% potassium bichromate for tannins-stained brown in 

trichomes (m, n, o). 
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Figure 4. Antibacterial activity of ethanolic and ethyl acetate leaf extracts of A. indica against Bacillus subtilis 

ATCC 11774 (a), (b); Escherichia coli ATCC 11229 (c), (d); Salmonella typhimurium ATCC 25241 (e), (f) and 

Staphylococcus aureus ATCC 25923 (g), (h). S= streptomycin (positive control), E1= ethanolic extract (100 mg 

ml⁻¹), E2= ethanolic extract (200 mg ml⁻¹) E= ethanol (negative control), EA1= ethyl acetate extract (100 mg ml⁻¹), 

EA2= ethyl acetate extract (200 mg ml⁻¹ ), EA= ethyl acetate (negative control). 
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Table 5. GC-MS analysis of leaf extracts of A. indica prepared in ethanol for the identification of biologically 

active compounds 

 
Compound name RT 

(min) 

Peak 

area 

% 

Category Major 

class 

Activity References 

Neophytadiene 23.56 0.99 Sesquiterpenoids Terpenoids 
Anti-bacterial, 

Anti-oxidant 

(Swamy et al., 

2017) 

3,7,11,15-Tetramethyl-

2- 

hexadecen-1-ol 

24.791 0.37 Diterpenes Terpenoids 

Anti-oxidant, 

Anti-

inflammatory, 

Anti-bacterial 

(Ismail et al., 

2019; Nithya et 

al., 2018) 

Hexadecanoic acid, 

ethyl 

ester 

27.848 0.41 Ethyl ester 

Palmitic 

acid 

ester 

Anti-oxidant 
(Parthipan et al., 

2015) 

Phytol 30.58 6.82 
Acyclic 

diterpenoids 
Terpenoids 

Anti-cancer, Anti-

bacterial 

(Sermakanni and 

Thangapandian 

2012) 

9,12-Octadecadienoic 

acid, ethyl ester 
31.611 0.54 

Lineolic acid 

ethyl ester 
Fatty acid 

Anti-oxidant, 

Anti-

inflammatory 

(Parthipan et al., 

2015) 

9,12,15-

Octadecatrienoic 

acid, ethyl ester, 

(Z,Z,Z)- 

31.761 1.4 
Linolenic acid 

ethyl ester 
Fatty acid 

Anti-

inflammatory,  

Cancer preventive 

(Guerrero et al.,  

2017) 

Hexadecanoic acid,2- 

hydroxy-1- 

(hydroxyl methyl)ethyl 

ester 

37.931 1 - 
Amino 

compound 
Anti-oxidant 

(Tyagi and 

Agarwal 2017) 

9,12,15-

Octadecatrienoic 

acid,2,3-

dihydroxypropyl 

ester 

40.838 1.33 - - 
Anti-

inflammatory 
(Idan et al.,  2015) 

Squalene 42.719 1.65 Triterpene Terpenoids 

Anti-oxidant, 

Anti-bacterial,  

Anti-

inflammatory, 

Cancer 

preventive. 

(Sermakanni and 

Thangapandian 

2012) 

       

α-Tocopheryl acetate 46.801 0.87 
Vitamin E 

compounds 
- 

Anti-

inflammatory, 

Anti-bacterial 

(Adnan et al., 

2019) 

.psi.,.psi.-Carotene, 

1,1',2,2'-tetrahydro-

1,1'- 

dimethoxy- 

48.358 0.4 - Carotene 
Anti-oxidant, 

Anti-cancer 

(Khan et al.,  

2019) 

γ-Sitosterol 49.083 4.91 Sterol lipids - 

Anti-viral, Anti- 

inflammatory, 

Anti-bacterial 

(Adnan et al.,  

2019) 

Methyl glycocholate,3 

TMS derivative 
50.164 0.52 - - Anti-oxidant 

(Masek et al., 

2020) 

3,7,11,15- 

Tetramethylhexadec-2- 

en-1-yl acetate 

32.799 0.35 - - Unknown - 

5HCyclopropa[ 

3,4]benz[1,2- 

e]azulen-5-one, 9- 

(acetyloxy) -3- 

44.357 51.54 - - Unknown - 
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Figure 5 (a) GC-MS chromatogram of ethanolic leaf extract of A. indica; (b) Characterization of compounds of 

leaf extract of A. indica in terms of biological activity. 

 

Discussion 

Anisomeles indica (L.) Kuntze belonging to the 

family Lamiaceae, is reported to be medicinally 

important (with anti-inflammatory, anti-bacterial, 

and anti-oxidative activities (Antil et al., 2019). 

Medicinal plant and their secondary metabolites are 

the key factors for discovering and developing novel 

therapeutic agents (Nasrin et al.,, 2022). The 

therapeutic value of plants is considered to be of vital 

importance due to their significant uses as a primary 

source of bioactive constituents that could contribute 

to the making of novel drugs (Azwanida 2015; Islam 

et al., 2021).  The present study investigated the key 

phytochemical components of the medicinal herb  
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A. indica and carried out their biochemical 

characterization.  

In the present study, the qualitative phytochemical 

analysis revealed the presence of various 

phytochemicals, including flavonoids, phenols, 

alkaloids, terpenoids, steroids, carbohydrates, 

saponins, tannins, cardiac glycosides and lignins in 

the leaf extracts of A. indica. However, maximum 

phytochemicals were detected in the ethanolic 

extract, while only minor amounts were detected in 

the ethyl acetate extract. These phytochemicals may 

contribute to the pharmacological properties of leaf 

extracts of A. indica.  Literature shows that plant 

antimicrobials have promising results with reduced 

side effects (Azalework et al., 2017).  The 

phytochemicals detected with phytochemical 

screening have been previously reported for their 

biological properties. For instance, steroids function 

as insecticidal and antimicrobial agents and have 

been used in herbal medicines. Tannins have 

antimicrobial activity and inhibit the growth of 

microorganisms, including fungi, yeasts, bacteria, 

and viruses. Tannins exist in many plant foods as 

precipitated polyphenols are responsible for their 

remarkable antioxidant activity (Prasad et al., 2008; 

Gulcin et al., 2010). Flavonoids are known to be 

synthesized in response to microbial infections and 

have been found to act as effective antimicrobial 

agents against a wide range of microorganisms. 

Also, flavonoids have anti-inflammatory and 

antimicrobial properties (Kamaraj et al., 2020). 

Terpenoids are one of the compounds responsible for 

the fragrance of plants containing isoprene units. 

They are potent against various bacteria, viruses and 

protozoa (Cowan 1999). Saponins are known for 

their anti-inflammatory, anticancer, and antioxidant 

properties (Arulmozhi et al., 2018; Tambe et al., 

2021). Similarly, phytochemicals such as alkaloids, 

flavonoids, and glycosides have been found to be 

associated with medicinal uses for centuries for their 

biological activities, including anti-inflammatory, 

antioxidant, anticancer, and antimicrobial (Dash et 

al., 2017). The quantitative analysis of 

phytochemicals resulted in a high occurrence of 

flavonoids, followed by phenolics and tannins. 

Literature reported that phenols have been found to 

possess antioxidant activity for their redox 

properties (Farag et al., 2020), which might have 

contributed to the antioxidant properties of the 

ethanolic extract in the present study. All these 

phytochemicals that were detected in the ethanolic 

extract of A. indica might have contributed majorly 

to the anti-bacterial activities of this medicinal herb 

in the present study. 

The work showed the anti-oxidative properties of the 

leaf extracts, and it has been well observed that 

among the various plant constituents, flavonoids and 

phenols are considered as strong free radical 

scavenging compounds and thus termed as 

indicators of free radical scavenging activity.  DPPH 

radical scavenging activity is known to be the most 

appropriate procedure to assess the antioxidant 

activity of plant extracts by Abbas et al., (2021). 

Simultaneously, ABTS is another antioxidant assay 

that determines the radical scavenging nature of 

compounds. The anti-oxidant reacts with ABTS and 

transfers hydrogen atoms to ABTS, thus neutralizing 

the free radicals (Vivek et al., 2013). The ethanolic 

leaf extract of A. indica showed significant anti-

oxidative potential in terms of DPPH assay, where 

the maximum inhibition percentage by DPPH 

scavenging activity of ethanolic leaf extract of A. 

indica showed an IC50 value of 34.791 µg ml-1 

compared to standard ascorbic acid.  The same anti-

oxidative potential was also evident from the ABTS 

assay, where an IC50 value of 84.019 µg ml-1 was 

noticed. Previous studies have shown that ABTS 

scavenging activity is more precise and sensitive 

than DPPH. However, ABTS is insensitive to pH, 

which makes it more viable than DPPH, which is 

pH-sensitive. Additionally, ABTS dissolves both in 

aqueous and organic solvents, while DPPH is 

soluble only in organic solvents (Gaber et al.,, 2021). 

Medicinal plants rich in phenolic compounds 

possess various biological activities, including 

antioxidant, anticancer, and anti-inflammatory 

activities (Asraoui et al., 2021). It is well known that 

plants produce ROS during various environmental 

stress conditions (Cao et al., 2019), where 

antioxidants can block the action of free radicals, 

which have a role in the pathogenesis of various 

diseases. 

Histochemical localization assists in tracking 

different bioactive phytoconstituents for the tissue-

specific extraction of foliar parts of medicinal plants. 

Alkaloids were detected by staining the sections with 

Wagner’s reagent. The presence of alkaloids, as 

observed in trichomes, might be associated with the 

self-defense of plants against herbivory. Lignin, 

located in the cell walls of sclerenchyma tissue and 

xylem vessels, has been found to be important in the 

structural support of plants (Gangaram et al., 2020). 

Phenolic compounds stored in trichomes are 

released during damage. The antioxidant property of 

phenols can protect plants against bacterial infection 

by preventing the production of reactive oxygen 

species (Munien et al., 2015). The phenolic 

compounds in plants' epidermal cells act against 
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pathogen invasion and herbivory (Souza et al., 

2017). Histochemical study and phytochemical 

analysis facilitated the localization and presence of 

phytoconstituents in trichomes and different tissues 

of plants. The terpenoid deposition in the trichomes 

and xylem vessels showed positive reactions of 

lipophilic compounds in other plant tissues, 

enhancing the plant defense mechanism (Boix et al., 

2011). Tannins located in trichomes have been 

identified by staining with FeCl3 (Muravnik and 

Shavarda, 2012). Literature shows the abundant 

presence of phytochemicals in xylem (Badria et al., 

2019).  

The present study found that the organic solvent 

extracts exhibited anti-bacterial activity against the 

tested bacteria. This may be due to the ability of 

organic solvents to dissolve organic and active 

antimicrobial compounds efficiently (Gupta et al., 

2016). The antibacterial activity may be due to the 

presence of phytochemicals such as glycosides, 

tannins, steroids, flavonoids, and saponins (Raja et 

al.,, 2013). Ethanol was considered the best solvent 

for plant yield (Alghamdi et al., 2019). The results 

confirmed that the extracts possessed inhibitory 

activity against both gram-positive and gram-

negative bacteria. The phytochemicals are regarded 

as antimicrobials depending on the MIC range of 

100-1000 mg ml-1 (Sivagnanasundaram et al., 2015). 

The highest inhibition zone of ethanolic and ethyl 

acetate extract was observed in E. coli ATCC 11229 

(25.66 mm and 24.66 mm, respectively). The 

ethanolic extracts showed better inhibition against 

other tested bacterial strains. Thus, the results 

showed that the extracts were more effective against 

gram-negative bacteria, as a similar study was 

reported where ovatodiolide, an important 

constituent of Anisomeles indica, showed strong 

inhibition against gram-negative bacteria, 

Helicobacter pylori (Lien et al., 2019). 

Gas chromatography-mass spectrometry (GC-MS) 

is a fundamental technique to identify the bioactive 

compounds present in the plant extract. It provides 

precision to phytochemical studies by identifying 

unknown compounds (Starlin et al., 2019). In the 

present study, GC-MS analysis identified 15 

compounds, of which 13 were found to have 

biological activities, and most of these compounds 

are known for exhibiting various pharmacological 

activities. As reported by Swamy et al., (2017) the 

highest antioxidant and antimicrobial activities 

could be due to bioactive compounds including 

hexadecanoic acid, phytol and squalene. Similarly, 

neophytadiene is effective because of its anti-

inflammatory, antimicrobial, and antioxidant 

properties. Squalene, a triterpene, has its role as a 

natural antioxidant. Previous investigations reported 

phytol as an important diterpene, known for its anti-

oxidant, anti-microbial, anti-cancer and anti-

inflammatory activities (Olivia et al., 2021). Phytol 

was observed to have antibacterial activities against 

Staphylococcus aureus by causing damage to cell 

membranes of the bacterium (Sermakani and 

Thangapandian, 2012). Literature shows squalene 

and γ-sitosterol possessing antibacterial and anti-

inflammatory properties (Adnan et al., 2019). 

Likewise, among the identified compounds, 

hexadecanoic acid, ethyl ester and hexadecanoic 

acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester 

exhibit pesticidal and antioxidant properties (Tyagi 

and Agarwal, 2016). Previous studies show that 

methyl glycocholate, 3TMS derivatives, as found in 

green coffee beans, are also known to act as 

antioxidants (Arsana et al., 2022). 3,7,11,15-

tetramethyl-2-hexadecen-1-ol has been found to 

have anti-inflammatory, antioxidant, and 

antimicrobial activities (Kumar et al., 2019). Based 

on the literature, these bioactive compounds may 

contribute to the pharmacological properties of the 

leaf extract of A. indica and can be further utilized 

for the synthesis of herbal medicine. 

Conclusion 

Phytochemical screening of the leaf extracts of A. 

indica confirmed that the extracts were rich in many 

phytochemicals. The extract's composition and yield 

varied depending on the solvent used for extraction.  

The ethanolic extract showed a higher number as 

well as the concentration of phytochemicals in 

comparison to ethyl acetate. The GC-MS-based 

analysis of the ethanolic leaf extract is of great 

significance for identifying various bioactive 

compounds that might have pharmacological 

properties and can be used in drug formulations. The 

data also indicated the extract as a potent antioxidant 

and antibacterial agent against both tested gram-

negative and gram-positive bacteria. The 

localization of the phytochemicals in the leaf 

sections through histochemical studies provided 

strong evidence for the presence of phytochemicals 

in varied tissues, making it easier for tissue-specific 

extraction of specific bio constituents. Based on 

these results, this study might provide helpful 

information for extracting and applying A. indica 

leaf parts and extracts in the food and 

pharmaceutical industries. 
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