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Summary
Introduction: One of the declining medicinal plant species is Coptis teeta Wall, found solely in eastern parts 
of India and China. The major chemical constituents present in the plant are berberine, pentadecanoic acid, 
copisine, palmatine, columbamine, epiberberine and jateorrhizine.

Objective: The aim of present study is screening the phytoconstitutes in methanolic extract of roots by 
GC-MS analysis and isolating the pentadecanoic acid, aligned with DNA gyrase subunit B protein target 
involved in bacterial infection by carrying out molecular docking.

Methods: Each concentrate of C. teeta was evaluated for antibacterial action by plate dissemination technique 
against gram-positive and gram-negative microorganisms. GC-MS was performed for the identification 
of various phytochemical constituents present in methanolic extracts of C. teeta. Out of various chemical 
constituents, pentadecanoic acid was isolated and characterised by IR, 1HNMR and MASS spectroscopy. 
The isolated pentadecanoic acid was screened against bacterial strains  such as Staphylococcus aureus, 
Staphylococcus epidermidis, Pseudomonas aeruginosa and Escherichia colihave shown good antibacterial 
activity. 

Results: Column chromatography was performed for separation and GC-MS showed the presence of 
pentadecanoic acid by a significant spot on methanolic extract, characterized by IR, NMR and MASS. The 
methanolic extract and isolated compound has shown good antibacterial activity. Protein-ligand docking 
was achieved between the protein PDBID: 1KZM and pentadecanoic acid which showed a good affinity 
indicating its potent inhibiting action. 
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Conclusion: In binding studies, ligand showed an interaction with amino acids residue His 170, Ala 140 and 
Ser 246 of 1KZM which indicated the inhibition of bacterial growth. 

Keywords: antibacterial activity, Coptis teeta, GC-MS, methanolic extract, pentadecanoic acid

Słowa kluczowe: działanie antybakteryjne, Coptis teeta, GC-MS, wyciąg metanolowy, kwas 
pentadekanowy

INTRODUCTION

The plant Coptis teeta Wall of family Ranunculaceae 
is  found in Himalayas, particularly Arunachal 
Pradesh, Sikkim, Bhutan, Tibet, and Nepal and 
enlisted in the red data category as threatened species 
[1, 2]. The Eastern Himalayas have 1748 varieties of 
medicinal plants of which 112 are at risk of extinct 
[3]. It has beenused by Mishmi tribes in the treatment 
of malaria, dysentery, and insect bites [4].
	 The main constituents of C. teeta Wall are berbe
rine, epiberberine, pentadecanoic acid, copisine, 
palmatine, colmbamine, jateorrhizineare present in 
roots [5, 6, 7]. Phytochemicals present in the C. teeta 
may produce an attractive, effective, and holistic drug 
reaction against the pathogens present without any 
side effects, so we are screening effectiveness against 
pathogenic microbes [8]. Based on traditional uses, 
methanolic extract and pentadecanoic acid were 
screened for efficacy against pathogenic microbes.
	 Molecular docking tool is used to design drug 
structures and for prediction of binding interactions 
between ligand and protein of 3-D structure which 
gives specific activity. The binding interaction and 
affinity helps define the behaviour of ligand in the 
binding site of protein to identify fundamental 
biochemical processes. Ligand-based drug design 
using the phytochemicals decreases the obscurity 
and enhances the process. The microbial effect is 
identified by the binding energies of the protein 
with pentadecanoic acid (phytochemicals of C. 
teeta).This leads to formation of new generation 
drugs against infection and multiplication of many 
pathogens.

MATERIAL AND METHODS

Collection of plant material

The Coptis teeta Wall plant was gathered from nearby 
advisor of Arunachal Pradesh and verified by Dr. P. 

E. Rajashekharan, Principal Scientist, Indian Institute 
of Horticultural exploration, Bangalore.

Extraction of pentadecanoic acid from roots of 
C. teeta

The roots of C. teeta were washed properly, dried 
in shadow and powdered. The powdered root was 
extracted by different solvents by maceration. After 
defatting with n-hexane, the powder was successively 
extracted with di-ethyl ether, ethyl acetate, and 
methanol. All the extracts were further filtered with 
Whatman filter paper No. 21, and concentrated at 
40°C by rotary evaporator [9].

Preliminary phytochemicals analysis

The solvent extracts underwent preliminary phyto
chemicals analysis by the standard procedures [10].

GC-MS examination of methanolic extract

GC-MS was performed with an Elite-1 (100% dimethyl 
poly siloxane) 30 × 0.25 mm ID × 1 miniature m of 
slim column. The oven temperature rose to 300°C at a 
rate of 10°C min-1, and then maintained for 6 minutes. 
The sample was injected in split mode as 10:1 with 
helium as the carrier gas with flow rate of 1 ml/min. 
A 70 eV mass range with an output timespan and 
running 45–450 Da. The dissolvable postponement 
was 0 to 2 min and the all-out GC-MS was 36 min. 
Mass unearthly reach was set at 45 to 450 (m/z).The 
mass identifier utilized during this examination was 
Turbo Mass Gold-Perkin Elmer rendition 5.2. The 
identification of compounds from spectral data was 
based on available mass spectral records [11].

Isolation of pentadecanoic acid

At first, hexane was eluted in quite a while for right 
dispersion of enacted test in the section and a short time 
later eluted with two dissolvable blends with expanding 
request of extremity. The column elution was started 
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with hexane, ethyl acetate and methanol combinations 
and solvents were gathered in 50 ml parts.
	 Pattern of column elution was hexane, hexane: 
ethyl acetate 7:3, ethyl acetate, ethyl acetate: 
methanol 5:5 and methanol.
	 From the above elution process, the fractions were 
pooled according to their versatile stage polarity and 
low yield fractions were discarded. Then, the ethyl 
acetate: methanol: 5:5 dried fraction was processed 
for purification through column chromatography.

Column chromatography purification of ethyl 
acetate:methanol 5:5

a)	 Adsorption of sample on silica gel
	 The ethyl acetic acid derivation: methanol 5:5 
dissolvable division was adsorbed on dry silica and 
the adsorbed test was saved for complete drying and 
later utilized for section elution.
b)	 Loading of column (wet packing)
	 Column was packed with silica gel slurry of 
mesh size 200–400 with chloroform. On top and 
bottom of column loaded with cotton, to avoid any 
disturbance to the sample bed.
c)	 Elution of the column
	 Initially, chloroform solvent was utilized for right 
distribution of activated sample in the column and 
followed by mixture of solvents with increasing order 
of polarity. Fractions were collected in 15 ml portions.
d)	 Evaporation of fractions
	 TLC profiles of chloroform: methanol 7:3 eluted 
fractions were dried under reduced pressure and 
subjected for preparative TLC for purification.
e)	 Preparative TLC of chloroform: ethyl acetate 7:3 	
	 fractions
	 After TLC separation, the plate was observed 
under UV light; a yellow fluorescent band was 
observed and scrapped off. The yellow band was 
eluted with methanol and centrifuged. The solvent 
was collected, dried and checked for purity by TLC 
and conformed by spectral analysis i.e., IR, MASS, 
&1H NMR for structural elucidation.

Evaluation of antibacterial activity

The strains of bacteria are Staphylococcus aureus and 
epidermidis, Pseudomonas aeruginosa, and Escheri­
chia coli.
	 The dried extracts of C. teeta and isolated 
pentadecanoic acid were dissolved in a suitable 
solvent like DMSO (di methyl sulphoxide). This disc 
diffusion was followed for antimicrobial activity of 
the extract. The agar gel was the inoculation medium 
for the suspension of the microorganisms. For the 

determination of activity, each microorganism was 
inoculated at an optimum concentration of 106 

colonies forming units per ml. The sterile disc (6 mm) 
was impregnated with 20 μl of the extract solution and 
dried at room temperature for the assay; DMSO was 
used as a negative control. Later, it was incubated for 
24 hours at 37°C; zone of inhibition was determined 
by estimating the width of the zones in millimeters. 

Molecular docking

Protein/macromolecule

In the present study, a 3D structure of protein with 
PDB ID:1 KZM was extracted from RSPDB. The 
protein 1 KZM has a monomeric crystal structure 
having a chain composed of 308 amino acids with 
resolution of 2.00 A. The active site of the receptor 
was reported in the study of protein [12], and was 
used to analyse the docking evaluation results.

Ligand

The pentadecanoic acid from C. teeta was selected 
as ligand and structure was drawn in 3D Chem 
Draw and saved into pdb file format using Biovia 
Discovery Studio Visualizer.

ADMET analysis

To estimate drug likeness property, a web-based tool 
named SWISS ADME (https://www.swissadme.ch/)
was applied. The Lipinski’s rule of five parameters 
helps check the physiochemical parameter. For 
a molecule, to qualify as ligand log P <5, <500Da 
molecular weight, H-bond acceptor lower than 10 
and H-bond donor lower than 5 are needed. Any 
compound with two or more violations is ruled out.

Docking software–Autodock 4.2

The Autodock involves addition polar hydrogen 
atoms to electronegative particle like oxygen and 
nitrogen with the assistance of Gasteiger charges.
The charges are calculated inside the dynamic site of 
protein. A grid of three-dimensional size (60x60x60) 
was prepared over the particular ligand. The 
conformation with the lowest energy was processed 
depending on its binding energy and hydrogen 
bonding interaction. Pymol and Discovery studio 
were used for analysis of docking studies.

	 Ethical approval: The conducted research is not re­
lated to either human or animal use.
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RESULTS AND DISCUSSION

Herbal medicine plays a substantial role in treatment 
of various curable and non-curable diseases. 
For thousands of years, indigenous people have 
knowledge about the herbs and their therapeutic 
effect. Various phytochemicals screenings of hydro-

alcoholic fractions, such as alkaloids, glycosides, 
carbohydrates, organic acids, phenolic compounds, 
reducing sugars, saponins, starch, terpenoids, tan
nins as shown in table 1 and the phytocompounds 
detected in roots of C. teeta by GC-MS analysis 
are given in table 2. The chromatogram (fig. 1) of 
GC-MS analysis showing peaks of the number of 
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Figure 1.

	 GC-MS chromatogram of the methanol extract of rhizomes of Coptis teeta

Phytochemical 
constituents Test Methanol Ether Ethyl acetate

Alkaloids

Mayer’s test – + +

Dragondroff ’s test + + +

Wagner’s test + + +

Carbohydrates

Molish’s reagent – + +

Fehling’s reagent – + –

Barford’s test – – –

Flavonoids – – –

Tannins
Lead acetate solution + + +

Gelatin solution – – –

Saponin Foam test + + –

Glycoside Keller-Killani test + – –

Alcohol

Ceric Ammonium 
Nitrate test

– – –

Sodium metal test + + –

Iodoform test – + –

Fats Spot test + – +

Table 1.

Phytochemical screening of roots of Coptis teeta

Present: + Absent: –
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compounds from the GC fractions of the methanol 
extract of rhizomes of C. teeta is represented in 
figure 3. In this observation, presence of 7 different 
bioactive compounds, namely, acetic acid, 7-[β-D-
ribofuranosyl] imidazo[4,5-D] [1,2,3]-triazin-4-one 
(2-azainosine); oxalic acid, 2-ethylhexyl hexyl ester; 
heptacosanoic acid, methyl ester; pentadecanoic acid; 
octadecanal; and 7-hydroxy-3-(1,1-dimethylprop-2-
enyl) coumarin were identified as major compounds. 
Table 1 shows reported biological activities of these 
identified bio-compounds.

Isolation

Investigation of the methanol root extract of C. 
teeta led to different chemical constituents. Iden
tification is established by UV spectroscopy which 
was carried out in TLC gave spots at 254  nm 
and 360  nm in Figure 2, whereas in column 
chromatography the spot was found at 254 nm in 
Figure 3. Characterization was processed by IR, 
NMR and MS methods of spectroscopy in which 
IR gave values of 2916.87 cm-1(–C=O), 2849 cm-1 

(C-H), 2954 cm-1 (O-H); NMR spectrum 2.07, 
TandMass spectrum 242.39 m/z.

Antibacterial activity

The antibacterial activities of three extracts  and 
pentadecanoic acid were carried out against Stap­
hylococcus aureus & epidermidis, Pseudomonas 
aeruginosa, and Escherichia coli. The results (tab. 
3) were measured with a paper disc diffusion assay 
(100 µg/ml). Pentadecanoic acid more significantly 
inhibited the growth of Staphylococcus epidermidis 
with inhibitory diameter of 23 mm, followed by 
Pseudomonas aeruginosa 22 mm, Staphylococcus 
aureus 20 mm and moderately inhibited Escheri­
chiacoli 19 mm compared to other extracts.

Molecular docking

It is confirmed by docking studies thatthe docking 
score of pentadecanoic acid is –5.76, 1 hydrogen bond 
donor, 2 hydrogen bond acceptors and 13 rotatable 
bonds. Different types of interactions (fig. 4, fig. 5) 
were seen such as conventional hydrogen bonds, 
Vander Waals, alkyl and pi-alkyl. His 170, Ala 140 
and Ser 246 formed conventional hydrogen bonds 
with carboxylic group of pentadecanoic acid Phe41, 
Phe221, and Phe179 formed pi-alkylbonds [13].

Table 2.

	 Phytocomponent detected by GC-MS analysis in roots of methanolic extract of Coptis teeta

Sl.No Compound name Molecular 
weight

Molecular 
formula Activity Area [%] Rt [min.]

1. Acetic acid 60 C2H4O2
Used of metal 

acetate 11.115 6.635

2.
7-[β-D-ribofuranosyl] 
imidazo[4,5-D] [1,2,3]-triazin-4-
one(2-azainosine)

269 C9H11O5N5
No activity 

reported 6.570 17.445

3. Oxalic acid, 2-ethylhexyl hexyl 
ester 286 C16H30O4

Reducing 
agent used as 

a laundary rinse
15.375 17.990

4. Heptacosanoic acid, methyl ester 424 C28H56O2
Role as a plant 

metabolite 11.094 18.625

5. Pentadecanoic acid 256 C16H32O2

Plant metabolite 
and food 

component
60.41 19.760

6. Octadecanal 268 C18H36O
Several species 

of insects as 
a sheromone

100.00 20.996

7. 7-hydroxy-3-(1,1- dimethylprop-
2-enyl) coumarin 230 C14H14O3

No activity 
reported 2.044 26.988
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Figure 3.

Isolated spots from column chromatography: UV (254 nm); iodine; α-naphthol reagent spray (mobile phase- chloroform: 
ethyl acetate (6:4 v/v)

Figure 2.

	 Isolated spots from preparative TLC: UV (254 nm); UV (360 nm); iodine; α-naphthol reagent spray

Figure 4.

	 Snapshot of drug receptor interaction of pentadecanoic acid and predicted binding mode of compound into the 
catalytic site of 1KZM
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Table 3.

	 In-vitro antibacterial activities of the extracts and isolated pentadecanoic acid

Zone of inhibition in mm 

Gram (+) bacteria Gram (–) bacteria

Extracts Staphylococcus aureus Staphylococcus 
epidermidis

Pseudomonas 
aeruginosa Escherichia coli

Ether 29(9.2) 28(9.2) 26(9.8) 22(9.6)

Ethyl acetate 21(10.1) 21(14.3) 21(11.2) 21(11.1)

Methanol 21(9.9) 24(10.1) 23(10.7) 20(10.5)

Pentadecanoic 
acid (isolated) 20(9.4) 23(9.6) 22(10.2) 19(9.9)

Ciprofloxacin 25 25 27 27

DMF – – – –

Antibacterial activity and molecular docking study of Coptis teeta

Figure 5.

	 Snapshot of drug receptor interaction: 1KZM

CONCLUSION

We have extracted C. teeta with methanol, ether and 
ethyl acetate. We performed GC-MS analysis which 
revealed the presence of many bioactive compounds 
including acetic acid, 7-[β-dribofuranosyl]imidazole 
[4,5-D][1,2,3]-triazin-4-one(2-azainosine), oxalic acid, 
2-ethylhexyl ester, pentadecanoic acid, methyl ester, 
n-hexadecanoic acid, octadecanal and 7-hydroxy-3- 
(1,1-dimethylprop-2-enyl)coumarine. Among these, 
pentadecanoic acid shows good antimicrobial 
activity against E. coli. The compounds were isolated 
from methanolic extract of C. teeta by thin layer 
chromatography and column chromatographic 

technique. The methanolic extract showed signi
ficant spots in the TLC having a good number of 
active constituents.
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