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The urgent need to search for new anti-TB drugs that are safer and efficient against drug resistant TB have turned 
towards natural medicine as they contain active ingredients capable of combating the epidemic. Medicinally important plant 
Vitex negundo L. has various health benefits such as anti-inflammatory, hepatoprotective activity and others. However, 
knowledge on exact compound(s) responsible for anti-TB activity is limited. In this study, partially purified petroleum ether 
extract of Vitex negundo leaves were assessed for its anti-tuberculosis and anti-biofilm activity against Mycobacterium 
smegmatis. Minimal inhibitory concentration of the active fraction was assessed by REMA assay (MIC > 12.5 μg/mL) and 
time-kill assay (67% inhibition). Anti-biofilm activity was assessed using crystal violet assay (~6.20 μg/mL). Possible 
compounds from the bioactive fraction were identified using FT-IR and GC-MS analysis displayed presence of classes like 
terpenoids, flavonoids and alkaloids. These compounds were subsequently docked against cell-wall proteins KasA, MabA, 
FabD and HadAB of Mtb showing HIT 3 was effective in the interaction with all targets. Molecular dynamic simulation of 
Hit 3 demonstrated a stable interaction with all the target proteins and can be considered as a starting point for developing 
new drug candidates or as an adjuvant against TB infection.  

Keywords: Bacterial disruption, GC-MS analysis, Molecular dynamic simulation, Mycolic acid synthesis proteins,  
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More than one quarter of the world population is 
estimated to be infected with tuberculosis (TB) that is 
caused by the organism Mycobacterium tuberculosis 
(Mtb) as quoted by World Health Organisation 
(WHO) Tuberculosis report. It is the most successful 
single infectious agent to achieve morbid rates above 
HIV/AIDS1. The speciality of the organism is its 
exquisitely well adapted nature, passing through the 
innate immune system and enduring in the host with 
no symptoms until a strong inflammatory response is 
triggered resulting in significant tissue damage and 
spread2.Comprehending the life cycle of Mtb is 
crucial in the development of drugs to combat the 
epidemic. 

Initial TB spreading happens when Mtb enters the 
respiratory tract of the individual. Here, Mtb is 
encountered with alveolar macrophages and dendritic 
cells for successful phagocytosis. Additionally, traces 
of neutrophils performing phagocytosis in many cases 
have been observed. The organisms that escape this 

initial encounter infects and replicates in the alveolar 
macrophages. A granuloma is developed by signaling 
other immune cells to form a cellular aggregate.  
This is a core pathological marker for TB3. Stress 
conditions such as low oxygen and nutrient 
availability, created in granuloma, may sometimes 
force the organism to go dormant or survive and resist 
immune clearance. The intrinsic adaptation of  
Mtb to replicate inside a macrophage, inhibit 
phagosome maturation and subvert the production of 
pro-inflammatory cytokines have also rendered 
advantageous for disease progression4. 

The complexity of the disease can be attributed to 
the multifaceted mechanism that promote survival in 
adverse conditions. This includes the nearly 
impermeable cell wall composed of hydrophobic 
mycolic acid units that hinder the diffusion of drugs 
or any hydrophilic substances across them. 
Additionally, some actions like enzymatic target 
modification, improved efflux pump action, gene 
mutation for drug inactivation, drug target over 
expression, molecular chaperon activity5etc., to evade 
the immune response and develop resistance to the 
administered drug. It has been identified in many 
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studies that the organism is an excellent bio-film 
former which predominantly explains the prolonged 
treatment time6.The raise of MDR-TB(Multi-drug 
resistant TB) and XDR-TB(Extreme-drug resistant 
TB) has complicated the situation and extended the 
treatment period upto 20 months and requires use of 
highly toxic, expensive and relatively less effective 
second line drugs7. However, the success in treating 
MDR and XDR-TB have rendered low so far.  

To overcome the above discussed hurdles, there is 
an urgent need of an alternate therapy that can be less 
toxic but has improved efficiency. Despite the success 
of natural compounds such as nicotinamide (basic 
compound for isoniazid) and rifamycin (basis for 
rifampicin) and some second-class antibiotics that 
also include natural compound derivatives, many 
natural compounds are still unexplored as anti-TB 
agents except a few herbal formulations prescribed in 
Ayurvedic and Chinese medicine. Interestingly, no 
new biological compound has been commercialized 
since the discovery of rifampicin8. However, the FDA 
has approved a list of natural products derived drugs 
for treatment of TB and associated diseases that are 
yet to make it to the market9. This gives scope 
forexploring plants further based on their 
ethnobotanical usage to identify new compounds to 
treat TB.  

Vitex negundo L. (Lamiaceae) referred as Vn in 
this study, is a traditional plant known as five-leaved 
chaste tree for its diverse medicinal uses found across 
Asia, North America, Europe, and the West Indies. 
This plant’s parts are rich in various bioactive 
compounds like lignans, iridoids, terpenes, 
flavonoids, and steroids. It is credited with intense 
hepatoprotective, anti-inflammatory, antioxidant, 
antidiabetic and antimicrobial benefits. It also plays a 
role in regulating apoptosis and cell cycle 
regulation10. The involvement of phytochemicals from 
Vn in treating internal injuries, bronchitis, asthma, 
oral ulcers, rheumatism by formulation of decoctions 
and pastes11 have further drawn attention towards 
exploring the effect of Vn in treating tuberculosis. 

Mycobacterium smegmatis (M. smegmatis), a non-
pathogenic fast-growing mycobacterium with genetic 
makeup that can be closely related to Mtb in terms of 
drug susceptibility pattern, is studied. Screening 
phytochemicals against Mtb can be an aseptically 
rigorous process with concern to its extremely 
infective, slow growing (generation time 14-24 h)  
and deadly nature12. This slow growing – highly 
pathogenic nature of Mtb has also slowed down the 

progress of anti-TB drug discovery. Hence, 
preliminary drug screening is generally done in M. 
smegmatis. 

Recently, approaches where targeting more than 
one protein to certainly overpower the organism are 
being undertaken widely13. The fatty acid synthase 
(FAS) system I and II, equally contribute in synthesis 
and elongation of fatty acid units in Mtb. Among 
them, four discrete proteins that are central point for 
mycolic acid synthesis are chosen for this study, 
namely KasA, MabA, HadAB and FabD. The 
inactivation of any of the four enzymes in the 
complex has been proven to greatly hinder the process 
of mycolic acid synthesis14. Hence these proteins 
might be marked as ideal drug targets. HadAB 
complex performs action similar to KasA by synthesis 
and elongation of early mero-mycolic acid. HadBC 
complex performs action like KasB which is the 
elongation of medium size mero-mycolic acid units. 
FabD serves as a branching point between KasA/B 
and HadAB15. 

This study aims in screening organic extracts of 
Vitex negundo L. against M. smegmatis to identify 
compounds with potential anti-mycobacterial 
properties. The partially purified fraction of Vn is 
assessed by various parameters such as resazurin 
microtiter assay (REMA), minimal inhibitory 
concentration (MIC) determination, time-kill assay 
and anti-biofilm assay, to determine its anti-TB 
activity. The fraction showed commendable anti-TB 
activity suggesting its potential as a starting point for 
developing a therapeutic agent. To further validate its 
efficacy, in silico analysis of the compounds against 
important protein targets of Mtb that are involved in 
cell wall synthesis were performed. 
 

Materials and Methods 
 

Sample collection and serial extraction 
Vitex negundo leaves were collected from Vellore 

region during August-September and identified by  
Dr. C. Rajasekaran, professor (Botanist) at Vellore 
Institute of Technology. A specimen bearing the 
voucher number VITMN066-1 was preserved in the 
VIT herbarium. The plant used in this study is neither 
endangered nor protected species. 

The leaves were washed with deionised water and 
dried under shade. Dried leaves were ground to fine 
powder and stored under dry condition. 20 g of 
powdered plant sample was extracted using Soxhlet 
method with various solvents of increasing polarity 
viz, petroleum ether, chloroform, ethyl acetate and 
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methanol to their heating point for about ~20 h each16. 
The obtained crude mixtures were filtered and 
concentrated by distillation and stored for further 
analysis. The crude was tested against M. smegmatis 
at ~1mg/mL concentration, using agar well diffusion 
assay. Positive control was rifampicin 5 µg and the 
respective solvents maintained as negative control. 
The inhibitory activity of the crude extracts was 
determined qualitatively by observing the zone of 
inhibition in terms of mm in diameter. 
 

Bacterial culture 
The M. smegmatis culture (MTCC 6) was 

commercially acquired from Microbial Type Cell 
Culture (MTCC), Chandigarh, India. The bacteria 
were maintained in 37°C after culturing in 
Middlebrook 7H9 medium, supplemented with 0.5% 
glycerol and grown in a shaker incubator at 37°C at 
120 rpm until optical density (OD600) reaches 0.817. 
 

Phytochemical analysis 
Phytochemical analysis for bioactive petroleum 

ether extract of Vn was done based on results from 
agar well diffusion assay as described by18 with slight 
modifications and the results are included in (Suppl. 
Table 1). 
 

Extraction and fractionization of bioactive compounds 
The bioactive petroleum ether extract was 

subjected to column chromatography. Briefly,  
20 grams of petroleum ether extract was evenly 
packed on to a vertical glass column with silica gel 
(60-120 mesh). Fractions were collected at the rate  
of 1 mL/min and fractions with sameretention factor 
(Rf) values and UV-spectrophotometric profiles were 
pooled. The crude sample and fractions were 
separately subjected to TLC (Merck, F254) with 
solventsxylene: dichloromethane in the ratio 0.5mL: 
4.5 mL for petroleum ether crude extract. For column 
fractions collected, best separation was seen with 
petroleum ether: chloroform in the ratio 1mL: 4mL in 
developing chamber. The bands were visualised under 
UV (254 nm and 360 nm) and Rf values were 
calculated19. 
 

Contact bioautography 
Plates pre-seeded with M. smegmatis grown in 7H9 

medium supplemented with glycerol were prepared 
and fractions in TLC plates were allowed to develop 
in corresponding solvent systems. The TLC plates 
were allowed to dry and then placed face-down on the 
surface of agar. The TLC sheets were removed after 
40 m and the plates were sealed and incubated at 
37°C for 48 h20. The bioactive fraction showing anti-

TB activity was inferred by formation of clear zone 
around the band. The Rf value of the corresponding 
band was determined. 
 

Ultra performance liquid chromatography 
Ultra Performance Liquid Chromatography 

(UPLC) analysis of active fraction was performed as 
described by21 with modifications. UPLC was done 
using Acquity-H class equipped with PDA detector 
instrument equipped with C18 column (particle size 
2.5 µm, column length 150 mm). Mobile phase used 
was methanol (B) and 1% acetic acid (A). 50 µL of 
sample was passed through C18 column and fractions 
were collected at rate of 1 mL/min. The temperature 
of the setup was ~30°C. Detection was done using 
UV detector with range set to 200 nm – 800 nm. All 
the samples and solvents were filtered prior analysis. 
The gradient system was as follows: 0-10 m – 25% B; 
10-20 m – 50% B; 20-30 m – 75% B; 30-40 m – 
100% B with a total run time was 40 m. 
 

Fourier transform infrared spectroscopy 
The bioactive fraction collected from UPLC 

designated as VnPeF1, was subjected to Fourier 
transform infrared spectroscopy (FT-IR) analysis on 
Jasco FT-IR/FT-NIR-6800 spectrometer. Sample was 
analysed in attenuated total reflection (ATR) mode.  
A resolution of 4 cm-1 and a scanning range of 500 to 
4000 cm–1 was set. Resulting peaks were compared to 
literature for identification of potential functional 
groups22. 
 

Resazurin microtiter assay 
The REMA assay, as outlined by23 was used to 

ascertain the minimum inhibitory concentration 
(MIC) of VnPeF1 against M. smegmatis. The wells 
were filled by dispensing 80 µL of Middlebrook 7H9 
broth into of a 96-well plate. FractionVnPeF1was 
dissolved in DMSO and serially diluted from  
100 µg/mL to 0.2 µg/mL concentration. 50 µL of this 
serially diluted compound fraction was added into the 
wells. An untreated control was maintained to assess 
the growth devoid of any treatment. Positive control 
used was 5 µg rifampicin and negative control used 
was DMSO. The experiment was performed in 
triplicates, sealed and incubated for 48 h at 37°C. 
After incubation, 20 µL of 0.04% (0.04 g in 100 mL) 
resazurin dye was freshly prepared and added in all 
the wells and further incubated for 24 h. A change in 
colour from blue to pink indicated bacterial growth. 
MIC can be regarded as the minimum concentration 
of drug required to inhibit bacterial growth indicated 
by preventing the colour change in resazurin solution. 
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In vitro time-kill assay 
Time-kill assay was conducted with modifications 

from24 M. smegmatis was cultured overnight in 7H9 
media at 37°C and let to grow until it reached log 
phase. VnPeF1 was prepared by double dilution 
method similar to REMA assay (100 μg/mL to  
0.2 μg/mL) and added to 96-well microtiter plates in 
triplicates, along with 5 μg/mL rifampicin (positive 
control). A 30 μL of bacterial inoculum was added to 
all wells and incubated overnight at 37°C. At specified 
time points (0, 2, 4, 6, 8, and 24 h), the bacterial 
population was quantified by measuring OD at 600 nm. 
A simultaneous negative control and an untreated 
control were also maintained. The percentage reduction 
from the initial microbial population was calculated for 
each time point to assess the effect of the extract, using 
the formula as given below; 
 

Percentage growth inhibition= 
Mean OD of control-Mean OD of test

Mean OD of control
×100  

 
 

Biofilm inhibition assay 
The ability of VnPeF1 to inhibit biofilms was 

tested against M. smegmatis, a known biofilm-former. 
The experiment was done as described by25 with 
slight modifications. A 60 µL M. smegmatis inoculum 
was added to a 96-well microplate, followed by the 
addition of various concentrations of VnPeF1 starting 
from 100 µg/mL to 0.78µg/mL by double dilution 
method. A positive control (rifampicin 5 µg) and a 
negative control (culture, samples, broth, and solvent) 
were maintained simultaneously. The plates were 
incubated at 37°C for 48 h in stationary condition to 
induce biofilm formation. The culture was drawn out 
from the wells after 48 h and plate was washed with 
distilled water twice to remove planktonic cells and 
allowed to dry. The biofilm was then stained with 
0.1% crystal violet solution (250 µL) and allowed to 
stand for 20 m. The plate was washed with distilled 
water and dried. 95% ethanol was added to dissolve 
the biofilm and allowed to stand for 20 m. The 
amount of bound crystal violet was measured using a 

plate reader (Agilent technologies) at OD595 nm to 
determine the biofilm biomass. The percentage of 
biofilm inhibition was calculated using the same 
formula as given below; 
 

Percentage biofilm inhibition=
Mean OD of control-Mean OD of test

Mean OD of control
×100  

 

Gas chromatography-mass spectrometry analysis 
Gas chromatography Mass spectrometry (GC-MS) 

analysis is done to identify small molecules and 
volatile compounds at high accuracy from plant 
samples. GC-MS analysis was done at the Central 
Instrumentation Facility of the Indian Institute of 
Science (IISc), Bangalore, India. The instrument setup 
included a Shimadzu gas chromatograph (GC) 
equipped with an Agilent 7890 A system and a mass 
spectrometer (MS) with a 5975C detector. The MS 
operated using electron impact ionization, and the mass 
analyser employed a quadrupole configuration. The 
chromatographic column was an HP 5 MS column  
(30 m length × 0.25 mm inner diameter × 0.25 μM film 
thickness). The temperature program involved an initial 
ramp from 0°C to 400°C over 2 m, followed by a hold 
at 310°C for 10 m. Helium served as the carrier gas 
(flow rate: 1.0 mL/min). Sample injection volume was 
10 μL, and the scan mass range covered 200 m/z to  
400 m/z in positive polarity. The unknown compound’s 
mass spectrum was compared with known compounds 
in the NIST library (National Institute of Standards and 
Technology, USA) at IISc, Bangalore, India26.  
 
In silico analysis 
 
Ligand and protein preparation 

The three-dimensional proteins structures were 
retrieved from PDB (https://www.rcsb.org/) after 
checking for resolution, missing residues and 
mutations. All the structures obtained had a resolution 
of about 2 Å with no mutations. The active sites of the 
proteins were identified from literature13. The PDB ID 
of the proteins considered for this study are included 
in (Table 1). 

Table 1 — PDB ID and function of proteins considered in this study 

S.no. Name Function PDB ID 

1 KasA/B Beta keto acyl ACP synthase Synthesis and elongation of mero- mycolic acid 
fragments 

2WGE 

2 MabA Beta keto acyl reductase Reduction of B-keto acyl ACP 1UZL 

3 FabD Malonyl CoA Acyl carrier protein transacylase Branching point between FAS-I and FAS-II  
system 

2QC3 

4 HadAB Beta ketoacyl ACP dehydratase Catalysis of initial mero-mycolic acid chain 
elongation 

4RLW 
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Virtual screening 
The compounds predicted from GC-MS analysis of 

VnPeF1 were obtained from PubChem database in sdf 
format and converted into pdbqt format using 
openbabel 3.1.127. The compounds were subjected to 
fast rank screening using AutoDock Vina 1.1.228. Grid 
box was formed focusing on the active sites of 
proteins obtained from literature. The protein 
complexes that had highest binding affinity were 
filtered and taken for exhaustive docking. All the 
compounds used in this study were passed through 
Lipinski’s filters and ADMET filters using DruLito 
server and DataWarrior application29.  
 
Exhaustive docking 

Molecular Docking was done with AutoDock 
4.2 for the compounds based on its binding energy 
and interaction sites. Exhaustive docking for  
100 iterations with the grid parameters maintained the 
same as virtual screening was done. Results were 
analysed in Discovery studio visualise for binding 
affinity, poses and interaction with the key residues. 
The most prominent hit in terms of interaction and 
binding energy were further subjected to molecular 
dynamic simulation28. 
 
Molecular dynamic simulation 

In order to gain insights on the changes upon 
ligand binding to the protein, an atomic level analysis 
of the protein is done using molecular dynamic 
simulation (MDS). Hit compounds were simulated 
with the Mtb proteins (FabD, HadAB, MabA and 
KasA) along with apo-proteins, in Gromacs version 
2023.130. Protein topology was created using 
Charm27 and ligand topology was obtained from 
SwissParam server31. The protein was situated in a 
cubic box with a 1 cm dimension and solvated using 
SPC (simple point charge). The simulation conditions 
included a 0.15M NaCl concentration, 1.0 bar 
pressure, and a constant temperature of 300 K. Energy 
minimization of 50,000 steps were done. The 
simulation was set for 100 ns and the analysis was 
done using Xmgrace. 
 

Results 
 

Serial extraction 
The petroleum ether extract and methanol extracts 

from serial extraction, had considerable activity 
against M. smegmatis in agar well diffusion assay. 
However, in this study, crude of petroleum ether 
extract was taken for further analysis, based on its 
excellent anti-mycobacterial activity as shown in 
(Table 2). The results obtained were compared to 
earlier studies where crude extracts of the plant as 
well as individual compounds identified from the 
plant have multiple advantages in breathing related 
ailments32.  
 

Phytochemical screening 
Petroleum ether extract of Vn was further assessed 

using a qualitative phytochemical analysis to detect 
the classes of possible compounds. The results 
displayed the presence of diverse range of 
phytochemical classes (Suppl. Table 1). Alkaloids, 
terpenoids, fats and fixed oils were prominently 
identified in the extract. Petroleum ether being a low 
polarity solvent, has the tendency to attract 
compounds with hydrocarbon rings and odd number 
carbon containing compounds.  
 

Purification using thin layer chromatography and column 
chromatography 

Thin layer chromatography was done in petroleum 
ether sample crude(VnPe) with solvents xylene: 
dichloromethane in ratio 0.5 mL:4.5 mL. Four bands 
with Rf values 0.084, 0.16, 0.3 and 0.4 were observed 
after development and drying (Suppl. Fig. S1).The 
limited movement of compounds from the initial 
point, suggests that the compounds can be highly 
polar in nature. The compounds of the Vn Pe  
extract were separated in isocratic method using 
column chromatography technique with xylene: 
dichloromethane as mobile phase. Fractions collected 
were categorised and pooled into 3 batches F1, F2 and 
F3 based on the UV spectrophotometric profiles and 
similarity in Rf values in TLC analysis. When 
subjected to anti-mycobacterial agar well diffusion 
assay, VnPeF1 was found to be the most active 

Table 2 — Antimycobacterial activity of various solvent extracts of Vitex negundo against M. smegmatis using agar well diffusion assay 

Plant name Extract Concentration Zone of inhibition  
(mm in dia) 

Positive control  
(rif 5 µg) 

Negative  
control 

Vitex negundo Petroleum ether 1 mg/mL 8.7±0.81 5.6 Nil 
Chloroform Nil 5.4 Nil 
Ethyl acetate 8.3±0.36 5.5 Nil 
Methanol 7.2±0.35 6.2 Nil 
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fraction while the other batches lacked any activity 
against M. smegmatis. 
 

Contact bioautography and UV spectrometric analysis of 
active fraction 

The bioactive fraction VnPeF1 was analysed 
further using TLC for detailed examination of 
compounds in the fraction in attempt to identify exact 
compound class that may be responsible for the anti-
mycobacterial activity of the particular fraction. The 
TLC of VnPeF1 fraction was done with solvents 
petroleum ether: chloroform in the ratio 1: 4. 

The sample VnPeF1 was analyzed using contact 
bioautography to narrow down the band that has bio 
activity. The F1 fraction was run in a TLC plate, dried 
and then inverted over a plate of agar pre-seeded with 
M. smegmatis. The results of contact bioautography 
showed that the first band of VnPeF1 had anti-TB 
activity. A clear zone was seen around the first band 
with Rf value 0.4. This fraction was designated as 
FB3 as highlighted in (Fig. 1). The part FB3, which is 
the active band of VnPeF1, was dissolved in methanol 
and analyzed using UV spectrophotometer with range 
set from 200- 800 nm. Upon drying, FB3 was a 
colorless and odorless amorphous solid. The 
compounds of FB3 showed an absorption maxima 
(λmax) at 219 and 246 nm (in methanol). The peak at 
around 246 nm suggests the presence of aromatic 
rings in the structure. 
 

Ultra performance liquid chromatography 
The fraction VnPeF1 was analysed using UPLC 

showed single most prominent peak at 33.7 retention 
time (Rt). Simultaneously, the active band FB3 
obtained from contact bioautography was also 
analysed in UPLC under the same conditions to 
compare the peaks appearing. Both the samples 
showed a single most prominent peak at 33 to 36 Rt 

with similar absorbance maxima at ~235 nm to  
245 nm. Hence the peak appearing at 33.7 Rt of VnPeF1 
and peak appearing at 36.5 Rt of FB3 samples can be 
considered to contain the same compounds. This 
fraction particularly showed inhibitory activity as 
observed in contact bioautography. Therefore, based 
on the observation the peak appearing at 33.7 Rt from 
VnPeF1was collected from UPLC and analysed 
further using FT-IR and GC-MS to identify the 
plausible active compounds and their functional 
groups. The UPLC chromatogram of VnPeF1 and 
FB3 are given in (Fig. 2). 
 

Fourier transform infrared spectroscopy 
FT-IR is a highly sensitive tool used for the 

identification of functional groups in any unknown 
plant extract. It helps in identification and structure 
determination of a molecule. FT-IR analysis of 
VnPeF1 revealed the presence of -OH stretch group 
indicated by a prominent broad strong peak at 3321 
cm-1, a weak peak at 2623 cm-1, aromatic overtones at 
the range 2355- 2198 cm-1, a medium intensity sharp 
peak at 1649 cm-1 suggests that aromatic ring is 
present in the structure. A weak peak in the area  
1388 cm-1 suggests the presence of nitrate ion 
conjugated with aromatic ring. The weak peak at 1016 
cm-1 indicates the presence of -C-O stretch and wide 
peak at 580 cm-1 suggests the presence of aromatic 
ring. The FT-IR chromatogram representation of 
VnPeF1 is given in (Fig. 3). 
 

Resazurin microtiter plate assay 
The MIC of fraction VnPeF1 was screened for anti-

tuberculosis activity using resazurin to indicate the 
viability of M. smegmatis in a 96-well plate. The MIC 
of the bioactive compound had a range from  
12.5 µg/mL to 100 µg/mL as shown in (Fig. 4). 
However, partial mycobacterial inhibition was also 
observed in some concentrations like 6.25 µg/mL and 
0.78 µg/mL identified by colour change after 24 h of 
incubation with resazurin. An intense blue to purple 
colour was observed from the wells with 
concentration 12.5 µg/mL upto 100 µg/mL confirmed 
the complete inhibition of bacterial growth effected 
by the compound. From the analysis, the MIC of the 
compound against M. smegmatis could be concluded 
as 12.5 µg/mL on comparison with untreated wells. 
 

In vitro time-kill assay 
Time dependent kill assay was carried out to 

identify the killing capacity of the extract VnPeF1. 
The bactericidal activity was observed to be  
highly  time  and  concentration dependent. Maximum  

 
 

Fig. 1 — Contact bioautography of column fraction VnPeF1
showing active band FB3 with anti-TB activity 
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inhibition of 67% was achieved at the concentration 
of 50 μg/mL after 8 h of incubation with  
the compound. Overall, the various concentrations  
of compound were seen to be most active  
in mycobacterial inhibitory activity at the 8 h. 
Regardless of the concentration, the compound 
behaved in a similar fashion until 6 h. But there was a 
sudden shift in activity at the 8 h in 50 μg/mL 
whereas the other lower concentrations such as  
12.5 μg/mL (50% inhibition), 6.25 μg/mL (46% 
inhibition) and 0.78 μg/mL (48% inhibition) also 
behaved in a similar pattern but with lower killing 
intensity. From the study, it could be clearly seen that 
50 μg/mLhad the maximum inhibitory activity against 
M. smegmatis. This is also in alignment with the 
results obtained from REMA assay where minimum 
inhibitory concentration was identified in concentrations 
as low as12.5 μg/mL. The time dependent killcurve of 
VnPeF1 against M. smegmatis is given in the (Fig. 5). 
 

Biofilm inhibition assay 
Biofilm inhibition was studied in a dose dependent 

manner where the maximum inhibition with statistical 
significance was observed at a concentration of 
6.25µg/mL showing 54% inhibition. However, higher 
concentrations of the compound did not affect the 

 
 

Fig. 2 — UPLC chromatogram showing of (A) VnPeF1; and (B) FB3 showing single most prominent peak of possibly similar compounds 
 

 
 

Fig. 3 — FT-IR data of active fraction VnPeF1 in ATR mode. 
 

 

Fig. 4 — anti-mycobacterial effect of active fraction VnPeF1
showing minimal inhibitory concentration at 12.5 µg/mL. Pink
wells represent absence of inhibition and blue wells represent
active bacterial inhibition. Experiments performed in triplicates 
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biofilm formation considerably as the growth of the 
organism itself at higher concentrations would be 
hindered. When the obtained values were compared 
with positive control (rifampicin 5 µg/mL), the 
partially purified extract, VnPeF1 showed better anti-
biofilm activity indicating the efficiency of lower 
concentrations of VnPeF1. However, there was no 
complete inhibition of biofilm formation at any given 
concentration. The anti-biofilm effect of VnPeF1 is 
shown in (Fig. 6). 
 

GC-MS analysis 
GC-MS analysis of VnPeF1 enabled the 

identification of various phytochemicals. The 
compounds predicted fell into main classes of 
alkaloids, anthraquinones, organosulfur, terpenoids, 
and flavone phytochemicals that show high biological 
significance. The chromatogram obtained from  
GC-MS analysis is represented in (Fig. 7). The major 
compounds identified using GC-MS are listed in 
(Table 3). 
 
In silico analysis 
 
Virtual screening 

Compounds predicted from GC-MS analysis were 
converted to pdbqt format and passed through 
Lipinski’s rule and toxicity filters. A total of nine 
compounds were virtually screened against the four 
selected proteins of Mtb. The results were arranged in 
order of their binding energy. The top three hit 
compounds with prominent binding energy and key 
residue interaction were chosen and further analysed 
by exhaustive docking. All the compounds considered 
for the study passed the multi-filtration steps of 
Lipinski’s rule and toxicity.  

Exhaustive docking and post-docking analysis 
The compounds that passed with not less than  

2 filters of the multi-filtration steps of virtual screening 
were taken for exhaustive docking with 100 iterations. 
Hit 1, Hit 2, Hit3, Hit4 and Hit 9 seemed to  

 
 

Fig. 5 — Time dependent and concentration dependent
anti-tuberculosis activity of VnPeF1 extract on M. smegmatis.
The graph highlights concentrations 50 μg/mL, 12.5 μg/mL,
6.25 μg/mL, 3.125 μg/mL and 0.78 μg/mL of sample at various
time intervals. (p- value < 0.002, significance - ***). Values are 
the mean of ± SD for N = 3 
 

 
 

Fig. 6 — Anti-biofilm potential of VnPeF1, showing maximum
inhibition of ~54% at concentration 6.20 µg/mL. (p- value: 
< 0.0001, significance: ****). Values are the mean of ± SD for N = 3 

 
 

Fig. 7 — Gas Chromatography-Mass Spectrometry analysis of partially purified petroleum ether extract fraction of Vitex negundo 
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perform well in comparison with the other compounds 
from the list. Hit3 (3-chloro-N-[2,3-dihydro-1,4-
benzodioxan-6-yl)-1,3-thiazol-2-yl]benzenesulfonamide) 
had common interaction with all the selected proteins 
with higher binding affinity and interaction with almost 
every key residue in all the proteins. Hence, Hit 3 was 
taken for MDS analysis. The results of exhaustive 
docking analysis of Hit3 with Mtb proteins are given in 
the (Table 4 and Suppl. Fig 2). 
 

Molecular dynamic simulation 
Frequent point mutational and conformational 

changes in the proteins of Mtb contribute to the 
resistance to first line and second line drugs. Hence, 
the dynamic of the protein upon binding of the 
compound must be stable to be considered as a 
successful lead. Furthermore, since docking studies 
deal with protein being kept rigid, it is important to 
study and analyse the protein bound complex in 
dynamic environment to mimic the biological 
system. MDS for the compound (Hit3) with proteins 
HadAB, FabD, MabA, and KasA along with apo-
proteins were performed for 100 ns. Various 
parameters such as intermolecular hydrogen 
bonding, RMSD (Root mean square deviation), 
RMSF (Root mean square fluctuation), SASA 
(solvent accessible surface area) and Rg (radius of 
gyration) were analysed. Overall, these parameters 

were compared to the apo-protein for the stability 
upon compound binding. 

Hit 3 compound stabilised the protein FabD after 
its binding. Throughout the simulation process, a 
stable behaviour was observed with average RMSD 
not above 0.2 nm. RMSF pattern of the protein after 
binding was stabilised with fluctuations in the loop 
regions on comparison with the apo-protein. The 
active sites of the protein were located far from the 
regions carrying the fluctuations. Rg and SASA are 
measured in terms of lower average values indicating 
the rigidity and folding of the protein. The protein 
FabD had an average Rg value of 1.88 nm and SASA 
value of 131 nm indicating that the ligand binding has 
stabilised the protein on comparison with its free 
form. However, the pattern does not drastically vary 
for apo-protein and bound form. The representation of 
protein complex is given in (Fig. 8A).  

For the protein MabA, average RMSD value was 
0.15 nm showing not much of a stable interaction 
throughout the simulation especially from 22 to 35 ns. 
However, it gains stability in the second 50 ns than free 
MabA. RMSF is seen to be in similar fashion for both 
free and bound protein with significant decrease in the 
fluctuation intensity when complex is bound. The 
average Rg value and SASA values decreased in 
complex form, indicating the improvement in integrity 

Table 3 — Possible list of compounds identified using GC-MS identified from VnPeF1 

S. No Compound name Retention time Molecular weight (Da) Molecular formula 

1 9,10-Anthracenedione, 1,8-dimethoxy 10.03 268.04 C16H12O4 
2 1,5-Diphenyl-2H-1,2,4-triazoline-3-thione 10.35, 12.51 253 C14H11N3S 
3 1,2-Dicarboxy-3-(4-chlorophenyl)-2,3(1H)-

dihydropyrido(1,2-a)benzimidazole 
10.51 370 C19H15ClN2O4 

4 Benzenesulfonamide, 
N-(3-chloro-1,1-dioxo-1,2-dihydro-1.lambda.(6)-n 
aphtho[1,8-cd]isothiazol-5-yl)-4-methyl 

10.51 408 C17H13ClN2O4S2 

5 Schizandrin B 10.74 400 C23H28O6 
6 7,8,4'-Trihydroxyisoflavone 11.55 270 C15H10O5 
7 Carbamazepine 10,11-epoxide 12.04 253 C15H12N2O2 
8 Iridin 13.08 522 C24H26O13 
9 Spironolactone 15.28 416 C24H32O4S 
 

Table 4 — Binding energy and interacting residues of Hit 3 against Mtb proteins 

S. No Protein name Binding energy (kcal/mol) Active site residues 

1. KasA/B -12.49 Pro280, Gly318, Phe402, Phe237, Ala279, Gly403, Phe404, Asp273,
His311, His345  

2. MabA -15.21 Ser140, Val141,  
Other interactions:  
Val62, Gly28, Ala89, Leu21, Arg47, Ala111, Gly90, Ser140 

3. FabD -11.07 Gln 9, His 194, Ser 91, Arg 116 
4. HadAB -12.54 Asp36, Gly59, His41, Met60, Asn38, Gln68, Leu142,  

His58, Tyr65, Gln86  
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validate bioactive molecules from traditional plants. 
Unfortunately, pharmaceutical industries have been 
slow to develop new antimicrobial agents, leading to 
overreliance on existing antibiotics and the rise of 
drug resistance. Also, the possibility of resistance  
to natural compounds are less because of their 
complexity and variety in structure33. 

The objective of the study was to investigate anti-
mycobacterial effect of petroleum ether extract of 
Vitex negundo L., a traditional medicine used in 
treating severe cough, bronchitis and respiratory 
infections. It is proven to have remarkable 
hepatoprotective activity by various in vitro 
experimental studies34. A study conducted by35 
identified that crude extracts of Vn showed activity 
against clinical strains of M. smegmatis and Mtb  
in vitro and in vivo. In another study dealing with 
various crude extracts of Vn carried out by16 it was 
concluded that phytochemicals like β-sitosterol, 
betulinic acid and ursolic acid along with other few 
phytochemicals had considerable anti-TB activity. 
The rich bio-activity of this plant extracts may be 
corresponded to the plethora of phytochemical classes 
found in it. Predominantly, alkaloids, flavonoids, 
terpenoids, glycosides, phenolic acids etc., are the 
classes of phytochemicals seen in the plant36.  

In our study, petroleum ether extract of the plant 
leaves displayed major phytochemical classes 
coinciding with earlier reports. The bioactive fraction 
identified was a colourless odourless solid that 
showed UV absorption maxima at ~219 nm and ~247 
nm (in methanol) suggesting the presence of aromatic 
structure in the compound. Further FTIR analysis 
showed OH group presence (3321 cm-1), aromatic 
overtones (2355 to2198 cm-1), an aromatic peak 
represented at 1649 cm1, a possible nitrate ion 
presence (1388 cm-1) that is conjugated with the 
aromatic ring, C-O stretch peak at 1016 cm-1 and wide 
peak at 580 cm-1 suggests the presence of aromatic 
compounds37,38.  

It is said that any compound/extract that inhibits 
mycobacterial growth above 50% at concentration 
less than 100 µg/mL is considered effective. Mtb 
generally shows resistance to compounds and 
antibiotics at concentration above 100 µg/mL39. 
A striking factor about Mtb is the ability to form 
biofilms as clumps called chords, that correlate with 
its virulence. In this study, a strong anti-biofilm effect 
of VnPeF1 on M. smegmatis is a compelling evidence 
that the compound mixture has an impact on the 

persistence of the bacteria40. The extract showed 
efficient inhibition at concentration as low as 
12.5 µg/mL in REMA assay. This can be seen parallel 
with time dependent kill curve where, a prominent 
loss of bacterial activity was observed at 8 h post 
incubation in the concentration of 50 µg/mL while  
a partial loss of activity was observed in the 
concentration 12.5 µg/mL. Irrespective of the 
concentration, the compound behaved similar until  
6 h and at24 h post incubation. There are very few 
studies that show effect of crude extracts of Vn on 
MDR strains of Mtb41. However, there are no 
extensive reportsof time kill assay, MIC and anti-
biofilm activity of partially purified compounds 
identified from the leaf extract against M. smegmatis. 
Despite having excellent anti-mycobacterial activity 
accessed by REMA, the inhibition activity of the 
compound at higher concentrations (100 µg/mL) was 
lesser as observed in time-kill assay. This might be 
reasoned as biphasic effect where few compounds by 
their nature might trigger stress response in the 
bacteria at elevated concentration. Thereby leading  
to adverse effects such as growth enhancement, 
biofilm formation etc., 7.A62% biofilm inhibition at a 
relatively lower concentration of 6.2 µg/mL was also 
observed. Mtb can evade the host's immune system 
and establish persistent infections by forming biofilms 
that are complex structures composed of multiple 
cells which provide a protective environment for the 
bacteria to thrive. The compound identified can hence 
be used in synergy with low doses of first-line drugs 
to further enhance the activity.  

GC-MS analysis of the bioactive fraction showed 
presence of alkaloids, flavones, anthraquinones and 
terpenoids.The precursor of the compound 9,10-
Anthracenedione1,8-dimethoxy, identified from GC-
MS, 9,10 anthacenedione, has been studied earlier as 
similar structure for mitoxantrone (anthroquinone) 
that focuses mainly on dividing cells such ascancer 
cells. The analogous compounds also have cell wall 
protein inhibiting activity studied in silico against 
Pseudomonas aeruginosa proteins42. The compound 
1,5-Diphenyl-2H-1,2,4-triazoline-3-thione has been 
identified from leaves of Gomphandra tetrandra and 
has the ability as neuroactivity towards important 
Alzheimer’sprotein when studied in silico43. 

Schisandrin B (lignan compound) identified 
commonly from Schisandra chinensis plant has 
proven to be hepatoprotective and nephroprotective 
against TB drugs induced damage in vitro. This is due 
to the strong anti-oxidant property of the compound44. 
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7,8,4'-Trihydroxyisoflavone (8-hydroxydaidzin) is an 
isoflavone, which is a conjugate of daidzein, known 
for its hepatoprotective, anti-inflammatory and anti-
oxidant activity. They function by downregulating 
crucial factors of inflammationsuch as NFkB in LPS 
induced Murine cell lines45. Iridin is a well-known 
isoflavone class compound initially derived from 
Belamcanda chinensis. It exerts a strong anti-
inflammatory, anti-oxidant, cardio protective activity 
etc.,Iridin was proven as an effective hepatoprotective 
agent when treated against LPS induced toxicity in 
mouse cell lines46.Spironolactone is a synthetic 
corticosteroid compound that has prominent 
biological activity in treating heart related problems, 
and mainly as an anti-androgen agent. It is also 
known for its nephroprotective activity proven in 
clinical samples47. 

3-chloro-N-[2,3-dihydro-1,4-benzodioxan-6-yl)-1, 
3-thiazol-2-yl]benzenesulfonamide (Hit3) is an 
analogue of a synthetic isomer that is generally not 
found in natural sources of plants, constitute a 
significant class of drugs known for their 
antibacterial, anti-carbonic anhydrase, anti-diabetic 
(hypoglycemic)and antithyroid properties. Synthesis 
and in vitro efficiency of many benzenesulfonamide 
derivates as targeted therapy have been studied48. This 
analogue of the compound is found to be active in a 
clinical study, for targeting mammalian amine oxidase 
enzyme in an attempt to treat neurological disorders49. 
It is also active in a study involving targeting lysine 
specific demethylase 1 enzyme carried out in THP-1 
(Lung) cell lines. However, The potential of this 
compound is yet to be discovered in tuberculosis 
treatment50. Results, indicates a multi-targeted 
approach where Hit3 compound interacts with all the 
selected proteins, shows striking results which can be 
seen in terms of protein stability and hydrogen bond 
formation. From the current study, it can be 
postulated that the fraction VnPeF1 and the 
compounds predicted by GC-MS analysis exhibited 
excellent anti-TB activity assessed by various 
parameters. However, furtheranalysis needs to be 
done to identify the exact target and mechanism of 
inhibition in resistant strains of Mtb. 
 

Conclusion 
In the current study, petroleum ether extract of Vn 

was analysed using various techniques to identify the 
anti-TB potential. It is evident from the study that the 
partially purified compounds isolated from petroleum 
ether extract of Vn has proven to be potent against  

M. smegmatis. Most of the compounds identified from 
GC-MS analysis have biological significance related 
to hepatoprotective activity, in addition to their 
highlight in anti-oxidant and anti-inflammatory 
activity. The compounds identified may not be 
directly related to killing of the bacteria rather they 
can disrupt the bacterial cell wall integrity leading to 
cell wall damage and death. In this study, the 
identified compound mixture has potent anti-
tubercular activity at a very low concentration of  
12.5 µg/mL identified by REMA assay, maximum 
inhibition at 8 h observed at 50 µg/mL by time-
dependent kill assay and anti-biofilm activity at a 
concentration of 6.5 µg/mL, respectively. Although 
Vn has been widely identified with hepatoprotective 
activities, the in-depth identification of the particular 
compound(s) responsible for the anti-TB activity are 
yet to be unravelled. Hence, this study can be 
considered as a starting point for identifying the 
compounds that are responsible for its biological 
significance in treating tuberculosis. The prediction of 
more than one compound in VnPeF1 by GC-MS, 
indicates the possibility of synergistic activity of the 
compounds present in the extract. The strong 
interaction of Hit3 with the proteins chosen in the 
study viz., MabA, FabD, HadAB and KasA identified 
using in silico analysis, indicates that the compound is 
potent in targeting more than one aspect of mycolic 
acid synthesis pathway in Mtb. This multi-targeted 
approach could facilitate the complete elimination of 
replicating and non-replicating Mtb cells, since cell 
wall synthesis is hindered. However, the individual 
compound’s potential and exact mechanism of 
inhibition are further to be identified in vitro and in 
resistant strains of Mtb. 
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