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Abstract

 Insilico modelling are renowned for their 
potential to extend the invitro data logically into 
invivo data. In the current study pk- sim simu-
lation software by open systems pharmacology 
(osp) was utilized to extract invivo data of in-
house developed capecitabine (cptb) niosomes 
formulation intended for brain targeting. The se-
lected software allowed to consider brain as a 
compartment and thus estimated the correlation 
between simulated values and theoretical val-
ues of cptb. Various pharmacokinetic parame-
ters of cptb namely molecular weight, solubility 
in water, pka, log p, intestinal permeability, un-
bound plasma fraction were provided as input 
parameters. Essential pharmacokinetic param-
eters namely cmax, tmax auc and plasma half life 
(t1/2) were derived from the pk-sim software. 
Comparative plasma concentration time pro-
file of experimental values vs simulated values 
ear-marked that there exists point to point cor-
relation between invitro parameters and invivo 
parameters. It was also proved that the simu-
lated values obtained were inline with the stan-
dard bibliographic pharmacokinetic parameter 
values of capecitabine indicating the scope for 
utilization of the pk sim software various other 
drug molecules and formulations.

Keywords: simulation studies, brain targeting, 
insilico, pk-sim software

Introduction

 In-silico model tools are accomplished 
to recognize the critical parameters that com-
prise drug physicochemical properties, dosage 
form related factors that affect the drug invivo 
performance  thus predicting the drug absorp-
tion built on the selected data set of input fac-
tors. The benefits of insilico simulation tools 
required less investment in resources and time 
compared to invivo studies and also to suggest 
potential to screen virtual compounds. Insilico 
model similarly reduced   the number of experi-
ments, simultaneous cost, and time mandatory 
for compound selection and development. In 
silico simulations have been recommended to 
decrease time and effort in    developing generic 
drug products. (1) Physiologically based phar-
macokinetic and pharmacodynamic (pbpk/pd) 
modeling has developed a extensively imple-
mented tool in the industry to get a quantitative 
description of concentration–time profiles in dis-
similar organ and tissues across human pop-
ulations. A current survey exhibited that near-
by 70% of medical company’s use pre-clinical 
pbpk/pd modeling in all therapeutic areas (2).
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 Various commercial pbpk modeling sim-
ulation software comprising of gastroplus™, pk-
sim, simcyp, adme works ddi simulator, chloepk 
etc. These software packages offer considerably 
flexibility to the pbpk model developer, never-
theless more innovative modeling and program-
ming skills and experience are essential; thus, 
they are less appropriate for beginners. These 
packages are expert pbpk modeling software 
packages, offer less flexibility in model develop-
ment, but they also involve less mathematical 
and modeling experience. (3) Pk-sim® is a com-
prehensive software tool for whole body simu-
lation by using pbpk modeling. It permits rapid 
access to all significant anatomical and physio-
logical parameters for humans and the supreme 
collective laboratory animals such as a mouse, 
rats, minipig, dog, monkey, beagle, and rabbit 
that are confined in the integrated database. 
Pbpk modeling has been used for decades in 
the field of toxicological risk assessment and 
has in current years been extended toward the 
application in the drug research and develop-
ment area. Software tools frequently focus on 
isolated characteristics of drug action, such 
as pharmacokinetics at the organism scale or 
pharmacodynamic interaction on the molecular 
level. Pk-sim offers altered model structures for 
significant alterations between small and large 
molecules. (4) Pk-sim is a freeware which is 
widely available for utilization and easily under-
standable, compared to other software’s used 
for pk parameter estimation. 

 In the current study capecitabine 
loaded niosomes intended for brain targeting 
through intranasal route was taken as input 
formulation in pk-sim software. Capecitabine is 
a chemotherapeutic agent with antineoplastic 
action consumed orally for the treatment of col-
orectal & metastatic breast cancer. It has a clin-
ically proven efficacy against brain metastases. 
However, the role of capecitabine in treating cns 
disorders is unexplored. Hence, an attempt was 
made to develop a niosomal formulation which 
can target brain effectively when administered 
through intranasal route. (5) 

Pk-sim software is used as an alternate and an-
imal less approach for determination of pharma-
cokinetic parameters of capecitabine. The for-
mulation tested was intended to target the brain. 
Pk-sim software allows to consider brain as a 
compartment and thus estimate the correlation 
between simulated values and theoretical val-
ues of capecitabine. 

Materials and Methods

Insilico software

 Open systems pharmacology (osp) is 
an open science community converging on sys-
tems pharmacology with a robust prominence 
on the pbpk modeling. Osp makes previously 
profitable software implements pk-sim and mobi 
freely presented as osp suite under the gplv2 li-
cense where all source code and all content are 
public. The osp suite comprises different soft-
ware tools and has a modular design to permit 
efficient multiscale modeling and simulation. (6)

Method

 Simulation studies were carried out by 
using pk sim® version 9. Generally, this soft-
ware consists    of 2 type’s blocks i.E. Building 
blocks & simulation. 

Building blocks

 A building block of the current study 
consist of the following elements:

Selection of individual

 European male species was select-
ed for study with their age limit of 30 years, 75 
kg body weight, height 176 cm, bmi of 23.57 Kg/
m2.

Population

 about 100 population consisting of 
both male & female can be selected. Currently 
we are studying the simulation parameters at an 
individual level (each individual considered as 
one group).
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Generating compound template

 Existing compound template, was 
regenerated as capecitabine basic template. 
Various physicochemical properties were given 
as inputs i.E. Log p value of 0.83nlog units was 
given as input, albumin was selected as binding 
site for capecitabine & the amount of unbound 
fraction was given as 65% in human & effective 
molecular weight of 359.35 G/mol was loaded 
as input using theoretical reference data (7 & 
8). Further, pka value of capecitabine i.E., 8.30 
& Solubility of capecitabine in water i.E., 26 Mg/
ml was given as input based on theoretical ref-
erence data (9). 

 Adme parameters like permeability 
of drug was given as 0.15cm/sec. Metabolizing 
enzymes like cyp1a2 and cyp 3a4 were men-
tioned as input, since those enzymes play a ma-
jor role in drug metabolism as per the literature. 
(10) Renal clearance of gfr fraction was given 
as 0.21 According to literature. (11) After loading 
necessary input values in accordance with the 
established literature, advanced parameters are 
auto-generated by the software.

Generation of formulation template

 Formulation templates are generat-
ed by selecting the options which corresponds 
to the type of selected drug release kinetics. 
Capecitabine niosomes formulation followed 
first order kinetics which is affirmed using the in-
vitro drug release studies. Hence, the input was 
selected as first order. Further, as per the input 
requirements of software capecitabine half-life 
i.E., 45 Min was given as input to the generated 
formulation template. (12)

Administration protocol generation

 Administration protocol was gener-
ated with the following basic elements.  Among 
the available elements for administration type 
(intravenous bolus, intravenous infusion, oral 
or user defined), user defined template was se-
lected since our test formulation (capecitabine 
niosomes) was formulated as intranasal drug 

delivery system. Various input parameters in the 
user defined template namely, dose of capecit-
abine was given as 150 mg, dosing intervals as 
single dose, targeted organ like brain, targeting 
compartment as a plasma were given to the 
software.

Addition of some events

 Some events like meal energy con-
tent of selected individuals (100 k. Cal), meal 
volume of 0.591, Meal fraction solid of 0.60, Gall 
bladder emptying lag time of 30 minutes were 
auto generated as inputs by the software.

Attachment of observed experimental data

 Excel sheet was generated by ex-
porting the data from the graph obtained in the 
earlier step i.E., Formulation template genera-
tion. Alternatively, dissolution data for the se-
lected drug can be given as input if table option 
was selected in the formulation template gener-
ation step. 

 Excel sheet containing time and 
fraction dose released was attached for per-
forming simulation in the further step.

Simulation studies

 After completion of the above-men-
tioned building block steps then the stimulation 
step can be performed using a simple protocol 
for the simulation of small molecules or ad-
vanced protocol for the simulation of proteins or 
large molecules. In the current study we have 
followed a protocol for small molecules. In this 
process, the building  block previously generat-
ed was added to the simulation icon for human 
individuals for a small molecule  to facilitate sim-
ulation. Simulation was initiated by clicking on 
the define setting & run option to get simulated 
invivo data generated by the software in the form 
of time profile graph containing both simulated 
& observed curves.  Further simulation can be 
performed to obtain the parameter identification 
and sensitivity analysis. 
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Results and Discussion

Simulation studies

 Simulation studies were performed 
using pk sim® with the construction of physio-
logical based pharmacokinetic models of both 
population & human individuals as well as large 
animal species. In the current study, building 
blocks were generated using standard euro-
pean humans as a selected individual. Input in 
terms of physicochemical properties i.E. Molec-
ular weight of 359.35 G/mole, the solubility of 
water 26 mg/ml, fraction unbound to albumin of 
65%, pka value of 8.3, Log p value of 0.83 Pres-
ent in the literature for capecitabine were given 
to simulation software. The same values were 
represented in table no:1 further, generation of 
formulation & administration protocol for simple 
molecule into simulation study of individual hu-
mans yielded a comparative profile of simulat-

ed & experimental data as illustrated in figure 
no:1 the results conclude that  the simulated pk 
parameter values were in correlation with bib-
liographic values as tabulated in table no:2.(13) 
The obtained pk parameter values which were 
within the acceptable bibliographic  ranges indi-
cate that the simulation model was significant.

Table no: 1 capecitabine parameters included in 
the software as input
Input parameters Values
Molecular weight 359.35 g/mole
Solubility (water) 26 mg/ml
Pka (acid) 8.3
Log p 0.83 Log
Intestinal permeability 3.44 × 10−7 cm/min
Unbound plasma 
fraction (fup)

0.0065

Table no: 2 pharmacokinetic parameters with simulated data in comparison with bibliographic val-
ues.   

Pharmacokinetic
Parameters

PBPK simulation model Bibliographic values

AUC 0.58 mg*h/l 0.461 – 0.698 mg*h/l

Cmax 5.98 µ mol/1 0.64 - 15.4 µ mol/l

Tmax 1.15 h 1 - 3 h

t1/2 0.75 h 0.55 to 0.89 h

Figure no: 1 comparative plasma concentration 
time profile of experimental and simulated data.

Conclusion

 Pk-sim® is a novel whole-body pbpk 
in silico model that can be used throughout all 
stages of the drug r&d process. It was devel-
oped, tested and evaluated in real-life projects 
within the pharmaceutical industry. Comparison 
of simulation results with experimental data pro-
vides a valuable method of interpreting rather 
than simply describing pk results. This partic-
ularly helps the researcher to identify specific 
effects (e.G. The relevance of active transport 
processes) very early on and, thus, can guide 
the experimental efforts, saving time and mon-
ey.(14)
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 Simulation studies performed using 
pbpk modeling of pk sim software aided in ex-
trapolating the invitro drug release data to invi-
vo healthy human volunteer data and the ob-
tained pk parameters were in simulation with 
the bibliographic values. Hence, the study finds 
the scope of the optimized formulation in deliv-
ering the drug incorporated at the brain region 
when incorporated intranasally. The study also 
portrays the scope of exploring the potential of 
optimized formulation in treating various cns 
disorders.
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Abstract

	 In	the	current	study,	two	different	MTCC	
strains of Vibrio cholera, 3904 and 3906, were 
used to determine the anti-bacterial properties 
of Cinnamomum verum (C. verum) leaves 
(Family: Lauraceae). This was done through 
qualitative phytochemical compound screening 
and	 quantitative	 identification	 of	 volatile	 com-
pounds using gas chromatography and mass 
spectrometry (GC-MS). Methanolic extract was 
subjected to phytochemical screening in order 
to determine the active components. Through 
qualitative examination revealed that the sub-
stance contained alkaloids, total carbohydrates, 
cardiac	glycosides,	flavonoids,	glycosides,	phe-
nols, saponins, and tannins. Due to the abun-
dance of phytochemical agents in the extract, 
GC-MS experiments were conducted. Based on 
their retention times and coverage percentages 
in	mass	spectra,	these	studies	identified	42	vol-
atile chemicals. The maximum zone of inhibition 
for the antibacterial activity of methanol extract 
were 15.9 mm for the V. cholera MTCC 3904 
strain and 16.3 mm for the V. cholera MTCC 
3906 strain, respectively, at concentrations of 
100μL,	Azithromycin	showed	22.30	mm,	a	posi-
tive	control,	at	a	dosage	of	30μg.	Total	antibac-
terial activity was determined to be 15.05 ±1.15 
mm and 15.10±1.15 mm, respectively, in the 

examined bacterial strains. These values are 
equivalent to conventional azithromycin. In con-
clusion, C. verum can be a potential therapeutic 
agent against V. cholera strains, this is due to 
strong antibacterial nature of active biomole-
cules present in the medicinal plant.

Keywords: Cinnamomum verum, Phytochemi-
cals, GC-MS analysis, V. cholera, Azithromycin

Introduction

The investigation of novel anti-microbi-
al compounds from plant origin is gained lot of 
interest in researchers; also, it is inevitable due 
to multi drug resistance of microorganism, re-
gardless of molecular mechanisms involved in 
the antibiotics and to combat any level of infec-
tion.	For	the	centuries,	in	order	to	find	the	novel	
antibiotic and resistance of epidemic spreads, 
scientists and medical practitioners have devel-
oped the appropriate application of antibiotics 
(1).	Efficient	application	of	any	antibiotics	in	hu-
mans depends upon the problem level and sce-
nario of infection, which was always better un-
der physician prescription established in their 
regulation against the infection and the respon-
sibility of patient’s during the therapeutic time. 
In	anti-microbial	findings,	bacteria	are	major	fo-
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cus	to	face	with	fierce	struggle	which	were	de-
veloped the several molecular mechanisms as 
multidrug resistance against synthetic anti-mi-
crobial drugs whose function mainly involved in 
enzymatic inactivation (2, 3), changing the drug 
route, and utilization of lower concentration of 
drug in cells as per the membrane permeability 
or	 cell	 specific	 overexpression	 at	 the	 efflux	
pumps	(4).	During	the	reaction	of	efflux	pumps	
antibiotics segregated in self-defense mode 
which are removed actively from the cell. For 
any new antibacterial developments, lethality of 
drug concentration in active sites of cells results 
into predispose of pathogenic organism which is 
under the threat of over resistance (5). Knowing 
such	scenario	of	pathogens,	efflux	pump	reac-
tion is inevitable to target the organisms and this 
major challenge is to tackle by the research by 
developing newer drugs, which is less toxic and 
higher	 rate	 of	 efficacy	 of	 potent	molecules,	 in	
single or in synergistic approach with other usu-
al	antibiotic	drugs	combating	effectively	against	
any infections of multidrug-resistance. Medici-
nal	plants	are	the	treasure	for	fighting	any	infec-
tive agents and it has been used in all the coun-
tries from centuries to various diseases. In 
today’s context, there is an extreme revival of 
medicinal plant interest and almost exploited 
the	sources	for	identification	of	novel	drugs	(6)	
which	 shown	 pharmacological	 significance	 in	
various approach (7). The present investigation 
is to explore the C.verum phytochemicals quali-
tatively,	 identification	of	volatile	compounds	by	
GC-MS analysis and their biological action 
against V. cholera strains under in vitro condi-
tions.

Materials and Methods
Plant material

 The University of Trans-disciplinary 
Health Sciences and Technology in Bengaluru, 
Karnataka,	 India,	 certified	 the	 Cinnamomum 
verum, or Daalchini, leaves that were obtained 
from the botanical garden of the Agriculture Uni-
versity in Bengaluru.

Preparation of plant extracts

The leaves of C. verum were collected, 
cleaned thoroughly  in double distilled wa-
ter, chopped into small pieces and for the re-
moval of moisture shade dried in room tempera-
ture. Around 200 g of leaves material was 
accurately weighed, crushed, powdered and 
Soxhlet extraction in methanol at 50°C were 
carried out. Buchi’s rotary vacuum was used to 
obtain the concentrated extract and the resulted 
extract was preserved in refrigerator until use of 
experimental studies (8-10).

Screening of phytochemicals 

Qualitative screening of phytochemi-
cals was conducted in order to investigate the 
primary metabolites present in the methanol ex-
tract of C. verum leaves. This further aimed to 
identify the volatile compounds by GC-MS anal-
ysis. 

The C. verum extract was screened for 
phytochemical	 analysis	 by	 following	 modified	
method of Sharangouda and Patil, (9), with the 
comparison of standard method of Harnborne, 
(10) and Fransworth, (11) to investigate the sec-
ondary metabolites such as alkaloids, total car-
bohydrates,	cardiac	glycosides,	flavonoids,	gly-
cosides, phenols, saponins, tannins, terpenoids 
and total proteins. For the preparation of phyto-
chemical reagents for the tests followed stan-
dard method of Harnborne (12). To make the 
concentration to obtain the proper solution of 
methanol extract further dissolute in water (Mil-
li-Q	ultra-pure	distilled	water)	and	filtered	for	re-
moval of residues. 

Gas Chromatography and mass Spectrosco-
py (gc-ms) analysis 

Preparation of extract 

Filtered10mg/ml of aromatic medicinal 
plant extract of C. verum leaves (methanol) was 
prepared further in methanol due to high polarity 
of	 the	 solvent	 and	 for	 which	 1μl	 plant	 extract	
was employed to quantify the volatile com-
pounds by GC-MS analysis. 
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Instruments and Chromatographic condi-
tions 

 GC-MS analysis of C. verum extract 
was performed using a Thermo GC-MS Clarus 
500 (Perkin Elmer). For MS detection, the MS 
DSQ II electron ionization mode with an ioniza-
tion energy of 70 eV was used, with a mass 
range at m/z 50-650. Zebron capillary column 
2B-XLB. The analysis was conducted using a 
column	with	the	following	specifications:	30	me-
ters	in	length,	0.25mm	(I.D),	and	0.25	film	thick-
ness (m). The initial column temperature was 
set	 to	 60°C	 for	 five	minutes.	 Temperatures	 of	
280°C and 290°C, respectively, were estab-
lished for the GC injector and MS transfer line. 
The GC was carried out in spitless mode. As the 
carrier	 gas,	 helium	 (1.0	ml/min	 flow	 rate)	was	
employed. There was an injection volume of 1.0 
μL.	The	plant	extract	was	diluted	 in	methanol,	
passed through a polymeric solid phase ex-
traction (SPE) column, and then subjected to 
GC-MS analysis to determine its constituent 
parts. Compounds in the plant sample were 
found using computer searches on the NIST 
REFPROP Version 9.1 database and compari-
sons of the GCMS spectrum.

Bioactive constituents’ identification 

 The National Institute of Standard and 
Technology’s (NIST’s) database, which contains 
more than 62,000 patterns were used for the in-
terpretation of the Mass Spectrum GC-MS. A 
comparison was made between the spectra of 
the unknown components and the spectrum of 
known components kept in the NIST collection. 
The test materials’ constituent parts’ names, 
molecular formulas, weights, and chemical 
structures were determined.

Anti-bacterial activity

The extract of C. verum applied to anti-
bacterial	 activity	 by	 	 disk	 diffusion	 using	Agar	
plate method  (Muller-Hinton (MH))  using the 
standard azithromycin for control  (positive) and 
methanol (negative) for the comparison. The 
strains used in the present investigations are 
Vibrio cholera MTCC 3904 and V. cholera 
MTCC 3906. Test strains are allowed to grow in 
around 14 hours in Luria Broth (LB) froth medi-

um at around 30 oC. The incubated culture was 
then placed in MH medium. Each strain swabbed 
in MH Agar plates by sterile lab grade cotton 
swabs. Wells were made 6mm diameter on 
each plate by using standard lab grade gel 
puncture tool. The methanol extract of C. verum 
leaves	of	different	concentrations	10,	20,	30,	40,	
50,	60,	70,	80,	90	and	100	μl	were	poured	on	
each well by using calibrated micropipette. Re-
sults of antibacterial activity were measured by 
zone of inhibition which obtained clearly around 
the well, where extract loaded and incubated at 
37	˚C	constantly	for	24hrs. 

Statistical analysis

 All experiments were performed in tripli-
cates	and	the	mean	difference	was	statistically	
calculated. The values are expressed as mean 
± SEM. Students “t” test was used and  p<0.01 
was	considered	as	statistically	significant.	

Results and Discussion

Phytochemicals screening of cinnamomum 
verum methanol extract of leaves

The phytochemical screening of C. ver-
um methanol extract of leaves exhibited good 
results for alkaloids, total carbohydrates, cardi-
ac	glycosides,	flavonoids,	glycosides,	phenols,	
saponins, and tannins but negative results for 
terpenoids and total proteins (Table 1). Many re-
searchers	 in	 the	field	of	medicinal	plants	have	
reported	 similar	 findings	 employing	 various	
types of plant parts and extracts (13-15).

Table.1 Screening of phytochemicals qualita-
tively in leaves of methanolic extract of C. ver-
um

Screening of Qualitative Phytochemical 
Analysis

Tests C. verum

Total Carbohydrates + ve

Cardiac glycosides + ve

Flavonoids + ve
Terpenoids - ve
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Glycosides +ve
                Tannins +ve

Alkaloids +ve
Phenols +ve
Saponins +ve

Total Proteins -ve

Gc-ms analysis of methanolic extract of c. 
Verum leaves

The GC-MS analysis of the methano-
lic	extract	results	were	shown	in	figure	2	and	it	
has	eluted	42	different	active	compounds.	Iden-
tification	of	volatile	compounds	were	assessed	
with the comparison of standards of NIST and 
Wiley 9.1. Most of the phytochemical were 
characterized by their respective area (%) de-
pends on the availability and elution on partic-
ular retention time. The obtained peaks of the 
chromatograms, shown highest % of area by 
10-Nonadecanone (11.84), Apiol (7.02), Pen-
tadecanoic acid (6.26), 3,7,11,15-Tetrameth-
yl-2-hexadecen-1-ol	 (5.02),	 α-Tocopherol-
β-D-mannoside	 (4.78),	 Hexadecanoic	 acid,	
methyl ester (2.53), Diisooctyl phthalate(2.44), 
9,12,15-Octadecatrienoic acid, (Z,Z,Z)- 
(1.87), 9,12,15-Octadecatrienoic acid, 
methyl ester, (Z,Z,Z)- (1.66), Phytol (1.77), 
8,11-Octadecadienoic acid, methyl ester 
(1.47), 1,2-Bis (trimethylsilyl) benzene(1.40), 
Tricyclo (4.3.1.1(3,8))undecan-1-amine(1.37), 
3β,6α,20β-Trihydroxy-5	 α-pregnane	 (1.20),	
1,3-Dioxane-5-methanol, 5-ethyl- (1.13), An-
drost-11-en-17-one,	 3-formyloxy-,	 (3.α,	 5.α.)-	
(1.09), 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 
(1.01), Hydrazine, N-(N-methyl-1-azacyclotride-
can-2-ylidene)-N’-(di(methylthio)methylidene)- 
(1.00), and rest other 27 volatile compounds 
shown less than 1 % of area as per the elution 
on particular retention time. As per the literature 
many of the volatile compounds which were 
present in the plant shown potent cytotoxicity 
activities and also several researchers report-
ed for various pharmacological applications 
on	these	compounds	 in	different	plants,	hence	
these volatile compounds listed with various 

characters to understand their biological action 
in table 2. 

Table.2  Quantification	of	volatile	compounds	by	
GC-MS analysis of methanolic extract of C. ver-
um leaves based on retention time, peak area 
(%) and their names

Sl
. N

o.

Compound Name
Reten-

tion 
Time

M/Z Peak 
Area (%)

1 cis-Aconitic anhydride 4.03 40 0.258605

2
3-tert-Bu-
tyl-5-chloro-2-hydroxy-
benzophenone

4.226 40 0.458313

3 5-Nitro-3-cya-
no-2(1H)-pyridone 4.29 44 0.286222

4
4-Carbamoyl-5-meth-
ylhexanoic acid, 
methyl ester

4.729 40 0.25252

5 2-Deoxy-D-galactose 6.735 57 0.36625

6 1,3-Dioxane-5-metha-
nol, 5-ethyl- 6.79 57 1.13271

7 1,1-Difluorocyclohex-
an-3-ol 6.815 57 0.98037

8 Apiol 8.26 222 7.02984

9 3,7,11,15-Tetrameth-
yl-2-hexadecen-1-ol 10.64 68 5.02365

10 3,7,11,15-Tetrameth-
yl-2-hexadecen-1-ol 11.04 95 0.41302

1

2-Cyclopenten-1-one, 
4-hydroxy-3-meth-
yl-2-(2,4-pentadienyl)-, 
(Z)-(+)-

11.313 40 0.166978

12 3,7,11,15-Tetrameth-
yl-2-hexadecen-1-ol 11.379 81 1.01896

13
1,2-Benzenedicarbox-
ylic acid, 2-butoxyethyl 
butyl ester

11.592 149 0.77162

14 Hexadecanoic acid, 
methyl ester 12.357 74 2.53206

15 Pentadecanoic acid 13.126 73 6.26521

16 8,11-Octadecadienoic 
acid, methyl ester 15.405 81 1.47058

17
9,12,15-Octadecatrie-
noic acid, methyl ester, 
(Z,Z,Z)-

15.545 79 1.66363

18 Phytol 15.629 71 1.78180

19 9,12,15-Octadecatrie-
noic acid, (Z,Z,Z)- 16.351 79 1.87666
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20 Tricyclo(4.3.1.1(3,8))
undecan-1-amine 21.665 44 1.38974

21 Diisooctyl phthalate 22.282 149 2.446947

22 3.beta.-Acetoxy-bis-
nor-5-cholenamide 24.25 73 0.66110

23

6-Isoprope-
nyl-4,8a-dimeth-
yl-1,2,3,5,6,7,8,8a-oc-
tahydro-naphtha-
len-2-ol

24.651 159 0.39112

24
8-Pregnene, 3-ace-
toxy-20-hydroxymeth-
yl-4,4,14-trimethyl-

24.802 341 0.34201

25
1,3-Dioxolane, 
4-((octadecyloxy)
methyl)-2-phenyl-

25.925 149 0.14055

26

Silanamine, N-(2,6-di-
methyl-4-((trimeth-
ylsilyl)oxy)
phenyl)-1,1,1-trimeth-
yl-

25.965 73 0.96934

27
.3beta.,6.alpha.,20.
beta.-Trihydroxy-5.
alpha.-pregnane

26.103 73 1.20526

28

Hydrazine, N-(N-
methyl-1-azacyclo-
tridecan-2-ylidene)-
N’-(di(methylthio)
methylidene)-

26.475 44 1.00675

29

7-Hydroxy-6,9a-di-
methyl-3-meth-
ylene-decahy-
dro-azuleno(4,5-b)
furan-2,9-dione

27.03 107 0.25691

30 Haloxazolam 27.26 281 0.98480

31

Preg-
nane-3,11,20,21-tetrol, 
cyclic 20,21-(methyl-
boronate), (3.alpha.,5.
alpha.,11.beta.,20R)-

27.329 93 0.35701

32 T-2 Tetraol 28.798 67 0.32008

33 10-Nonadecanone 29.189 71 11.84532

34

Silane, diphenyli-
sobutoxy(5-me-
thoxy-3-methylpenty-
loxy)-

29.575 281 0.94791

35
Ethanethioic acid, 
S-(8-(diethylphospho-
no)octyl) ester

30.143 281 0.92556

36
2,4-Di-tert-butyl-6-
(tert-butylamino)
phenol

30.289 208 0.52400

37 .alpha.-Tocopherol-.
beta.-D-mannoside 30.384 165 4.78939

38
Androst-11-en-17-one, 
3-formyloxy-, (3.al-
pha.,5.alpha.)-

30.478 207 1.09485

39

Kauran-18-oic 
acid, 7-(acety-
loxy)-15,16-ep-
oxy-, methyl ester, 
(4.alpha.,7.beta.,15.
alpha.)-

30.632 159 0.30512

40 1,2-Bis(trimethylsilyl)
benzene 31.94 207 1.40814

41 Acrylophenone, 3,3-di-
phenyl-, semicarbazone 32.338 44 0.58697

42 5-Chloropentanoic acid, 
2-butyl ester 32.373 55 0.30752

43 2,3-Diphenylquinoxaline 
1-oxide 32.499 282 0.56888

44 Cyclooctasiloxane, 
hexadecamethyl- 33.668 147 0.84829

GC-MS analysis of C. verum leaves 
methanolic extract (Figure 2) revealed a total 
of 42 volatile compounds based on peak de-
tection and retention time on each compound, 
indicating	 the	 presence	 of	 forty-four	 different	
volatile compounds with various biological prop-
erties. These compounds were discovered by 
their characterization in GC-MS analysis by 
differentiating	 retention	 duration	 in	 each	 com-
pound as well as their peak (%) in the exam-
ined plant extract. These features are charac-
terised based on the retention period of each 
concentration of the peak area in percent area 
in the entire spectrum (Table 2). The character-
ized results represented as per the peak and 
percent area of the volatile compounds, i.e., 
10-Nonadecanone (11.84), Apiol (7.02), Pen-
tadecanoic acid (6.26), 3,7,11,15-Tetrameth-
yl-2-hexadecen-1-ol	 (5.02),	 	 α-Tocopherol-
β-D-mannoside	 (4.78),	 Hexadecanoic	 acid,	
methyl ester (2.53), Diisooctyl phthalate 
(2.44), 9,12,15-Octadecatrienoic acid, 
(Z,Z,Z)- (1.87), 9,12,15-Octadecatrienoic acid, 
methyl ester, (Z,Z,Z)- (1.66), Phytol (1.77), 
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8,11-Octadecadienoic acid, methyl ester (1.47), 
1,2-Bis (trimethylsilyl)benzene (1.40),Tricy-
clo (4.3.1.1(3,8))undecan-1-amine(1.37), 
3β,6α,20β-Trihydroxy-5	 α-pregnane	 (1.20),	
1,3-Dioxane-5-methanol, 5-ethyl- (1.13), An-
drost-11-en-17-one,	 3-formyloxy-,	 (3.α,	 5.α.)-		
(1.09), 3,7,11,15-Tetramethyl-2-hexadecen-1-ol 
(1.01), Hydrazine, N-(N-methyl-1-azacyclotride-
can-2-ylidene)-N’-(di(methylthio)methylidene)-  
(1.00) and remaining 27 volatile compounds 
shown less than 1 % with respect retention time 
and peak area. Patil et al., revealed the active 
principal compounds of petroleum ether of Cit-
rus medica seeds and their biological action on 
in vivo models (16). Eramma and Patil, (17) re-
vealed 41 distinct volatile compounds from crude 

and TLC fractions in Flacourtia indica root ex-
tract of methanol, GC-MS analysis indicated the 
presence of, including Heneicosane (25.945), 
Squalene (20.51), Cholesterol (33.525), Cy-
cloheptasiloxane, tetradecamethyl-(14.864), 2, 
4-Di-tert-butylphenol-(16.032), Cycloheptasilox-
ane hexadecamethyl (16.848), Cyclononasilox-
ane octadecamethyl (20.733), and n-Hexadeca-
noic acid (22.092). Kolgi et al., reported alkaloid 
and	flavonoid	present	in	Leucas aspera leaves 
of chloroform and ethanol extracts revealed an-
tioxidant and anticancer property (18, 19). Sim-
ilar compounds present in Simarouba glauca 
seed petroleum and ethanol extracts reported 
for antioxidant property (20, 21).

4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0 28.0 29.0 30.0 31.0 32.0 33.0

0.25

0.50

0.75

1.00
(x10,000,000)

TIC (1.00)

Figure 1: GC-MS analysis spectrum of C. verum leaves of methanolic extract.

Antimicrobial activity of C. verum leaves 
methanolic extract

The antibacterial activity was tested in 
vitro against the 24 h V. cholera two strains of 
bacteria	utilising	the	disc	diffusion	plate	method	
of Muller-Hinton (MH) agar, with conventional 
azithromycin and methanol serving as positive 
and negative controls, respectively. The disc dif-
fusion method was used to test the antibacterial 
susceptibility of C. verum leaves extract against 
V. cholera MTCC-3904 and 3906 strains. The 
maximum inhibitory zone observed on higher 
concentrations at 100% methanol extract was 
15.8 mm and 16.5 mm, respectively, while the 
minimum at 60% methanol extract was 10.5 mm 
and 11.8 mm. The positive control azithromycin 

(30 g) demonstrated the greatest inhibitory zone 
on V.cholera strains MTCC-3904 and 3906 at 
40% concentration (Figure 2). Srivastava et al., 
(22) discovered that several spices have ex-
tremely	strong	antibacterial	efficacy	against	Vib-
rio bacterium species isolated from pond water, 
with Black pepper having the highest zone of 
inhibition at 100% ethanol extract and 70% ac-
tivity on methanol extract. Coriander had the 
greatest zone of inhibition at 85% extract and 
the lowest activity at 70% on ethanol extract. 
Cinnamon showed the greatest zone of inhibi-
tion at 85% acetone extract and the least at 
70% action on ethanol extract. Green carda-
mom was discovered to have a strong potential 
against isolated Vibrio species (Table 3).
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Table 3: Total antibacterial activity and zone of inhibition of methanol extract of C. verum leaves  

 Based on the minimum inhibitory con-
centration at higher zone of inhibition on 100% 
methanol extract, total antimicrobial activity was 
tested in triplicates on the same organisms and 
found zone of inhibition 15.05±1.15 mm and 
15.10±1.15 mm in Vibrio cholera MTCC-3904 
and 3906 strains, respectively, whereas positive 
control showed 13.22±0.05 mm and 14.44±1.15 
mm	and	it	was	significant	increase	in	the	meth-
anol extract of C. verum the date was presented 
in Table 3. Previous research has clearly shown 
that active components such as camphene, lim-
onene, caryophyllene, and others have excel-
lent bactericidal activities (23). Ragasa et al., 
(24) demonstrated antibacterial activity of sap-
wood extract (Dracontomelon dao) against 
Staphylococcus typhimurium, Klebsiella pneu-
moniae, Staphylococcus aureus, Bacillus subti-
lis, Candida albicans, and Aspergillus niger us-

Organisms Zone of Inhibition (mm) Total Antibac-
terial Activity

Concentration of Methanol extract of C. verum leaves 
Zone 

of Inhi-
bition 
(mm)

10 20 30 40 50 60 70 80 90 100 100 
Conc.

 
V. cholera 3904

-

- - - - - 10.5 10.8 12.4 13.8 15.8
15.05±1.15 

mm- - - - 10.5 12.5 12.8 14.5 15.9

V. cholera 3906

-

- - - - - 12.4 12.8 13.5 13.8 16.8 15.10±1.15 
mm- - - - 11.5 11.2 14.5 13.8 16.2

Positive 
Control (Azi-
thromycin)

V. cholera 
3904 22.5 22.8 22.4 22.9 13.22±0.05 

mm

V. cholera 
3906 22.8 22.6 22.8 22.7 14.44±1.15 

mm

Negative 
Control 

(Methanol)

V. cholera 
3904 - - - -

V. cholera 
3906 - - - -

ing ethanolic extract, and they revealed these 
activities were due to the of 54 compounds 
which were analysed through GC-MS of the ex-
tract, among GCMS analyses of Rhus semiala-
ta	chloroform	extract	of	seeds	 identified	active	
ingredients such as Tridecane, Decane, Aneth-
ole, (Z)6, (Z)9-Pentadecadein-1-ol, and 
Squalene as a more volatile molecule, as well 
as antibacterial capabilities in diverse species 
(25). Several other studies on the pharmacolog-
ical properties of the plant Dracontomelon dao 
revealed potent antimicrobial activity with vari-
ous organisms, antioxidant activity with various 
scavenging	 potential,	 anti-inflammatory	 in	
quantitative method, anti-diabetic in in vitro 
studies, and anti-trypanosomal activities (26-
29). On the same plant, isolation and character-
isation of other plant components proposed for 
medicinal and therapeutic activities (30, 31).
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Figure 2: Antibacterial activity of methanol extract of C. verum leaves resulted zone of inhibition 
(mm) of bacterial strains 1A) V. cholera MTCC-3904, 1B) V. cholera MTCC-3906 2) V. cholera 
MTCC-3904 & 3906 showing total antibacterial activity with the comparison of azithromycin posi-
tive control and methanol negative control

exhibiting antibacterial capabilities and maybe 
other biological actions. Other substances in the 
literature	exhibit	 antioxidant,	 anti-inflammatory,	
anticarcinogenic, antifertility, and antisteroide-
genic activities in addition to antimicrobial. 
These	 findings	 point	 to	 Cinnamomum	 verum	
leaves having powerful natural antibacterial 
properties.
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Conclusion
The experimental research of C. verum 

leaves	 extract	 revealed	 significant	 secondary	
metabolites and antibacterial activity against 
two	different	strains	of	V. cholera, employing ten 
different	doses	of	the	methanol	extract	(10,	20,	
30, 40, 50, 60, 70, 80, 90, and 100 l). In a quali-
tative analysis of phytochemicals, screening 
study results showed that alkaloids, total carbo-
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sides, phenols, saponins, and tannins had anti-
microbial properties against V. cholerae strains 
at	grade	dependent	concentrations	in	disc	diffu-
sion method. GCMS analysis revealed 42 vola-
tile chemicals in the methanol extract, with high-
er concentrations of the 15 compounds 
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Abstract

 E. coli samples from Upper Lake Bho-
pal were examined in this investigation for dif-
ferent antibiotic resistances. Different integrons 
and genes were employed to describe MDR 
isolates. The diffusion method has been utilized 
to scrutinize 150 E. coli by Kirby Bauer disc 
detaches from nine sample locations in Upper 
Lake Bhopal (UPB) for phylogenetic relation-
ships and antibiotic susceptibility. The level of 
resistance was significantly higher in vancomy-
cin (74%) as compared to cefazolin (88%). Out 
of 150 isolates, 37 (25%) were found to be re-
sistant to ten or more drugs. Additionally, a high 
prevalence of polymyxin-B and azithromycin 
predisposition was observed in 90% of E. Coli 
isolates. All the collected test samples exhibit-
ed resistance to fluoroquinolones, tetracyclines, 
chloramphenicol, and beta-lactam antibiotics. 
It was higher in middle-lake Bhopal E. coli iso-
lates than in the upper and lower reaches. E. 
coli samples from Upper Lake Bhopal showed 
rising trimethoprim/sulphonamide resistance. 
MDR isolates were present in all samples. MAR 
scores greater than 0.25 indicated contamina-
tion in the upper, middle, and lower Upper Lake. 
The animal isolates showed resistance to lact-
ams and aminoglycosides, with 80.9% of all iso-
lates being multidrug-resistant. Integrons were 

found in 85 MDR isolates resistant to at least six 
chemicals and four antimicrobial types of class-
es.

Keywords: Upper Lake, Strain E.coli, MDR, 
Antibiotics Resistance, Antimicrobial activity  

Introduction

 Bhopal heart of Madhya Pradesh and 
city of Lake famously Known for two artificial 
lakes that are situated in the central of Bhopal. 
Surface area of 1.30 km2 and a catchment area 
of 9.7 km2, and a combined catchment area of 
363 km2, is smaller than the main lake i.e., Up-
per-Lake is a significant resource of drinking 
water, meeting over 40% of Bhopal’s residents’ 
average daily water needs while rerouting was 
mainly carried out in the Lower Lake. Howev-
er, the ecological environment of Lake Bhopal 
has deteriorated in recent years due to the in-
flow of point and non-point source toxins from 
the metropolitan area, including sewage, solid 
waste, as well as dregs and improvements as 
of the national catchments. This is also a result 
of lakeshore encroachment. The lake’s biologi-
cal health and water quality have declined as a 
result of these circumstances.

 E. coli is an enteric- bacteria that is oft
en discovered in untreated sewage and huma
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n gastrointestinal tracts. It also poses a seri-
ous threat to human health since it may cause a 
number of extra-intestinal diseases such pneu-
monia, meningitis, urinary tract infections, and 
bacteremia. Antibiotics are often used to treat 
these infections effectively. Antibiotic overuse, 
on the other hand, has resulted in a substan-
tial rise in bacterial resistance. Because of the 
significant frequency of antibiotic resistance in 
E. coli, the efficacy of treatments such as peni-
cillin, sulfa medicines, fourth-generation cepha-
losporins, and fluoroquinolones has been great-
ly reduced over the last several decades. The 
placement of carbapenem-resistant Enterobac-
teriaceae, particularly E. coli, to (WHO) as glob-
al pathogen list of priorities demonstrates that 
the issue of antibiotic resistance has worsened 
and necessitates a comprehensive response. 
According to prior study (1, 2) the rise of mul-
tidrug-resistant E. coli makes antibiotic therapy 
ineffective, resulting in a rise in mortality and 
morbidity around the world.

 Escherichia coli is a kind of bacterium 
found in human as well as in animal intestines 
even though almost all of E. coli strains are safe, 
a small number may trigger mild to severe ill-
ness. (8) When present in high concentrations, 
E. coli can significantly alter the microbial com-
position of water. (3, 4) It might cause harmful 
algal blooms and other issues for aquatic eco-
systems by changing how other bacteria and 
microorganisms in the water are balanced. To 
stop the spread of disease and safeguard the 
health of people and wildlife, it’s critical to keep 
an eye on E. coli levels in water sources, es-
pecially those used for recreational pursuits like 
swimming or fishing. E. coli levels in water sys-
tems can be decreased with routine testing and 
proper waste disposal. (5)  This is due to the 
fact that E. coli may act as a food source for 
other microorganisms, increasing their diversity 
and population in the water. It can also result in 
a decline in overall microbial diversity and an 
increase in dangerous bacteria if the amount 
of E. coli is too high. Certain species that can 
thrive on E. coli may find a more hospitable en-

vironment in areas with higher concentrations 
of the pathogen, increasing their diversity and 
population. (5) If the ecosystem’s delicate bal-
ance is upset, this could also result in compe-
tition for resources and potentially hazardous 
changes. E. coli density has an impact on the 
microbial composition of water. To ensure that 
it stays within safe ranges and does not upset 
the balance of microbial diversity, it is crucial to 
regularly check the mass of E. coli in water sys-
tems. (6) This can be accomplished by conduct-
ing routine testing and putting policies in place 
to stop contamination from sources like sewage 
discharge or agricultural runoff. (7)

 The current study beheld on the antibi-
otic’s resistance trends of E. coli strains recov-
ered from the Upper Lake in Bhopal, Madhya 
Pradesh. The primary goal of this investigation 
was to evaluate the incidence of antibiotic-resis-
tant E. coli bacteria in lake water and their resis-
tance patterns to routinely used antibiotics. (9)  
The findings of this study could provide crucial 
insights into the potential dangers connected 
with drinking Upper Lake water and aid in the 
development of effective ways to prevent the 
bacterial growth that are resistant to antibiotics.

Materials and Methods 

Study site 

Isolated  bacteria 

 The study includes looking at 150 Esch-
erichia coli samples taken from Upper Lake wa-
ter as well as 16 isolates previously acquired 
from faces and sewage. The aquatic E. coli 
samples were collected from several locations in 
the Upper Lake area of Bhopal, including Kamla 
Park, Wetland Lake View, Kohe-Fiza, Kaliasot, 
Kerwa Dam, Bharvan Park, Lake View Point, 
VIP Road, Van Vihar National Park, Bhadbha-
da.

 This was done using a direct inoculation 
in enrichment broths was previously used to iso-
late direct sewage isolates from fecal samples 
of several types of sewage from Bhopal. These 
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E. coli isolates were all identified using the E. 
coli TM Identification Kit’s standard strains. Pe-
riodically, the isolates’ purity was examined on 
EMB agar, a selective medium. These isolates’ 
glycerol stocks were created and kept at 40C. 
The strain named “E. coli ATCC 25922” was ob-
tained from IMTECH, Chandigarh for reference. 
Utilizing the Kirby Bauer method, antimicrobial 

susceptibility profiling was carried out on all 150 
E. coli isolates using 19 different antibiotics. (10, 
11)

Figure 1. Upper Lake Bhopal, India (GPS Coor-
dinates 23o14’41.532”N , 77o22’37.488 E)

Studies supporting the use of antibiotics

 The antibiotic resistance member of 
enterobacteriaceae family E. coli samples were 
evaluated using the “Kirby Bauer disc diffu-
sion” approach against 19 different drugs (4). 
To perform the test, medication discs were ob-
tained from HiMedia in Mumbai, India, including 
Aminoglycosides such as Gentamicin-10 mcg, 
“Tobramycin and lactams Imepenem-10 mcg, 
Ceftriaxone-30 mcg, Cefotaxime-30 mcg, Ce-
fazolin-30 mcg, and Cefuroxime-30 mcg nitro-
furantoin, linezolid, glycopeptides, polymyxin-B, 
macrolides, chloramphenicol, tetracycline, fluo-
roquinolones, and rifampicin.  (21) A 0.06 Mc-
Farland turbidness average were arranged by 
mingling 0.6 ml of 1% (H2SO4) 99.5 ccs of 1% 
H2SO4, and BaCl2. Then, 6 millilitres of this solu-
tion were distributed to bacterial culture tubes 
for testing, and the turbidness was evaluated 

using spectrophotometry at 625 nm to ensure 
an OD between 0.08 and 0.13. The McFar-
land standard was stored at 4 0C while being 
wrapped in foil. (11)

The MAR (Multiple Antibiotic Resistance) was 
used to calculate the total resistance to antibiot-
ics score for the Upper Lake testing sites (New 
Bhopal). The entire antibiotics confirmed was 
divided the whole quantity of isolates at that 
location to arrive at this score. If the resultant 
index is larger than 0.25, there is a substantial 
probability of contamination.

Results and Discussion

 In this study, sampling sites covering 
a total area of 372.35 square kilometres were 
used, including Kamla Park, Wetland Lake 
View, Kohe-Fiza, Kaliasot, Kerwa Dam, Bhar-
van Park, Lake View Point, VIP Road, Van Vi-
har National Park, Bhadbhada. The maximum 
height of the tank was 508.65 centi-meter. The 
study also included nine E. coli samples from 
a sewage source. Nineteen different antibiotics 
were tested against fifty different E. coli strains 
in all.

Phenotypes of antimicrobial resistance

 Susceptibility testing was performed on 
155 E. coli isolates across 19 different antibiot-
ics from 12 different classes. The evaluation of 
antibiotic susceptibility was based on the guide-
lines of CLSI. The resistance, intermediate, or 
susceptibility status of each isolate against each 
antibiotic was determined. Out of 124 water E. 

Figure 2. Classes of Antibiotics Resistance
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coli isolates, 80.9% were classified as multi-
drug-resistant due to their positive test results 
for resistance to three different antibiotic class-
es. Similarly, 26 E. coli isolates obtained from 
direct sewage samples were also found to have 
MDR features.(23)

Figure 3. Sampling Sites of E.coli 

Figure 4. Different location of Upper Lake Bho-
pal with MDR isolates

  Among these various antibiotics test-
ed, cefazolin (88%) and vancomycin (74%) dis-
played the highest level of resistance. Around 
one-fourth or 16 out of 150 cells, exhibited re-
sistance to at least ten antibiotics. Azithromycin 
and polymyxin-B were found to be particularly 
effective against most of the E. coli isolates.

Figure 4. Sample collection site (23o14’41.532”N 
, 77o22’37.488 E)

 Across the study sites, E. coli samples 
responded differently to various antibiotics. The 
E. coli samples taken at VIP Road site, where 
Upper Lake linked with new Bhopal, were found 
to be resistant to a variety of antibiotics, togeth-
er with amino-glycosides and beta-lactams, ac-
cording to (12, 13). Among the isolates, more 
than 40% were resistant to beta-lactam anti-
biotics, while 50% showed (14) resistance to 
aminoglycosides (gentamicin and tobramycin). 
(15) Chloramphenicol, however, was found to 
be highly effective against the isolates. Out of 
the twenty-one isolates collected from this site, 
twenty were identified as MDR isolates because 
they were resistant to four different antibiotic 
classes. 

Figure 5. Occurrence of antibiotics compared 
to intermediate, resistance and susceptible Re-
printed with permission (10)

 The level of antibiotic resistance dis-
played by E. coli isolates varied across differ-
ent sampling sites. At the Upper Lake entrance 
point at VIP Road, a considerable number of 
water-borne E. coli isolates exhibited resis-
tance to multiple antibiotic classes, including 
amino-glycosides and β-lactams, with 40% and 
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The level of antibiotic resistance displayed by E. coli isolates varied across different sampling 

sites. At the Upper Lake entrance point at VIP Road, a considerable number of water-borne E. coli 

isolates exhibited resistance to multiple antibiotic classes, including amino-glycosides and β-

lactams, with 40% and 50% of the isolates exhibiting struggle to these antibiotic classes, 

respectively. (16)  However, chloramphenicol was able to destroy these isolates, and twenty-one 

isolates from this site were classified as MDR isolates. At the subsequent upper reaches sampling 

site VV, E. coli isolates showed a sharp rise in resistance to various antibiotics, including 

fluoroquinolones, β-lactams, tetracycline, and rifampin, with 24 isolates exhibiting high levels of 

MDR to β-lactam resistance. (17,18) The two isolates, however, did not exhibit drug resistance to 

any of the examined medications. The internal E. coli restrictions from the KP testing location 

exposed a general increase in resistance in the direction of anti-infection agents, including β -

lactams and antibiotic drug bundles, compared to the KD testing site. The middle E. coli confines 

taken from the KP testing location showed a general increase in resistance to anti-infection agents, 

including -lactams and antibiotic drug bundles, compared to the KD testing site. E. coli isolated 

from the VR region demonstrated the highest level of resistance in the middle reaches, with ten 

out of twelve isolates (83%) being MDR, and displaying determined confrontation to beta-lactams, 

chloramphenicol, fluoroquinolones, and tetracyclines, through hundred percentage resistance to 

the antibiotic’s Cefazolin, Cefotaxime, & Cefuroxime. (19, 20) The isolates also showed 
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50% of the isolates exhibiting struggle to these 
antibiotic classes, respectively. (16)  Howev-
er, chloramphenicol was able to destroy these 
isolates, and twenty-one isolates from this site 
were classified as MDR isolates. At the sub-
sequent upper reaches sampling site VV, E. 
coli isolates showed a sharp rise in resistance 
to various antibiotics, including fluoroquinolo-
nes, β-lactams, tetracycline, and rifampin, with 
24 isolates exhibiting high levels of MDR to 
β-lactam resistance. (17,18) The two isolates, 
however, did not exhibit drug resistance to any 
of the examined medications. The internal E. 
coli restrictions from the KP testing location ex-
posed a general increase in resistance in the 
direction of anti-infection agents, including β 
-lactams and antibiotic drug bundles, compared 
to the KD testing site. The middle E. coli con-
fines taken from the KP testing location showed 
a general increase in resistance to anti-infection 
agents, including -lactams and antibiotic drug 
bundles, compared to the KD testing site. E. coli 
isolated from the VR region demonstrated the 
highest level of resistance in the middle reach-
es, with ten out of twelve isolates (83%) being 
MDR, and displaying determined confrontation 
to beta-lactams, chloramphenicol, fluoroquino-
lones, and tetracyclines, through hundred per-
centage resistance to the antibiotic’s Cefazolin, 
Cefotaxime, & Cefuroxime. (19, 20) The isolates 
also showed significant diversity in their antibi-
otic resistance profile between sample locations 
located in the middle reaches of Upper Lake.

Figure 6. Confrontation Proportion (%) of Anti-
biotics compared to E. coli. Reprinted with per-
mission (10)

 However, the E. coli samples from the 
ITO locations exhibited a higher overall resis-

tance to most antibiotics compared to the KP 
and LVP sites. In the middle reaches, all E. coli 
separates demonstrated hundred percent resis-
tances with cefazolin. The E. coli samples as of 
the VV sample presented a highest resistance 
to amino-glycosides, azithromycin, β-lactams, 
fluoroquinolones, nitrofurans, rifampin with a 
decrease in resistance to trimethoprim/sul-
phonamide and tetracycline groups. E. coli iso-
lates from the VV site had considerably greater 
levels of tobramycin and nitrofurantoin resis-
tance. However, at the DND Flyway sampling 
site, over 40% of E. coli displayed resistance to 
trimethoprim and sulphafurazole. (22) The re-
sistance trend varied significantly between the 
higher, medium, and lower reaches. The VR (lo-
cated in the centre) and VV testing locations into 
industrialized areas had the highest no. of MDR 
totals. (21) The E. coli isolated after the middle 
assortments exhibited the greatest resistance to 
six anti-infection classes, including polymyxins, 
chloramphenicol, fluoroquinolones, nitrofuran-
toin, and β-lactams. In the lower reaches, E. coli 
isolates displayed a declining level of antibiot-
ic resistance, except for the increasing trend in 
resistance to sulphonamides-trimethoprim, with 
the maximum resistance (23, 24) observed at 
VR -site.

 MAR (Multiple Antibiotic Resistance) 
was calculated for each sampling site, with 
those above 0.25 indicating a greater contri-
bution to Upper Lake contamination. Damage 
reports from middle and lower sites were gener-
ally higher than those from upper sites. Studies 
by ecological organizations and water resource 
authorities (29, 31) ; (30, 32, 35) have high-
lighted the impact of antibiotic resistance in hu-
man, sewage, (25) and environmental sectors. 
Isolates from VR and VV sites demonstrated 
the highest MAR indices (0.678 and 0.574, re-
spectively), with high resistance to gentamicin 
and β-lactam antibiotics such as cefazolin, ce-
fotaxime, and cefuroxime found in direct sew-
age isolates. Among the sixteen isolates, three 
were identified as MDR. Amikacin showed the 
highest sensitivity rate (33.37%), followed by 
gentamicin and cefepime (22.92%). E. coli (26) 
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middle reaches of Upper Lake. 
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through a Blemish case of 1.01 demonstrated 
the highest multidrug resistance, and 127 ob-
tainable of 150 isolates i.e., 34% was resilient to 
all 26-antibiotic tested. Antibiotic residues and 
resistant bacteria are released into the envi-
ronment through industrial waste and sewage, 
contaminating water (23, 27) and food and fa-
cilitating the spread of ARB and ARGs. Aquat-
ic environments have been found to harbor 
antibiotic-resistant microorganisms or genes 
that confer antibiotic resistance, particularly to 
aminoglycosides, tetracyclines, and β -lactams. 
(28, 33)  These resistance determinants are of-
ten carried by mobile genetic elements, allowing 
for their rapid spread. (34) In aquatic environ-
ments, E. coli is frequently used as a biomarker 
for multiple antibiotic resistance. (10)

Conclusion

 Investigating the incidence of MAR-Mul-
tiple Antibiotic Resistance in E. coli strains from 
Upper Lake Bhopal was the goal of this inves-
tigation. The researchers used integrons and 
gene cassettes to classify the MDR isolates and 
examine the phylogenetic relationships among 
the isolates. They employed the Kirby Bauer 
diffusion disc technique to assess the antibiot-
ic susceptibility profiles of 157 E. coli isolates 
from Upper Lake and direct sewage samples 
from the surrounding area. Among the nineteen 
drugs tested, cefazolin had the highest frequen-
cy of resistance (88%), followed by vancomycin 
(74%). Approximately 25% of the microbiolog-
ical isolates was resistant to 13 medications, 
with more than ninety percent E. coli isolates 
being extremely toxic to azithromycin & poly-
myxin-B. The study found a high level of re-
sistance to antibiotics from the β-lactam class, 
tetracyclines, fluoroquinolones, nitrofurantoin, 
and chloramphenicol from E. coli isolated water 
samples of Upper Lake, especially in the mid-
dle reaches. However, there was an increasing 
trend in trimethoprim/sulphonamide resistance 
throughout Upper Lake, and MDR isolates were 
present at every sampling site. All sampling lo-
cations in the lower middle and upper sections 
of Upper Lake had MAR indices above 0.25, 
demonstrating a significant risk of contamina-

tion due to the Straight sewage were the sam-
ples had high resistance to aminoglycoside and 
β-lactam antibiotics.
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Abstract

	 The	investigation	of	current	findings	on	
phytochemicals and gas chromatography mass 
spectroscopy analysis (GCMS) of selected 
three Indian traditional medicinal plants namely 
Basil (Ocimum basilicum), Leucas (Leucas as-
pera) and Marigold (Tagetes erecta) of leaves 
of methanolic extract. All the plant extracts were 
screened to know their principle agents in qual-
itative phytochemical analysis. The qualitative 
phytochemical screening of O. basilicum leaves 
methanol	extract	 shown	positive	 results	of	 fla-
vonoids, terpenoids, glycosides, alkaloids, phe-
nols, in L. aspera leaves shows all are present 
and in T. erecta leaves shown presence only 
for	 alkaloids,	 flavonoids,	 phenols	 and	 tannins	
whereas absence for  terpenoids, glycosides 
and saponins. Out of three plants, L. aspera 
was selected for the spectroscopic studies by 
GCMS due to its active principles showed all 
the metabolites, in the GCMS results found 38 
volatile compounds in the methanol extract of 
leaves. These plant extracts may possess in-
secticidal or larvicidal property due to strong ar-
omatic property of the plants and also observed 
these volatile compounds in the one of the plant 
extract and may utilze it in agro-horticulture ap-
plication as biocontrol agents.

Keywords: Phytochemical analysis, GCMS, 
Ocimum basilicum, Leucas aspera, Tagetes 
erecta, Biocontrol agents

Introduction

 Medicinal plants are the hidden trea-
sure of phytochemicals and form the large 
group of economically important plants for wide 
range of applications. The secondary metabo-
lites of medicinal plants has exhibit in support of 
insects growth and development also against as 
detrimental, which inturn manifested in various 
levels including sterility, morbidity, toxicity, mor-
tality, growth inhibitor, anti-feedant, reduction of 
fecundity, CNS depressants,  fertility regulation 
and many of the reproductive activity inhibition 
(1-2). Leaves extracts of various native and 
exotic medicinal plants were reported from the 
ancient time, that to be in aromatic plants hav-
ing been reported to have toxicity with various 
organ systems also inhibition potential in gravi-
metric as well as histometric in insect models or 
any	other	model	organisms	(3-4).	Various	find-
ings have been revealed for plant phytochemi-
cals in qualitative and quantitative approach to 
explore the potential biomolecules for the appli-
cation of agro-horticulture. These phytochemi-
cals are depends upon the plant part extraction 
and method of extraction to identify their distri-
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bution	of	specific	molecules	and	exhibit	such	bi-
ological activity depends on their lethality level 
based on concentrations of the involved active 
agents	may	different	from	one	plants	to	others	
(5-7).

 In this scenario, current study focused 
on to screen the phytochemicals of three select-
ed aromatic medicinal plants qualitatively and 
based on the presence of metabolites study fur-
ther restricted to explore the one plant extract to 
quantify the volatile compounds by GCMS stud-
ies.

Material and Methods

Plant material

 Medicinal plant commonly called as 
Basil (Ocimum basilicum), Leucas (Leucas as-
pera) and Marigold (Tagetes erecta) of leaves 
were collected from the botanical garden of Jyo-
ti Nivas College and the plant samples were au-
thenticated at Botany Department, Jyoti Nivas 
College Autonomous, Bengaluru, India.

Preparation of plant extracts

 The leaves of O. basilicum, L. aspera 
and T. erecta were collected, washed thorough-
ly in running tap water, sprinkled 70% ethanol 
and dried in room temperature to avoid contami-
nation and moisture free sample. Dried samples 
were crushed, powdered in electric mixer and 
stored in polybag at in the refrigerator prior to 
follow extraction. Each plant sample 500 gm 
stored powder used for extraction in methanol 
highly polar solvent. The solvent of the each 
extracts were removed by rotary evaporator to 
get solvent free crude extract. Standard stock 
of each extract solutions was prepared using 
acetone solvent in 1% of extract residues for 
dissolution. After saturation, dissolved extract 
residues	were	filtered,	and	concentrated	to	dry-
ness in 400oC - 500oC using vacuum evaporator 
of each 100 gm of plant extract concentrated to 
obtain 100% output of concentration. Then fur-
ther extract was diluted in double distilled water 
five	 times	 in	graded	concentration	 from	 low	at	
(0.2%), mid at (0.4%), moderate at (0.6%) and 

high at (0.8%) of each samples and at (0%) 
used for the control.

Figure 1: Morphology of the aromatic medicinal 
plants

Qualitative Phytochemical Screening 

 Qualitative screening of phytochemicals 
of 3 aromatic medicinal plants methanol extracts 
were carried out in order to know their active 
constituents presence in the leaves, which fur-
ther	aimed	to	finalize	the	plant	extract	potential	
in the GCMS study to identify the quantitative 
volatile compounds and their characterization.

 Methanol extract of selected aromatic 
medicinal plants leaves subjected to standard 
phytochemical qualitative tests described by 
Sharangouda and Patil, (8), Harnborne, (9) and 
Fransworth, (10) to determine the presence 
or	 absence	 of	 flavonoids,	 terpenoids,	 glyco-
sides, tannins, alkaloids, phenols and saponins. 
Preparation of reagents for phytochemical as-
say followed standard protocol of Harnborne 
(11). To make the concentration to obtain the 
proper solution of methanol extract was re-sus-
pended to obtain 100% dissolution used MiliQ 
water	then	filtered	for	the	studies.	

GCMS analysis
Gas chromatography and mass spectrosco-
py 

Preparation of extract 

10mg/ml aromatic medicinal plant methanolic 

Ocimum basilicum Tagetes erecta

Leucas aspera
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extract of L. aspera leaves were prepared in 
universal	 solvent	 methanol	 and	 for	 which	 1μl	
plant extract was employed to quantify the vola-
tile compounds by GCMS analysis. 

Instruments and chromatographic condi-
tions 

 GCMS study of L. aspera methanol ex-
tract was assessed by Thermo GCMS of model 
Clarus 500. For the mass spectrum detection, 
used the mode of MS DSQ II electron ionization 
with energy rate of 70 eV, at the mass range 
of m/z 50-650. Capillary column in the range of 
30m	x	0.25mm	size	covering	the	film	thickness	
0.25 of Restek RtxR-5MS column model  by us-
ning solvent diphenylamine and dimethyl poly-
siloxane at the ratio of 5 and 95 in the analysis. 
The base temperature of column was pre-de-
fined	 at	 60°C/5min,	 GC	 injector	 and	MS	 tem-
peratures	was	configured	at	280°C	and	290°C	
in transfer line respectively. GC was assessed 
in the mode of splitless to get maximum hits in 
the	sample.	Helium	at	the	flow	rate	per	minute	
described it as 1.0ml and also it was applied as 
carrier	gas	in	GC	studies	in	the	volume	of	1.0	μL	
injection was used. The extracted plant sample 
dissolved	in	methanol	solvent	and	filtered	to	ap-
ply it further for polymeric solid phase extraction 
(SPE)	 column	 to	 detect	 different	 constituents	
in GCMS. As a result of constituents presence 
searched in the data base of NIST REFPROP 
9.1 Version by comparing one another to en-
list the volatile compounds in the extract by the 
GCMS studies.

Identification of Volatile compounds 

 Result interpretation of GCMS data was 
assessed with the help of the database of Na-
tional Institute Standard and Technology (NIST) 
due to vast depiction of more than 62,000 com-
pound patterns. The comparative assessment 
helped to identify unknown compounds when 
compared with stored NIST library to explore 
the available data of plant extract. The charac-
ters like name, formula, weight and structure of 
the volatile compounds of the sample was as-
certained to derive the molecular chemical data.

Results and Discussion

Phytochemicals screening for methanolic 
three aromatic plant extracts

 The screening of phytochemicals of 
methanol extract of three aromatic medicinal 
plants of leaves showed result depends on 
plants and found maximum positive in Lecuas 
aspera only. In O. basilicum extract showed 
positive	 for	 flavonoids,	 terpenoids,	 glycosides,	
alkaloids, phenols and negative for tannins and 
saponins. In L. aspera extract showed positive 
for	flavonoids,	terpenoids,	glycosides,	alkaloids,	
phenols, tannins and saponins. In T. erecta ex-
tract	 showed	 positive	 only	 for	 alkaloids,	 flavo-
noids, phenols and tannins whereas absence 
for terpenoids, glycosides and saponins (Ta-
ble1). Similar studies were reported by many of 
the researchers from the background of medici-
nal plants using various types of plant parts and 
their extracts (12-17).

Table: 1: Screening of phytochemicals on aro-
matic medicinal plants in the methanol extract 
of leaves

Qualitative Screening of Phytochemical Analysis

Tests O. basili-
cum

L. aspera T. erecta

Flavanoids + + +
Terpenoids + + -
Glycosides + + -
Tannins - + +
Alkaloids + + +
Phenols + + +
Saponins - + -

Note: + = Positive; – = Negative

GCMS analysis of methanolic extract of leu-
cas aspera leaves

 The GCMS study of the methanolic ex-
tract	 results	were	shown	 in	figure	2	and	 it	has	
eluted	 38	 different	 metabolites.	 Identification	
of volatile compounds were assessed with the 
comparison of standards of NIST and Wiley 
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9.1. Most of the phytochemical were character-
ized by their respective area (%) depends on 
the availability and elution on particular reten-
tion time. The obtained peaks of the chromato-
grams, shown highest % of area by (1Ar-(1aal-
pha,5abeta,9ar(*)))-5a,9,9-trimethyloctahyd-
robenzo(d)cycloprop(c)oxepin-2,4- (55.94), 
Cyclohexanecarboxylic acid, 2-[[bis(2-meth-
ylpropyl)amino]carbonyl]-, 4-nitrophenyl este 
(11.51 ), Benzene, 1,2-dimethoxy-4-(2-prope-
nyl)- (5.48), Bicyclo[2.2.1]heptane-1-methane-
sulfonic acid, 7,7-dimethyl-2-oxo-, (.+/-.)- (4.12), 
Thunbergol (3.76), 4,4,6a,6b,8a,11,11,14b-
Octamethyl-1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,
12a,14,14a,14b-oc (1.63), alpha-Amyrin (1.63), 

Stigmasterol (1.46), gamma.-Sitosterol (1.24) 
2-(3-Pentyl)pyridine (1.22), 2,4,5,5,8a-Pentam-
ethyl-4a,5,6,7,8,8a-hexahydro-2H-chromene 
(1.05) and rest other 28 volatile compounds 
shown less than 1 % of area as per the elution 
on particular retention time. As per the literature 
many of the volatile compounds which were 
present in the plant shown potent cytotoxicity 
activities and also several researchers report-
ed for various pharmacological applications 
on	these	compounds	 in	diff	erent	plants,	hence	
these volatile compounds listed with various 
characters to understand their biological action 
in table 2. 

Table 2: Quantifi	cation	of	volatile	compounds	by	GCMS	of	methanolic	extract	 leaves	of	Leucas	
aspera plant and their various characters. 

Pe
ak

 
N

o. Retention time
Peak 
area 
(%)

Molecular 
formula

Molecular
Weight
(g/mol)

Name of the molecules Molecular structure

1 6.345 0.21 C12H26 170.33 Dodecane

2 10.611 5.48 C11H14O2 178.23g/mol Benzene, 1,2-dime-
thoxy-4-(2-propenyl)-

3 10.980 0.37 C15H24 204.35g/mol Caryophyllene

4 13.230 0.23 C15H24O 220.35g/mol

1 , 4 - M e t h a n o a z u -
len-9-one, decahy-
dro-1,5,5,8a-tetramethyl-, 
[1R-(1.alpha.,3a.beta.,4.
alph

5 13.434 4.12 C28H38O8S2 566.7g/mol

B i c y c l o [ 2 . 2 . 1 ] h e p -
tane-1-methanesulfonic 
acid, 7,7-dimethyl-2-oxo-, 
(.+/-.)-

6 13.655 0.19 C10H15BrO 231.13g/mol

B i c y c l o [ 2 . 2 . 1 ] h e p -
tan-2-one, 5-bro-
mo-1 ,7 ,7 - t r ime thy l - , 
(1R-exo)-

7 13.864 0.22 C20H34O 290.5g/mol Thunbergol

8 16.362 0.31 C13H22O 194.313
1a,2,5,5-Tetramethyl-cis-
1a,4a,5,6,7,8-hexahy-
dro-gamma-chromene
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9 16.791 0.45 C15H30O2 242.4g/mol Pentadecanoic acid

10 18.296 0.44 C20H40O 296.5g/mol Phytol

11 18.525 0.97 C16H26O 234.38g/mol cis,cis,cis-7,10,13-Hexa-
decatrienal

12 18.757 0.24 C18H32O 264.4g/mol 17-Octadecen-14-yn-1-ol

13 19.056 0.18 C27H44O 384.6g/mol Cholest-4-en-3-one

14 19.539 0.76 C15H24O2 236.35g/mol
Spiro[4.5]decan-7-one, 
1 ,8-d imethy l -8 ,9-ep-
oxy-4-isopropyl-

15 20.794 0.45 C15H26 206.37g/mol
2 ,4a ,8 ,8 -Te t rame th -
y l d e c a h y d r o c y c l o -
propa[d]naphthalene

16 21.195 0.35 C12H20O 180.29g/mol
1 H - I n d e n - 1 - o l , 
2,4,5,6,7,7a-hexahy-
dro-4,4,7a-trimethyl-

17 21.676 55.94 C14H20O3 236.31g/mol

(1Ar-(1a alpha,5a beta, 
9ar(*)))-5a, 9,9-trimethy-
loctahydrobenzo(d) cyclo-
prop(c)oxepin-2,4-

18 21.994 3.76 C20H34O 290.5g/mol Thunbergol

19 22.206 0.59 C30H50O2 442.7g/mol Betulin

20 22.352 1.05 C14H24O 208.34g/mol
2,4,5,5,8a-Pentameth-
yl-4a,5,6,7,8,8a-hexahy-
dro-2H-chromene

21 22.489 0.68 C20H28OS 316.5g/mol
Bicyclo[4.1.0]heptane, 
1-(3-oxo-4-phenylthiobu-
tyl)-2,2,6-trimethyl-

22 22.754 0.63 C27H46O3 418.7g/mol
3.alpha.,7.beta.-Dihy-
droxy-5.beta.,6.beta.-ep-
oxycholestane

23 23.420 0.31 C16H26O3
266.38g/mo
L

2,5-Furandione, 3-do-
decyl-
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24 23.793 1.22 C10H15N 149.23g/mol 2-(3-Pentyl)pyridine

25 23.975 0.39 C30H50 410.7g/mol

2,6,10,14,18,22-Tetraco-
s a h e x a e n e , 
2,6,10,15,19,23-hexam-
ethyl-, (all-E)-

26 24.265 0.39 C19H26O4 318.4g/mol

2-Cyclohexene-1-carbox-
ylic acid, 1,3-dimethyl-2-
(3-methyl-7-oxo-1,3-octa-
dienyl)-4-oxo

27 24.470 0.24 C15H26O 222.37g/mol
3,3,7,11-Tetramethyltri-
cyclo[5.4.0.0(4,11)]unde-
can-1-ol

28 24.557 0.64 C30H50O2 442.7g/mol Betulin

29 24.964 0.95 C17H24N2O5 336.4g/mol
4-Aminobenzoylglutamic 
acid penta-methyl deriv-
ative

30 25.726 0.18 C10H16N2OSi 208.33g/mol N-Methyl nicotinimidate, 
O-trimethylsilyl

31 26.574 0.17 C8H5F4NO 207.12g/mol Acetamide,	 N-(4-fl	uoro-
phenyl)-2,2,2-trifl	uoro-

32 27.484 11.51 C12H20Cl-
N3O4

305.76g/mol

Cyclohexanecarboxylic 
acid, 2-[[bis(2-methyl-
propyl)amino]carbonyl]-, 
4-nitrophenyl este

33 28.479 1.46 C29H48O 412.7g/mol Stigmasterol

34 29.269 1.24 C29H52O2 432.7g/mol .gamma.-Sitosterol

35 30.323 1.63 C30H50O2 442.7g/mol

4,4,6a,6b,8a,11,11,14b-
Octamethyl-1,4,4a,5,6,6
a,6b,7,8,8a,9,10,11,12,
12a,14,14a,14b-oc

36 30.728 1.63 C30H50O 426.7g/mol alpha-Amyrin

37 31.460 0.19 C10H28O4Si3 296.58g/mol Silicic acid, diethyl 
bis(trimethylsilyl) ester

38 31.950 0.21 C24H36O2Si2 412.7g/mol
4-Meth-

yl-2,4-bis(4’-trimethylsily-
loxyphenyl)pentene-1
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 GCMS studies of Leauas aspera leaves 
methanolic extract (Figure 2) exhibited total 
38 volatile compounds as per the detection of 
peaks and their retention time and these are 
indicating	 the	presence	of	 thirty	 eight	 different	
volatile compounds which have various biolog-
ical	properties.	These	compounds	identified	by	
their	characterization	in	differentiating	retention	
time in each compounds along with their peak 
(%) in the studied plant extract in GCMS analy-
sis.	These	characters	classified	by	name	of	the	
individual molecules with molecular formula, 
weight and structures as per the retention time 
and concentration of the peak area elution in 
(%) the spectrum (Table 2). The characterized 
results represented as per the peak and percent 
area of the volatile compounds, i.e., (1Ar-(1aal-
pha,5abeta,9ar(*)))-5a,9,9-trimethyloctahyd-
robenzo(d)cycloprop(c)oxepin-2,4- (55.94), 
Cyclohexanecarboxylic acid, 2-[[bis(2-meth-
ylpropyl)amino]carbonyl]-, 4-nitrophenyl este 
(11.51 ), Benzene, 1,2-dimethoxy-4-(2-prope-
nyl)- (5.48), Bicyclo[2.2.1]heptane-1-methane-
sulfonic acid, 7,7-dimethyl-2-oxo-, (.+/-.)- (4.12), 
Thunbergol (3.76), 4,4,6a,6b,8a,11,11,14b-
Octamethyl-1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,
12a,14,14a,14b-oc (1.63), alpha.-Amyrin (1.63), 
Stigmasterol (1.46), gamma-Sitosterol (1.24) 
2-(3-Pentyl)pyridine (1.22), 2,4,5,5,8a-Pentam-
ethyl-4a,5,6,7,8,8a-hexahydro-2H-chromene 
(1.05) and remaining 28 volatile compounds 
shown less than 1 % with respect retention time 
and peak area. 

Figure 2. Spectrum of GCMS analysis and their 
volatile compounds representation of Leucas 
aspera leaves methanolic extract.

The L. aspera leaves of methanol extract found 

with potent volatile compounds in GCMS studies, 
in	that	identified	all	the	present	compounds	are	
carbohydrate derivatives and fatty acid mixtures. 
From the obtained data, we can expect the max-
imum purity and characterized compound such 
as (1Ar-(1aalpha,5abeta,9ar(*)))-5a,9,9-trimeth-
yloctahydrobenzo(d)cycloprop(c)oxepin-2,4- 
(55.94%) found higher concentration and per-
cent area, other 9 compounds altogether shown 
(27.64%) moderate concentration and rest all 
shown (16.4%) lover concentration covering 
28 compounds. Patil et al., (33) extensively 
worked on seed oil of Citrus medica and result-
ed	 in	 GCMS	 findings	 A8	 volatile	 compounds	
i.e., higher rate of concentration with hexade-
conic acid, 9,12-octa dedeconic acid, ß-Sitos-
terol and oleic acid as an eluted mixture of fat-
ty acids (18). Eramma and Patil, (19) revealed 
41 distinct volatile compounds from crude and 
TLC fractions in Flacourtia indica root extract 
of methanol, GCMS analysis indicated the 
presence of, including Heneicosane (25.945), 
Squalene (20.51), Cholesterol (33.525), Cy-
cloheptasiloxane, tetradecamethyl-(14.864), 2, 
4-Di-tert-butylphenol-(16.032), Cycloheptasilox-
ane hexadecamethyl (16.848), Cyclononasilox-
ane octadecamethyl (20.733), and n-Hexadeca-
noic acid (22.092). Kolgi et al., (20, 21) reported 
the	two	metabolites	such	as	alkaloid	and	flavo-
noid also revealed antioxidant and anticancer 
property in Leucas aspera leaves of chloroform 
and ethanol extracts. Similar compounds also 
reported for antioxidant property of Simarouba 
glauca seed extracts of petroleum and ethanol 
and revealed their qualitative and quantitative 
phytochemistry (22, 23).

Conclusion

 Medicinal plants are the natural service 
provider for the treatment of any human diseas-
es, and they have super healing power due to 
the richness of active ingredient of phytochemi-
cals. Selected three Indian traditional medicinal 
plants namely Ocimum basilicum, Leucas as-
pera and Tagetes erecta of leaves of methanolic 
extract shown various types of phytochemcials, 
but in the L. aspera shown all the phytochem-
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cials and it is further elucidated with spectros-
copy study and found 38 volatile compounds 
by the GCMS characterization. Compare to 
other two plants, L. aspera found potential, they 
possess pharmacological properties and may 
have	 valuable	 biological	 action.	 The	 identified	
active volatile compounds may exhibit various 
biological properties and they act as future drug 
therapeutic molecule for agro-horticulture as 
larvicidal or insecticidal biocontrol agent. The 
co-relation of phytochemicals and volatile com-
pounds resulted in various biological actions 
and may become novel future drugs for the var-
ious level of therapeutics.
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Abstract

 Hemidesmus indicus, widely recognized 
as anantamul, is often utilized in conventional 
medical systems to treat liver disorders, 
diabetes and kidney diseases etc. Some of 
the compound has been isolated and identified 
as antidiabetic in nature. Fewer compounds 
were screened for the in-silico study to 
establish a computational approach of the plant 
Hemidesmus indicus to open a new gateway 
for the treatment of diabetes. Docking study 
was carried out by using Autodock 4.2 software 
and a overall comparison study was performed 
between different compounds like 2-hydroxy-4-
methoxy benzaldehyde, Beta-amyrin palmitate, 
Hyperoside , Isoquercetin and Vanilin. Among 
these Beta-amyrin palmitate and Vanilin showed 
most promising docking score towards different 
antidiabetic receptor comparison to the internal 
ligand. Docking score of Beta-amyrin palmitate 
are -6.37, -6.50, -7.69 and -8.14 for the PDB 
ID 1X70, 1PPI, 1V4S and 5VEX respectively. 
Docking score of Vanilin are -2.99, -4.43, -3.72 
and -4.43 for the PDB ID 1X70, 1PPI, 1V4S and 
5VEX respectively. The above study revealed 
that Beta-amyrin palmitate was found to be 
most potent antidiabetic agent according to the 
in-silico study. This Beta-amyrin palmitate was 

also identified as an antidiabetic agent through 
in-vitro study, from this we can conclude that a 
in-vitro and in-vivo correlation can be establish 
for this compound. 

Keywords: Hemidesmus indicus, Vanilin, Beta-
amyrin palmitate, 1X70, 1PPI, 1V4S and 5VEX

Introduction

 Hemidesmus indicus R.Br., often known 
as “Anantmoola or Anantamul,” is a laticiferous, 
twining shrub that is found throughout the 
majority of India. Hemidesmus indicus was 
once belongs to Asclepiadaceae family but has 
currently been moved to the Periplocaceae 
family based on pollination characteristics. 
Hemidesmus indicus behave as a laxative, 
diuretic, and diaphoretic and that can be used to 
treat syphilis, cough, asthma, and leucoderma. 
It is widely distributed in nature, hence easily 
available. It exhibits a variety of activities out of 
which antidiabetic activity is very important [1]. 
Hemidesmus indicus contains a broad range 
of chemicals, including terpenoids, steroids, 
flavonoids, phenolic compounds, saponins, 
tannins, lignins, cardiac glycosides, proteins, 
and carbohydrates [2,3]. Beta-amyrin palmitate, 
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Hyperoside, Isoquercetin, Vanilin, 2-hydroxy-
4-methoxybenzaldehyde are some isolated 
compounds found in the Hemidesmus indicus [4]. 
Diabetes mellitus (DM) is a metabolic condition 
characterized by a lack of insulin synthesis or 
action, or both [5]. It prevails in practically every 
country and continues to grow in numbers and 
impact as people’s quality of life deteriorates, 
resulting in decreased physical activity and more 
obesity. This results in long-term hyperglycemia 
and a wide range of metabolic processes in the 
human body [6]. According to the World Health 
Organization (WHO), Diabetes mellitus affects 
347 million people worldwide, and it is expected 
to become the sixth greatest cause of death by 
2030. In 2012, diabetes          caused a total of 1.5 
million fatalities. It was the eighth most typical 
reason of mortality for both males and females, 
and the fifth most typical reason of death for 
females [7]. Different kinds of medications, 
such as biguanides and sulfonylureas are 
currently able to be treated diabetes mellitus 
hyperglycemia. These certain medications have 
adverse effects, therefore finding a new class of 
chemicals to solve these issues is critical. The 
medical profession is still grappling with how 
to manage diabetes without causing negative 
effects. Alternative medications are always 
being sought. The rise of phyto-medicine 
and the hunt for novel types of antidiabetic 
from herbal plants has been prompted by the 
negative effects of synthetic medications, as 
well as drug resistance [2,8]. S.A. Nair et al. [9] 
in 2014 during evaluating the toxicity effect of 
Hemidesmus indicus root extracts observed 
that the root extracts show glucose-lowering 
properties. Therefore, they are interested 
to isolate the active compound which has 
hypoglycemic activity. For the isolation of active 
compounds from root extracts, they go through 
different chromatographic techniques. The 
effective component, Beta-amyrin palmitate, 
was separated and identified which was then 
evaluated for the anti-hyperglycemic activity 
by Glucose tolerance test in alloxan-induced 
diabetic rats. The effects of 2-hydroxy-4-
methoxy benzaldehyde isolated from H. indicus 

roots on diabetic rats caused by streptozotocin 
has been thoroughly discussed by Kannabiran 
K. et al [10] in a number of studies. Verma N. 
et al [11] evaluate antihyperglycemic activity 
of hyperoside by Oral glucose tolerance test 
(OGTT). Dong Kwon Yang [12] and Hyung-Sub 
Kang [12] investigate the antidiabetic action of 
quercetin (QE) in streptozotocin (STZ)-induced 
diabetic rats by Oral glucose tolerance test (OG-
TT). Lu G. et al [13] investigate the antidiabetic 
action of quercetin (QE) in diabetics triggered 
by streptozotocin (STZ) in neonatal rats by Oral 
glucose-tolerance test (OG-TT). In the design 
and layout of novel medications, molecular 
docking is a crucial methodology. These tactics 
aim to predict a small molecule’s experimental 
binding mechanism and affinities within the 
target receptor’s binding region. The natural 
ligand posture, the receptor binding site, and the 
related physical-chemical molecular interactions 
must all be accurately predicted using a good 
docking process [14,15]. The present study 
gives an insight of interaction between some 
identified compounds with different antidiabetic 
receptor by the help of molecular docking and 
compare the different compounds using docking 
score.

Materials and Methods

In-vivo analysis of different isolated 
compounds

 S.A. Nair et al. [9] evaluated the 
antihyperglycemic activity beta amyrin palmitate 
by Glucose-tolerance test in alloxan-induced 
diabetic rats. Male-Wistar rats weighing 175–
200 g was divided up into four groups of six each 
to test the effects of various per oral (p.o.) doses 
of beta amyrin palmitate on glucose tolerance. 
The substance (5% Tween 80, 1 mL, p.o.) was 
given to the control group. The experimental 
groups gained beta-amyrin palmitate in various 
doses (25, 50, and 100 mg/kg) in the same 
way. After administering herbal drugs for 30 
minutes, 60% glucose (3 g/kg, p.o.; 1 ml/200 g 
body weight) was given to the rats in all groups. 
Samples of blood were taken through a retro-
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orbital puncture while the patient was sedated at 
0, 1, 30, 90, and 150 minutes following glucose 
loading.

 Kannabiran K. et al [10] evaluated 
antidiabetic activity by a single intra-peritoneal 
injection of freshly prepared streptozotocin 
solution in rats. Group I was used as a control, 
Group II contained STZ-induced diabetic rats 
that survived, Group III was used as a positive 
control and got tolbutamide (100 mg/kg) by oral 
intubation technique, and Group IV contained 
diabetic rats that were given HMB (500 g/kg) 
for 7 weeks. At the conclusion of the treatment 
period, in order to measure plasma glucose 
using the glucose oxidase method and plasma 
insulin using a radioimmunoassay kit, blood 
samples were drawn from the tail vein using 
aseptic methods and placed in tubes containing 
potassium oxalate and sodium fluoride.

 Verma N. et al [11] evaluated 
antihyperglycemic activity of hyperoside by Oral 
glucose tolerance test (OGTT). Oral-glucose 
tolerance testing was accomplished on normal 
Wistar rats that had fasted overnight (18 hours) 
to determine the effective dose of hyper insulin. 
They were split up into four groups, each with 
six animals. Blood from the tail vein was drawn 
to assess the initial serum glucose. Orally 
administered glucose (2 g/kg body weight) 
was given to normal control rats (Group 1). 
30 minutes before the oral administration of 
2 g/kg of glucose solution to groups 2 and 3, 
two separate doses (of 25 and 50 mg/kg body 
weight) of hyperoside in distilled water were 
given. Before the glucose load, Group 4 got the 
usual medication, glybenclamide (20 mg/kg).

 Dong Kwon Yang [12] and Hyung-Sub 
Kang [12]  investigated the antidiabetic action 
of quercetin (QE) in diabetic rats caused by 
streptozotocin by Oral glucose -tolerance 
test (OG-TT). The 50 male Sprague-Dawley 
rats were divided into three (30 mg/kg QE) 
compound-treated diabetes groups and two 
normal control groups. 

 Lu G. et al [13] investigated the 
antidiabetic action of vanillin in streptozotocin 
(STZ)-induced diabetic in neonatal rats by 
Oral glucose- tolerance test (OG-TT). Male 
2-day-old pups were given 90 mg/kg of STZ 
intraperitoneally (i.p.) to cause diabetes. The 
puppies were subsequently divided into four 
groups at random: control, negative control, 
diabetic, and vanillin-treated. The vanillin treated 
groups gained vanillin (100 or 200 mg/kg, p.o.) 
consistently from the sixth week of age to the 
tenth week. Vanillin’s antidiabetic impact was 
evaluated by monitoring the insulin, lipid, and 
blood sugar levels in the diabetic rat’s serum.

Molecular docking analysis of isolated 
compounds

Hardware used

 Processor used for this docking is Intel 
Core i3. CPU Cores are 816, Clock frequency of 
the hardware is 3GHz, Size of the main memory 
is 1072 GB, Graphics card is RADEON.

Software used

 UCSF Chimera and ChemDraw 15.0 
which have academic license are used for this 
process. For molecular docking, Autodock tools 
4.2 is used which is an open source software.

Protein preparation

 Three-dimensional structure (Mainly 
crystal) of different PDB-ID like 1PPI [16] , 
1X70 [17], 1V4S [18], 5VEX [19]  was chosen 
for the investigation. From Protein Data Bank 
(PDB), acquired the 3D X-ray crystallographic 
structures. The process of getting ready 
involves accessing the PDB ID to retrieve the 
protein from the server, uploading the molecule, 
adding hydrogens, applying specific turning to 
residues, examining interactions and geometry 
for all atoms, performing the job, and acquiring 
the finished protein file.

Ligand preparation

 In this investigation, ligands were Beta-
amyrin palmitate, Hyperoside, Isoquercetin, 
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Vanillin, 2-hydroxy-4-methoxybenzaldehyde. 
Chemdraw15.0 was used to create the particular 
structures in concern. The stabilised structure 
was stored after being downloaded from the 
server as PDBQT format for the purpose of 
protein-ligand docking.

Protein-ligand docking

 The Autodock-4.2.6 programme (ADP) 
was used to carry out all molecular docking 
investigations. ADP tools were used to prepare 
the protein and ligands. The coordinate values 
used in grid settings were acquired from re-
docking studies, and dimensions of the grid box 
were 60x60x60 in the x, y, and z directions. In 
each case, spacing of the grid point was 0.375”. 
Auto grid-4.2 was utilised to create the map 
files. For search criteria, a genetic algorithm 
(GA) was employed. The population size was 
150, there were 50 GA runs, and there were 
2500000 evaluations. Autogrid and Autodock 
operation was the last step. The molecular 
docking of individual ligand on the appropriate 
protein was carried out using Autodock-4.2 and 
Autogrid-4.2, respectively.

Results and Discussion:

In-vivo results of different isolated 
compounds

 Beta-amyrin palmitate (25-100 mg/kg) 
had antihyperglycemic effects on rats given 
glucose orally. The best dosage was 50 mg/
kg, and increasing it forward, to 100 mg/kg did 
not cause a corresponding drop in blood sugar 
levels. When glucose was delivered, as opposed 
to oral glucose loading, the medication (50 mg/
kg) did not significantly lower blood sugar levels 
[9].

 In comparison to untreated control rats, 
orally administered HMB’s aqueous solution 
dramatically (F>0.05; P 0.001) decreased blood 
sugar levels and raised plasma insulin levels to 
levels close to normal [10]. 

 Hyperoside has been shown to have 
antihyperglycemic potential when given to 

diabetic rats caused by streptozotocin, in doses 
of 25 and 50 mg/kg daily for 30 days. After 
120 minutes of an oral glucose tolerance test, 
rats administered with hyperoside showed a 
considerable drop in blood glucose levels. In 
streptozotocin-induced diabetic rats, it was 
discovered that hyperoside demonstrated dose-
dependent and substantial antihyperglycemic 
activity that was remarkably similar to that of the 
medication glybenclamide [11].

 Quercetin dramatically reduced the 
increased insulin levels, dyslipidemia, and 
serum blood glucose levels in diabetic mice 
[12].

 In comparison to the negative control 
group, the vanilla therapy significantly reduced 
serum glucose and lipid levels and raised 
insulin levels. In comparison to the negative 
control group, the vanillin-treated group had 
higher insulin sensitivity [13]. 

Molecular docking results of different 
isolated compounds

 Four distinct proteins connected to 
glucose metabolism, transport, and utilisation 
were docked with beta-amyrin palmitate, 
hyperoside, isoquercetin, vanillin, and 
2-hydroxy-4-methoxy benzaldehyde. In order 
to assess the fitness ratings for the docking of 
tested compounds with the targeted proteins, 
this was done. Tables 1, 2, 3 & 4 detail the 
docking analysis findings, while Figures 1, 2, 
3 & 4 display the docking figure. Among all the 
compounds, β-amyrin palmitate showed well 
docking score against 1PPI, 1X70, 1V4S and 
5VEX respectively.

 The region at which a mammalian 
alpha-amylase is active, Acarbose, a pseudo 
tetrasaccharide alpha-amylase inhibitor, was 
used to soak pancreatic alpha-amylase (EC 
3.2.1.1), and the X-ray structural analysis 
revealed an electron density that corresponded 
to five fully conquered subsites in the active site 
[PDB ID: 1PPI] [16]. In diabetes people, alpha-
amylase breaks down the carbohydrate and 
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raises postprandial glucose levels. The inhibition 
of alpha- amylase enzyme can decrease the 
post prandial increase of blood glucose that’s 
why it is the potential target for the management 
of type 2 diabetes.

Table.1 Docking results of β -amyrin palmitate, 
hyperoside, isoquercetin, vanillin, and 
2-hydroxy-4-methoxy benzaldehyde with PDB 
ID: 1PPI

 Two hydrogen bond interactions occur 
between beta-amyrin palmitate with amino 
acid ASP381 having bond lengths of 2.775 Å 
& 2.802 Å (Fig No: 1a). Two hydrogen bond 
interactions occur between 2-hydroxy-4-
methoxy-benzaldehyde with two amino acid 
GLY304 & ASP353, having bond lengths 2.111 
Å & 2.106 Å respectively (Fig No: 1b). Three 
hydrogen bond interactions occur between 
Hyperoside with amino acid PHE315 and bond 
length are 2.226 Å, 1.415 Å, 1.413 Å (Fig No: 
1c). Three hydrogen bond interaction occur 
between Isoquercetin with three amino acid 
MET178, LYS186, LEU69 and bond length are 
1.964 Å, 1.902 Å, 2.103 Å respectively (Fig No: 
1d). Three hydrogen bond interactions occur 
between Vanillin with three amino acid VAL467, 
GLN476, SER478 having bond lengths 2.022 Å, 
2.105 Å, 2.188 Å (Fig No: 1e).

Compounds Name Docking 
Energy

Figure 
No.

β-amyrin palmitate -6.50 1(a)
2-hydroxy-4-methoxy-

benzaldehyde -4.73 1(b)

Hyperoside -5.93 1(c)

Isoquercetin -4.43 1(d)

Vanillin -4.43 1(e)

 
 

Two hydrogen bond interactions occur between beta-amyrin palmitate with amino 
acid ASP381 having bond lengths of 2.775 Å & 2.802 Å (Fig No: 1a). Two 
hydrogen bond interactions occur between 2-hydroxy-4-methoxy-benzaldehyde 
with two amino acid GLY304 & ASP353, having bond lengths 2.111 Å & 2.106 Å 
respectively (Fig No: 1b). Three hydrogen bond interactions occur between 
Hyperoside with amino acid PHE315 and bond length are 2.226 Å, 1.415 Å, 1.413 
Å (Fig No: 1c). Three hydrogen bond interaction occur between Isoquercetin with 
three amino acid MET178, LYS186, LEU69 and bond length are 1.964 Å, 1.902 
Å, 2.103 Å respectively (Fig No: 1d). Three hydrogen bond interactions occur 
between Vanillin with three amino acid VAL467, GLN476, SER478 having bond 
lengths 2.022 Å, 2.105 Å, 2.188 Å (Fig No: 1e). 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure No 1: 1(a) Interaction between 1PPI with β-amyrin palmitate, 1(b) 
Interaction between 1PPI with  2-hydroxy-4-methoxy-benzaldehyde, 1(c) 
Interaction between 1PPI with hyperoside, 1(d) Interaction between 1PPI 
with Isoquercetin, 1(e) Interaction between 1PPI with Vanillin  

 

Figure 1: 1(a) Interaction between 1PPI with β-amyrin palmitate, 1(b) Interaction between 1PPI with  
2-hydroxy-4-methoxy-benzaldehyde, 1(c) Interaction between 1PPI with hyperoside, 1(d) Interac-
tion between 1PPI with Isoquercetin, 1(e) Interaction between 1PPI with Vanillin
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 Beta Amino Acid Inhibitor Complexed 
With Human Dipeptidyl Peptidase IV (DPP-4) 
[PDB ID: 1X70] [17]. An enzyme called DPP4 
degrades the incretin hormone. Incretins 
assist the body in producing more insulin only 
when necessary and lower blood glucose 
levels. By blocking DPP-4, incretin hormone 
becomes inactive, which in response produces 
more insulin so it’s a potential target for the 
management of type 2 diabetes. 

 Table No-2 Docking results of β -amyrin 
palmitate, hyperoside, isoquercetin, vanillin, 
and 2-hydroxy-4-methoxy benzaldehyde with 
PDB ID: 1X70

Compound Name Docking 
Energy

Figure 
No.

715 (Internal Ligand)
β-amyrin palmitate

-7.98

-6.37
2(a)
2(b)

2-hydroxy-4-methoxy-
benzaldehyde -3.20 2(c)

Hyperoside -3.71 2(d)
Isoquercetin -1.79 2(e)

Vanillin -2.99 2(f)

Internal ligand 715 co-crystallized with Human 
Dipeptidyl Peptidase IV (PDB ID: 1X70) was 
re-docked and dock score was -7.98. One 
hydrogen bond interaction occurs between 715 
amino acid GLU205 having a bond length of 
2.725 Å (Fig No: 2a).

  One hydrogen bond interaction 
occurs between beta-amyrin palmitate with 
amino acid ALA593 having bond length of 
2.687 Å (Fig No: 2b). Three hydrogen bond 
interactions occur between 2-hydroxy-4-
methoxy-benzaldehyde with three amino acid 
ARG611, GLU364, ARG581 bond length are 
2.125 Å, 1.855 Å, 1.994 Å respectively (Fig No: 
2c). Three hydrogen bond interactions occur 
between Hyperoside with amino acid MET638, 
ARG691, GLY599 having the bond lengths 
2.379 Å, 2.199 Å, 2.061 Å (Fig No: 2d). Three 
hydrogen bond interactions occur between 
Isoquercetin with three amino acid GLN718, 
ASP725, GLU693 the bond lengths being 2.149 
Å, 1.639 Å, 1.761 Å respectively (Fig No: 2e). 
One hydrogen bond interaction occurs between 
Vanillin with amino acid LYS721 having a bond 
length of 2.111 Å (Fig No: 2f). 

 
 

One hydrogen bond interaction occurs between beta-amyrin palmitate with amino 
acid ALA593 having bond length of 2.687 Å (Fig No: 2b). Three hydrogen bond 
interactions occur between 2-hydroxy-4-methoxy-benzaldehyde with three amino 
acid ARG611, GLU364, ARG581 bond length are 2.125 Å, 1.855 Å, 1.994 Å 
respectively (Fig No: 2c). Three hydrogen bond interactions occur between 
Hyperoside with amino acid MET638, ARG691, GLY599 having the bond lengths 
2.379 Å, 2.199 Å, 2.061 Å (Fig No: 2d). Three hydrogen bond interactions occur 
between Isoquercetin with three amino acid GLN718, ASP725, GLU693 the bond 
lengths being 2.149 Å, 1.639 Å, 1.761 Å respectively (Fig No: 2e). One hydrogen 
bond interaction occurs between Vanillin with amino acid LYS721 having a bond 
length of 2.111 Å (Fig No: 2f).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure No 2: 2(a) Interaction between 1X70 with 715, 
2(b) Interaction between 1X70 with  β-amyrin palmitate, 
2(c) Interaction between 1X70 with with 2-hydroxy-4-
methoxy-benzaldehyde, 2(d) Interaction between 1X70 
with Hyperoside, 2(e) Interaction between 1X70 with 
Isoquercetin, 2(f) Interaction between 1X70 with Vanilin 

 

 

 

 

 

Figure 2: 2(a) Interaction between 1X70 with 715, 2(b) Interaction between 1X70 with  β-amyrin 
palmitate, 2(c) Interaction between 1X70 with with 2-hydroxy-4-methoxy-benzaldehyde, 2(d) 
Interaction between 1X70 with Hyperoside, 2(e) Interaction between 1X70 with Isoquercetin, 2(f) 
Interaction between 1X70 with Vanilin 
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 It is a Crystal structure of human 
glucokinase [PDB ID: 1V4S]. A gene called 
glucokinase is crucial in determining how high the 
body’s blood glucose levels are. The pancreas 
uses it as a “glucose sensor” so that when blood 
sugar levels rise, so does the amount of insulin 
produced. The crystal structures of active and 
inactive glucokinase show that glucose binding 
causes extensive conformational changes, 
including domain restructuring. This discovery 
offered the mechanistic underpinnings for 
glucokinase activation as a potential treatment 
for the management of type 2 diabetes [18].

 One hydrogen bond interaction occurs 

between beta-amyrin palmitate with amino acid 
ASN64 having a bond length of 2.863 Å (Fig 
No: 3a). One hydrogen bond interaction occurs 
between 2-hydroxy-4-methoxy-benzaldehyde 
with two amino acid GLN91, with a bond length 
of 2.006 Å (Fig No: 3b). One hydrogen bond 
interaction occurs between Hyperoside with 
amino acid LYS33 and bond length is 1.833 Å 
(Fig No: 3c). Three hydrogen bond interactions 
occur between Isoquercetin with three amino 
acid ASN84, PHE83, GLY82 having bond 
lengths of 1.958 Å, 2.066 Å, 1.792 Å respectively 
(Fig No: 3d). One hydrogen bond interaction 
occurs between Vanillin with amino acid LYS86 
having a bond length of 2.947 Å (Fig No: 3e).

Figure 3: 3(a) Interaction between 1V4S with 

β-amyrin palmitate, 3(b) Interaction between 
1V4S with 2-hydroxy-4-methoxy-benzaldehyde, 
3(c) Interaction between 1V4S with hyperoside, 
3(d) Interaction between 1V4S with Isoquercetin, 
3(e) Interaction between 1V4S with Vanillin 

 It is a structure of the NNC0640 
containing human GLP-1 receptor complex 
[PDB ID: 5VEX]. The glucagon like peptide 1 
receptor (GLP 1R), a member of the secretin-like 
class B family of G-protein-coupled receptors 
(GP-CRs), and the glucagon receptor (GC-GR), 
play opposite physiological functions in insulin 
release and glucose homeostasis. In a glucose-
dependent manner, the inhibition of glucagon 
secretion and promotion of insulin secretion are 
essential components in the management of 
type 2 diabetes [19].

   Internal ligand 97v co-

crystallized with human GLP-1 receptor (PDB 
ID: 5VEX) was re-docked and dock score was 
-9.00. One hydrogen bond interaction occurs 

Table 3 Docking results of β -amyrin palmitate, 
hyperoside, isoquercetin, vanillin, and 
2-hydroxy-4-methoxy benzaldehyde with PDB 
ID: 1V4S

Compounds Name Docking 
Energy

Figure 
No.

β-amyrin palmitate -7.69 3(a)
2-hydroxy-
4-methoxy-

benzaldehyde
-3.06 3(b)

Hyperoside -0.64 3(c)
Isoquercetin -1.98 3(d)

Vanillin -3.72 3(e)

 
 

One hydrogen bond interaction occurs between beta-amyrin palmitate with amino 
acid ASN64 having a bond length of 2.863 Å (Fig No: 3a). One hydrogen bond 
interaction occurs between 2-hydroxy-4-methoxy-benzaldehyde with two amino 
acid GLN91, with a bond length of 2.006 Å (Fig No: 3b). One hydrogen bond 
interaction occurs between Hyperoside with amino acid LYS33 and bond length is 
1.833 Å (Fig No: 3c). Three hydrogen bond interactions occur between 
Isoquercetin with three amino acid ASN84, PHE83, GLY82 having bond lengths 
of 1.958 Å, 2.066 Å, 1.792 Å respectively (Fig No: 3d). One hydrogen bond 
interaction occurs between Vanillin with amino acid LYS86 having a bond length 
of 2.947 Å (Fig No: 3e). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure No 3: 3(a) Interaction between 1V4S with β-amyrin palmitate, 3(b) 
Interaction between 1V4S with 2-hydroxy-4-methoxy-benzaldehyde, 3(c) 
Interaction between 1V4S with hyperoside, 3(d) Interaction between 1V4S 
with Isoquercetin, 3(e) Interaction between 1V4S with Vanillin  

 

 

Table 4 Docking results of β -amyrin palmitate, 
hyperoside, isoquercetin, vanillin, and 
2-hydroxy-4-methoxy benzaldehyde with PDB 
ID: 5VEX

Compound Name Docking 
Energy

Figure 
No.

97v (Internal Ligand) 9.00 4(a)

β-amyrin palmitate -8.14 4(b)
2-hydroxy-4-methoxy-

benzaldehyde -4.37 4(c)

Hyperoside -4.88 4(d)
Isoquercetin -5.42 4(e)

Vanillin -4.43 4(f)
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between 97v with amino acid ASN304 having a 
bond length of 2.290 Å (Fig No: 4a). 

One hydrogen bond interaction occurs between 
beta-amyrin palmitate with amino acid TYR1088 
having a bond length of 2.983 Å (Fig No: 4b). 
Three hydrogen bond interactions occur between 
2-hydroxy-4-methoxy-benzaldehyde with three 
amino acid ARG1014, LYS1016, LEU1015 
having bond lengths 1.969 Å, 1.978 Å, 1.975 Å 
respectively (Fig No: 4c). Three hydrogen bond 
interactions occur between Hyperoside with 

three amino acid GLY1107, LEU1032, HIS1031 
having bond lengths of 2.816 Å, 1.934 Å, 2.199 
Å respectively (Fig No: 4d). Four hydrogen 
bond interactions occur between Isoquercetin 
with three amino acid GLY1030, LEU1032, 
GLU1108, THR1109 having the bond lengths 
1.978 Å, 2.240 Å, 1.931 Å, 1.974 Å respectively 
(Fig No: 4e). Two hydrogen bond interactions 
occur between Vanillin with two amino acid 
GLY1030, LEU1032 respectively having bond 
lengths of 1.694 Å, 1.972 Å (Fig No: 4f). 

 
 

Internal ligand 97v co-crystallized with human GLP-1 receptor (PDB ID: 5VEX) 
was re-docked and dock score was -9.00. One hydrogen bond interaction occurs 
between 97v with amino acid ASN304 having a bond length of 2.290 Å (Fig No: 
4a).  
One hydrogen bond interaction occurs between beta-amyrin palmitate with amino 
acid TYR1088 having a bond length of 2.983 Å (Fig No: 4b). Three hydrogen 
bond interactions occur between 2-hydroxy-4-methoxy-benzaldehyde with three 
amino acid ARG1014, LYS1016, LEU1015 having bond lengths 1.969 Å, 1.978 Å, 
1.975 Å respectively (Fig No: 4c). Three hydrogen bond interactions occur 
between Hyperoside with three amino acid GLY1107, LEU1032, HIS1031 having 
bond lengths of 2.816 Å, 1.934 Å, 2.199 Å respectively (Fig No: 4d). Four 
hydrogen bond interactions occur between Isoquercetin with three amino acid 
GLY1030, LEU1032, GLU1108, THR1109 having the bond lengths 1.978 Å, 
2.240 Å, 1.931 Å, 1.974 Å respectively (Fig No: 4e). Two hydrogen bond 
interactions occur between Vanillin with two amino acid GLY1030, LEU1032 
respectively having bond lengths of 1.694 Å, 1.972 Å (Fig No: 4f).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure No 4: 4(a) Interaction between 5VEX with 97v, 
4(b) Interaction between 5VEX with  β-amyrin palmitate, 
4(c) Interaction between 5VEX with 2-hydroxy-4-
methoxy-benzaldehyde, 4(d) Interaction between 5VEX 
with Hyperoside, 4(e) Interaction between 5VEX with 
Isoquercetin, 4(f) Interaction between 5VEX with Vanilin  

  

 

 

 

 
 

Internal ligand 97v co-crystallized with human GLP-1 receptor (PDB ID: 5VEX) 
was re-docked and dock score was -9.00. One hydrogen bond interaction occurs 
between 97v with amino acid ASN304 having a bond length of 2.290 Å (Fig No: 
4a).  
One hydrogen bond interaction occurs between beta-amyrin palmitate with amino 
acid TYR1088 having a bond length of 2.983 Å (Fig No: 4b). Three hydrogen 
bond interactions occur between 2-hydroxy-4-methoxy-benzaldehyde with three 
amino acid ARG1014, LYS1016, LEU1015 having bond lengths 1.969 Å, 1.978 Å, 
1.975 Å respectively (Fig No: 4c). Three hydrogen bond interactions occur 
between Hyperoside with three amino acid GLY1107, LEU1032, HIS1031 having 
bond lengths of 2.816 Å, 1.934 Å, 2.199 Å respectively (Fig No: 4d). Four 
hydrogen bond interactions occur between Isoquercetin with three amino acid 
GLY1030, LEU1032, GLU1108, THR1109 having the bond lengths 1.978 Å, 
2.240 Å, 1.931 Å, 1.974 Å respectively (Fig No: 4e). Two hydrogen bond 
interactions occur between Vanillin with two amino acid GLY1030, LEU1032 
respectively having bond lengths of 1.694 Å, 1.972 Å (Fig No: 4f).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure No 4: 4(a) Interaction between 5VEX with 97v, 
4(b) Interaction between 5VEX with  β-amyrin palmitate, 
4(c) Interaction between 5VEX with 2-hydroxy-4-
methoxy-benzaldehyde, 4(d) Interaction between 5VEX 
with Hyperoside, 4(e) Interaction between 5VEX with 
Isoquercetin, 4(f) Interaction between 5VEX with Vanilin  

  

 

 

 

Figure No 4: 4(a) Interaction between 5VEX with 97v, 4(b) Interaction be-
tween 5VEX with  β-amyrin palmitate, 4(c) Interaction between 5VEX with 
2-hydroxy-4-methoxy-benzaldehyde, 4(d) Interaction between 5VEX with Hy-
peroside, 4(e) Interaction between 5VEX with Isoquercetin, 4(f) Interaction be-
tween 5VEX with Vanilin

 All around the world, including India, 
diabetes mellitus is regarded as a serious public 
health issue. Vascular dysfunction is a result 
of the metabolic abnormalities that distinguish 
diabetes, including hyperglycemia, an increase 
in free fatty acids, and insulin resistance. 
Ayurveda and herbal remedies are significant 
alternative treatments that use extracts from 
many medicinal plants. The evaluation of anti-

diabetic activity of isolated compounds from 
Hemidesmus indicus is the focus of this study.
The mechanism underlying the extract’s ability 
to treat diabetes was anticipated by an in-
silico analysis. We can characterize how small 
compounds behave at the binding site of target 
proteins and shed light on basic biological 
processes by using the molecular docking 
approach to describe the interaction between a 
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3. Kawlni, L., Bora, M., Upadhyay, S. N., 
Mukherjee, K., & Hazra, J. (2017). 
Pharmacological and therapeutic profile of 
anantamula (Hemidesmus indicus (l.) R. 
Br.): a comprehensive review. International 
Journal of Ayurveda and Pharma 
Research, 5(11): 49-57.

4. Fiori, J., Leoni, A., Fimognari, C., Turrini, E., 
Hrelia, P., Mandrone, M., ... & Gotti, R. 
(2014). Determination of phytomarkers 
in pharmaceutical preparations of 
Hemidesmus indicus roots by micellar 
electrokinetic chromatography and high-
performance liquid chromatography–mass 
spectrometry. Analytical Letters, 47(16): 
2629-2642.

5. Singab, A. N., Youssef, F. S., & Ashour, 
M. L. (2014). Medicinal plants with 
potential antidiabetic activity and their 
assessment. Med Aromat Plants, 3(151): 
2167-0412. 

6. Shaw, J. E., Sicree, R. A., & Zimmet, P. Z. 
(2010). Global estimates of the prevalence 
of diabetes for 2010 and 2030. Diabetes 
research and clinical practice, 87(1): 4-14.

7. Parveen, S., Ansari, M. H. R., Parveen, 
R., Khan, W., Ahmad, S., & Husain, 
S. A. (2019). Chromatography based 
metabolomics and in silico screening of 
Gymnema sylvestre leaf extract for its 
antidiabetic potential. Evidence-Based 
Complementary and Alternative Medicine, 
2019(7523159): 1-14. 

8. Mazumder, A., & Das, S. (2016). Study of 
oral hypoglycemic activity of rhizomes 
of Hemidesmus indicus R. BR. in albino 
wistar rats. International Journal of 
Pharmaceutical Sciences and Research, 
7(11): 4602-4607.

9. Nair, S. A., Sabulal, B., Radhika, J., 
Arunkumar, R., & Subramoniam, A. (2014). 

small molecule and protein at the atomic level. 
It aids in locating the enzyme’s agonists and 
antagonists. A common technique in logical drug 
design is docking. A molecular level analysis is 
required to provide more scientific evidence and 
a more comprehensive explanation. Docking 
studies by Autodock 4.2.6 showed that Beta-
amyrin palmitate of Hemidesmus indicus  had 
the lowest docking score respectively against 
different antidiabetic protein. Because a 
compound’s potency increases with decreasing 
docking score, Beta-amyrin palmitate from 
Hemidesmus indicus was found to have a 
considerable docking score.

Conclusion

Beta-amyrin palmitate outperformed all other 
chemicals in terms of docking with different 
antidiabetic protein. Beta-amyrin palmitate, 
which had the best value in molecular 
docking. The above study revealed that Beta-
amyrin palmitate was found to be most potent 
antidiabetic agent according to the in-silico 
study. This Beta-amyrin palmitate was also 
identified as an antidiabetic agent through in-
vitro study, from this we can conclude that a in-
vitro and in-vivo correlation can be establish for 
this compound.
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Abstract
 The use of microwave-assisted syn-
thesis in the formation of coordination metal 
complexes has led to improved control of waste 
generation and reduced reaction times. In the 
present study, new Schiff base metal complexes 
of various metals, including ZrO (II), VO(II), Cr 
(III), Mn (II), Fe (II), Co (II), Ni (II), Cu (II), Zn 
(II), Cd (II), and Hg (II), were synthesized using 
microwave radiation.To characterize the syn-
thesized metal complexes, several physical me-
thods were used, including elemental analysis, 
FT-IR, molar conductance, electronic spectra, 
1H-NMR, ESR, magnetic susceptibility, ther-
mal, electrical conductivity, and XRD analysis. 
Elemental analysis revealed that the complexes 
were of the 1:1, 1:2, and 1:3 (M: L) types. The 
observed molar conductance values indicated 
that the complexes were non-electrolytes. The 
1H-NMR spectral data suggested that the phe-
nolic protons had been displaced during com-
plexation. Thermo gravimetric analysis showed 
the presence of water molecules in the coordi-
nation metal complexes and confirmed the loss 
of water molecules in the first step, followed by 
the decomposition of the ligand in the subse-
quent step. The synthesized ligand and coordi-
nation metal complexes were also studied for 
their antibacterial and antifungal activity. They 

were tested against various bacteria and fun-
gi, including Escherichia coli, Salmonella en-
teric, klebsiella pneumoniae, Staphylococcus 
aureus, Streptococcus agalactiae, Aspergillus 
niger, and Aspergillus flavus. The results indica-
ted that some of the metal complexes showed 
significant antibacterial and antifungal activity. 
Overall, the use of microwave-assisted synthe-
sis in the formation of coordination metal com-
plexes has led to the synthesis of new metal 
complexes with potential antibacterial and an-
tifungal activity. The various physical methods 
used for characterization have provided valuab-
le insights into the properties and behaviour of 
these metal complexes.
Keywords: Microwave method; Heterocyclic li-
gand; Thermal study.
Introduction 
 Extensive studies have been conduc-
ted on Schiff bases derived from amide and al-
dehyde, which are an important class of ligands 
that coordinate with metal ions through azome-
thine nitrogen [1-4]. These complexes play a 
pivotal role in the development of coordination 
chemistry [5-8]. Gabapentin derivatives have 
been found to have numerous uses in medicinal 
and pharmaceutical fields [9-11]. The compou-
nds were evaluated for their anticonvulsant and 
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antioxidant activities using the Maximal Elec-
troshock Seizure (MES) test. The majority of the 
compounds showed activity in the MES tests.
 Schiff bases have also found applica-
tions in analytical chemistry where some com-
pounds were used as a ligand to prepare com-
plexes and catalysts and as a corrosion inhibitor 
in the chemical industry [12]. Microwave irradia-
tion has gained popularity as it accelerates the 
reaction rate in a solvent-free condition without 
the use of supporting reagents, making it eco-
-friendly. Chemical transformations that took 
hours or even days to complete the reaction 
can be completed in minutes with microwave 
irradiation. Microwave irradiation offers nume-
rous benefits, including higher yields, shorter 
reaction times, and eco-friendly and simple re-
action conditions [13-17]. Therefore, the aim of 
this work is to synthesize and characterize new 
transition metal complexes of Schiff bases deri-
ved from Gabapentin with aldehydes using mi-
crowave-assisted synthesis and to screen their 
antibacterial activity
Materials and Methods
 All reagents used were of analytical 
grade. Metal chlorides were procured from Sig-
ma Aldrich, India and used as received. The 
drug molecules were purchased from Apotecx 
Pharma Chem India Ltd. All solvents were dis-
tilled prior to use.
Synthesis of schiff base ligand gabapantin - 
2-hydroxy naphthaldehyde
 The Synthesis of Schiff base ligand Ga-
bapantin - 2-hydroxy naphthaldehyde as shown 
in the figure 1. Gabapentin (0.03M, 0.51g) was 
added to a dry and clean round bottom flask and 
dissolved in 5-7ml of methanol. To this, 2-hy-
droxy naphthaldehyde (0.03M, 0.54g) was add-
ed. The mixture was placed in a round bottom 
flask and capped with a water condenser before 
being subjected to microwave irradiation at 10% 
intensity (110 watts) for 1 minute with a pulse of 
30 seconds. The progress of the reaction was 
monitored using TLC. Once the reaction was 
complete, the mixture was cooled to room tem-

perature. The Schiff base was then separated, 
filtered using Whatman filter paper, washed with 
hot methanol, and kept for re-crystallization. 
The resulting yellow crystals were separated by 
drying and stored in a desiccator.

Gabapentin 2 - h y d r o x y n a p h t h a l d e -
hydeSchiff base ligand
Figure- 1 Scheme for synthesis of Schiff base li-
gand(HL)C16H11O3N2 F3S [RO]: Mol. wt. 368.247, 
m.p. 108-1100C, yield 89.58%
Synthesis of metal complexes
Metal complexes were synthesized by irradiat-
ing equimolar ratio of hydrated metal chlorides 
and ligand in ethanol (1-2ml) as a solvent with 
a pinch of sodium acetate was added to initi-
ate the precipitation. Solid was separated out, 
filtered and washed with distilled water, recrys-
tallized from ethyl alcohol. All complexes were 
dried in air and kept over anhydrous calcium 
chloride in the desiccator. Formation of the com-
plexes may be represented as follows: 
MCl2.nH2O +   HL       ethanol, NaOAC, 
 MLn=1,2.(H2O)n=0,1,2 Cln=0,1

Metal salt  Ligand       30% intensity 
       Metal complex  8-10 minutes in MW                 
Where, M=Cu (II), Co (II), Ni (II), 
Mn(II),Fe(III),Zn(II),Hg(II),Cd(II),Cr(III),Z-
rO(II),VO(II).
Physical measurements
 Inductively Coupled Plasma-Optical 
Emission Spectrometer, Perkin Elmer-Opti-
ma7000DV: This technique is used for the 
quantitative determination of metals in a sample 
by measuring the intensity of emitted light from 
the excited atoms. It provides information about 
the elemental composition of the complex. 
SEM-EDX analysis, the complexes were ana-
lysed using a Carl Zeiss EVO-18 model SEM 
coupled with an EDX detector. SEM provides 
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high-resolution images of the sample surface, 
while EDX determines the elemental composi-
tion of the complex by analyzing characteristic 
X-rays emitted from the sample.  Microanalyt-
ical analysis of the complexes for carbon, hy-
drogen, and nitrogen (CHN) as well as sulfur 
(S) content was carried out using an Elementar 
Vario EL III model instrument. This technique 
provides information about the organic constit-
uents present in the complexes. The chloride 
content in the complexes was determined us-
ing the argentometric method. This method in-
volves the titration of chloride ions with silver 
nitrate, and the end point is detected using a sil-
ver indicator. The magnetic susceptibility of the 
complexes was measured at room temperature 
using a Gouy balance. The calibrant used was 
Hg[Co(NCS)4], and diamagnetic corrections 
were made using PASCAL’s constants. Con-
ductance measurements of the complexes were 
carried out using an Elico Conductivity bridge. 
The measurements were performed in DMSO 
(dimethyl sulfoxide) using a dip-type conductiv-
ity cell fitted with platinum electrodes. The con-
ductance value provides information about the 
ionic behaviour of the complexes. The infrared 
spectra of the ligands and their complexes were 
recorded using a Thermo Nicolet Avatar 370 
FT-IR spectrophotometer. The spectra were ob-
tained by analyzing the absorption of infrared 
radiation by the sample in the 4000 to 400 cm-1 
range. KBr discs were used as the sample ma-
trix. The nuclear magnetic resonance spectra 
of the complexes were recorded in DMSO-d6 
solvent on a Varian AS 400 MHz spectropho-
tometer. TMS (tetramethylsilane) was used as 
the internal standard for chemical shift refer-
encing. The electronic spectra of the complexes 
were recorded using an Elico-SL-164 double 
beam UV-visible spectrophotometer. The mea-
surements were performed in DMSO solution 
at a concentration of 10-3 M, and the range of 
analysis was 200 to 1100 nm. Powder X-ray dif-
fraction analysis of the complexes was carried 
out using a Bruker AXS D8 Advance instrument. 
The X-ray source used was Cu with a wave-
length of 1.5406 Å. This technique provides in-

formation about the crystal structure and phase 
composition of the complexes. These analytical 
techniques were employed to characterize and 
determine the metal content, elemental compo-
sition, structural properties, and spectroscopic 
features of the complexes under investigation.
Antimicrobial activities
 The in-vitro antimicrobial activity of the 
Schiff bases and their complexes was tested 
against Escherichia coli, Salmonella enteric, 
Klebsiella pneumoniae, Staphylococcus aureus, 
Streptococcus agalactiae, Aspergillus niger, 
and Aspergillus flavus using the well diffusion 
method. Muller Hinton agar (MHA) and Potato 
dextrose agar (PDA) were used as the culture 
media, and streptomycin and fluconazole were 
used as control drugs. All complexes were dis-
solved in DMSO, and separate solutions with a 
concentration of 100 ppm were prepared.
 For the bacterial assay, wells were 
made on MHA plates inoculated with bacteria. 
Each well was filled with 100 µl of the test solu-
tions. The bacterial plates were then incubated 
at 37°C overnight, and the zone of growth inhibi-
tion was measured in millimetres. For the fungal 
assay, wells were made on PDA plates inocu-
lated with fungi. Again, 100 µl of the test solu-
tions were added to each well. The fungal plates 
were incubated at 27°C for 24-48 hours, and the 
zone of growth inhibition was measured in mil-
limetres. These measurements were conducted 
following the referenced sources [18-20].
Results and Discussion
Electronic spectral studies and magnetic 
properties
 The melting points and elemental anal-
yses of both the ligand and its metal complex-
es are presented in Table 1. It is noteworthy 
that the calculated values closely matched the 
experimental values, indicating a high level of 
agreement between the two sets of data. This 
suggests that the calculations were reliable 
and accurate. In the case of microwave-assist-
ed synthesis, it was observed that the reaction 
could be completed within a shorter timeframe 
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compared to the conventional method. Addi-
tionally, higher yields were obtained using the 
microwave-assisted approach. These observa-
tions highlight the effi  ciency and eff ectiveness 
of microwave irradiation as a method for syn-
thesizing the ligand and its metal complexes. 
Through the analysis of spectral and analytical 
data, it was determined that all the metal com-
plexes exhibited a 1:2 (metal: ligand) stoichiom-
etry, except for the Zn (II), Cd (II), and Hg (II) 
complexes, which displayed a 1:1 (metal:ligand) 
stoichiometry. This diff erence in stoichiometry 
suggests distinct coordination modes or binding 

patterns for these specifi c metal ions. The molar 
conductance values of the complexes dissolved 
in dimethylformamide (DMF) were found to 
range from 4.69 to 16.5 ohm-1mole-1cm2. These 
values indicate relatively low molar conductivi-
ties, implying that the complexes do not exhib-
it signifi cant electrolytic behaviour in solution. 
Therefore, the experimental observations and 
data discussed provide valuable insights into 
the properties and characteristics of both the li-
gand and its metal complexes, shedding light on 
their structural features and behaviour.

Table 1- Analytical data of ligand and its metal complexes

The magnetic moments of the metal 
complexes are listed in Table 1. The Fe-com-
plex exhibited a magnetic moment of 5.88 BM 
(Bohr magneton) with 5 unpaired electrons. This 
magnetic susceptibility value for Fe (II) is con-
sistent with the reported values and indicates a 
coordination number of six, corresponding to an 
octahedral geometry. For the Co (II) complexes, 
the magnetic moments were found to be 4.18 
BM, suggesting a high spin complex with octa-
hedral geometry [21-22].
 The Ni (II) complex exhibited a magnet-
ic moment value of 2.67 BM, which is close to 
the expected value for octahedral complexes. 
This further supports the presence of an octahe-
dral geometry for the Ni (II) complex. The Cu (II) 
complex displayed a magnetic moment value 

of 1.58 BM, confi rming the distorted octahedral 
geometry around the copper ion [23]. Electronic 
spectral studies were conducted using a DMSO 
solution (1x10-3M) for the paramagnetic com-
plexes. The EPR spectral data of all the para-
magnetic complexes are presented in Table 2.
 For the Ni (II) complex with a coordina-
tion number of 6, bands at 14647.722 cm-1 and 
23474.18 cm-1 were observed, corresponding 
to 3A2g (F)→3T1g (F) (ν2) and 3A2g (F)→3T1g 
(P)(ν3) transitions, respectively, in an octahe-
dral environment. The band for the transition 
3A2g (F)→3T2g (F) (ν1) could not be observed 
due to limitations in the instrument. However, 
its value can be calculated using a band fi tting 
procedure. Other studies have reported four 
absorption bands for the Ni (II) complex in the 
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range of 390, 664, 740 and 1132 nm in the solid 
state [24]. The Co (II) complex of H2L4 exhib-
ited two bands at 18903 cm-1 and 22679 cm-1, 
which are assigned to the 4T1g F)→4T2g (F) 
(ν1), 4T1g(F)→4A2g (F) (ν2), and 4T1g(F)→4T1g 
(P) (ν3) transitions, respectively. The calculation 
of 4T1g (F)→4T2g (F) (ν1) was performed using 
a band procedure, suggesting an octahedral ge-
ometry for the Co (II) complex [26].
 In the Cu (II) complex of H2L4, a broad 
absorption band with low energy was observed 
at 15479.2 cm-1, indicating a d-d transition and 
suggesting a low C2V symmetry of the Cu2+ ion. 
Another band around 27467.2 cm-1 (364 nm) 
can be assigned to M→L charge transfer and 
π→π* transition associated with the azome-
thine linkage. Other authors have also reported 
the region of 540-720 nm for oxo-bridged Cu 
(II) complexes. Considering all these observa-
tions, the presence of the band at 540 nm in the 
current copper (II) complex indicates a square 
pyramidal geometry [27]. The aforementioned 
experimental data provide valuable insights into 
the magnetic properties and coordination ge-
ometries of the metal complexes studied. The 
electronic spectrum of the Fe (III) complex of 
the H2L4 ligand exhibited a charge transfer band 

at 21798.84 cm-1, which was attributed to the 
(L-M) charge transfer. This strong charge trans-
fer band makes it challenging to identify the 
d-d band. Therefore, a provisional octahedral 
geometry is suggested for the Ferric complex 
based on this observation. Similarly, the elec-
tronic spectrum of the Mn (II) complex displayed 
a band at 25532.35 cm-1, assigned to the charge 
transition (L→M). Another band at 19762.85 
cm-1 was attributed to the d-d transition. The 
identification of the d-d band is complicated due 
to the presence of a strong charge-transfer (CT) 
band that extends from the UV region to the vis-
ible region. Hence, a provisional octahedral ge-
ometry is predicted for the Mn (II) complex of the 
H2L4 ligand. For the Cr(III) complex of the H2L4 
ligand, bands at 17498.55 cm-1 and 24077.24 
cm-1 were observed. These bands can provi-
sionally be assigned to the 4Ag→4T2g (F) (ν1) 
and 4A2g→4T1g (F) (ν2) transitions, respective-
ly, indicating an octahedral geometry [28].
Various ligand field parameters, including Dq, 
B’, β, β%, and ligand field stabilization energy 
(LFSE), were calculated and are presented in 
Table 2. These parameters provide valuable in-
formation about the ligand field and the stability 
of the complexes.

Table 2: Electronic spectral data and ligand field parameters of the Co(II), Ni(II) and Cu (II) com-
plexes in DMSO (10-3M) solution.

Metal 
complexes

Transitions in cm-1 10Dq 
(cm-1) B(cm-1) Β β% ν2/ν1

L F S E 
kJ/mol

     ν1 ν2       ν3

VOL4
2(H2O)2 11860.9 17106.6 22696.32  --- ---  --- --- --- ---

CrL4
2(H2O)2 17489 24077 --- 17489 646.66 0.6278 37.22 1.3767 250.738

MnL4
2(H2O)2 25532.35  M-L Charge transfer

NiL4
2(H2O)2 9254 14647 23474 9254 703.44 0.65133 34.867 1.5827 132.674

CuL4
2(H2O)2 --- 15479.2 27467.2 --- --- ---  --- ---  ---

FeL4
2(H2O)2 21798.84  M-L Charge transfer

1H NMR spectra
 The proton NMR spectra of the H2L4 li-
gand and its complexes were recorded in DM-
SO-d6 solution using TMS as the internal stan-

dard. The 1H-NMR spectra of the Zn (II) and Cd 
(II) diamagnetic complexes exhibited sharp sig-
nals. This can be attributed to the rapid nucle-
ar spin-lattice and spin-spin relaxation caused 
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by the fluctuating magnetic field, which arises 
from the presence of unpaired electrons. The 
sharp resonance signals and the presence of 
spin-spin splitting confirmed the diamagnetic 
nature of these complexes. In the proton NMR 
spectrum of the ligand, a multiplet in the range 
of δ 7.41–7.75 ppm was observed, which can 
be attributed to the aromatic protons. The cy-
clohexane protons resonated in the region of δ 
1.367-1.497 ppm, and two CH2 groups exhibited 
singlets at δ 2.258 and δ 3.706 ppm, respective-
ly. The azomethine proton appeared as a singlet 
at δ 8.091 ppm. The phenolic and carboxylic OH 
groups showed broad signals at δ 12.29 ppm, 
which disappeared upon deuteration. 
 In the complexes, the azomethine pro-
ton resonated as a singlet at δ 8.057 ppm. This 
shift suggests the involvement of the azome-
thine nitrogen in coordination bonding. Addi-
tionally, the broad signals from the phenolic and 
carboxylic OH groups disappeared in the com-
plexes, indicating the deprotonation and coor-
dination of the oxygen atoms. Hence, the pro-
ton NMR spectra provide valuable information 
about the ligand and its complexes, confirming 
their diamagnetic nature and revealing the coor-
dination bonding and deprotonation events.

IR spectra
 The infrared (IR) frequencies and their 
tentative assignments are summarized in Ta-
ble-3. The IR spectra of the ligand and its metal 
complexes were recorded in the range of 4000-
400 cm-1.
 The H2L4 ligand exhibited a band at 1689 
cm-1, corresponding to the stretching frequency 
of the νC=O bond. In all metal complexes, this 
band was shifted to lower frequencies, ranging 
from 1640-1620 cm-1. This shift suggests the in-
volvement of the oxygen atom from the hydroxyl 
group of the COOH moiety in bonding with the 
metal ions.
 The azomethine vibration in the H2L4 
ligand appeared at 1638 cm-1. After complex-
ation, this vibration shifted to lower frequencies 
and appeared at around 1589-1620 cm-1 in all 
the complexes. This shift indicates the participa-
tion of the azomethine nitrogen in coordination 
to the metal ion. Table 3 provides a description 
of the IR stretching frequencies observed for the 
ligand and its metal complexes.
Table: 3IR starching frequencies of ligand and 
its metal complexes

Compound ν (C=N) ν (C=O) ν (C-O) ν (C-O) ν (H2O) ν (M-O) ν (M-O) ν (M-N)

H2 L4 1638 1689 1259 1239 ------ ------ ------ ------

[Cr(L4) (H2O)2 Cl] 1598 1621 1308 1242 835 672 537 450

[Fe(L4) (H2O)2 Cl] 1589 1632 1308 1213 834 654 505 450

[Co2(L4 )2 (H2O)2] 1618 1637 1279 1240 855 648 501 456

[Cu2 (L4 )2 (H2O)2] 1588 1621 1289 1242 836 655 493 459

[Mn2 (L4)2(H2O)2] 1618 1643 1283 1250 833 646 508 455

[Ni2 (L4)2(H2O)2] 1618 1635 1301 1250 826 647 529 455

[Zn(L4) (H2O)] 1620 1632 1321 1261 833 692 507 456

[Cd(L4)(H2O)] 1618 1640 1283 1250 859 646 508 455

[Hg(L4 ) (H2O)] 1620 1641 1269 1249 831 646 507 455

[ZrO(L4 ) (H2O)] 1585 1632 1321 1261 834 641 520 483

[VO(L4 ) (H2O)] 1620 1645 1308 1255 828 651 502 478

ESR spectra
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 The powdered samples of Cu (II) VO 
(II) and Cr (II) complexes were used to obtain 
X-band ESR spectra at room temperature. 
ESR spectrum of Cu (II) complex of H2L4 

 The g tensor values associated with this 
spectrum are provided in Table 4. These g ten-
sor values confirm the C2V symmetry of the Cu2+ 
ion, which is penta-coordinated. In the case of 
a Cu(II) complex with low symmetry, the fun-
damental state for the paramagnetic electron 
is described by a mixture of d functions. The 
degree of mixture increases as the symmetry 
of the complex decreases. The low symmetry 
is further supported by the high values of the 
g tensor. In geometries such as elongated oc-
tahedral, square pyramidal, or square planar, 
the ground state term is described by the dx2-y2 
orbital. This suggests that the electronic con-
figuration of the Cu(II) complex with the H2L4 li-
gand is consistent with one of these geometries. 
Therefore, the ESR spectrum and the g tensor 
values provide insights into the symmetry and 
electronic configuration of the Cu (II) complex, 
supporting the presence of low symmetry and 
a ground state term associated with the dx2-y2 
orbital.

 Where λ represents the coupling con-
stant for the Cu (II) ion, and E represents the 
orbital energies. In these cases, the relation g|| 
> g⊥ > 2.0023 is expected, which corresponds 
to a normal spectrum. When the structure of 
the Cu (II) complex is trigonal bipyramidal or 
compressed octahedral, the ground state is 
described by the dz2 orbital. In such cases, the 
perpendicular and parallel components of the g 

tensor can be described by the following equati-
on:
 g⊥ = 2.0023 + (λ / 3E)
 g|| = 2.0023 - (2λ / 3E)
 Here, g⊥ represents the perpendicular 
component of the g tensor, and g|| represents 
the parallel component of the g tensor. This 
equation provides a relationship between the 
coupling constant, orbital energies, and the g 
tensor components, allowing for the determi-
nation of the g tensor values in complexes with 
trigonal bipyramidal or compressed octahedral 
structures.
  gǁ = ge =2.0023
 g┴ = gx=gy=2.0023±
 
 =2.0023±
 An ESR spectrum of this type is cha-
racterized by g⊥ > g|| = 2.0023, indicating an 
inverse spectrum. In intermediate situations, a 
rhombic spectrum exhibiting three g values may 
be observed. For example, if the geometry of 
the complex is intermediate between square 
pyramidal and trigonal bipyramidal, the ground 
state is a linear combination of the dx2-y2 and 
dz2 orbitals. In such cases, a parameter R can 
indicate the predominance of either the dz2 or 
dx2-y2 orbital in the ground state.
R = (gy - gz) / (gx - gy), where gx > gy > gz.
 If R is greater than 1, the contribution 
to the ground state arises from the dz2 orbital. If 
R is less than 1, the contribution to the ground 
state arises from the dx2-y2 orbital. The ESR 
spectrum of the Cu (II) complex Cu2(L4)2(H2O)2 
shows g⊥ > g||. In such cases, two alternative 
geometries are conceivable, one approaching 
the limit of a square pyramidal structure and 
the other approaching a trigonal bipyramidal 
structure. ESR spectroscopy can distinguish 
between these two situations. The spectrum of 
the Cu2 (L4)2(H2O)2 complex supports a trigonal 
bipyramidal geometry. It exhibits an axial sym-
metry with two g values (g⊥ > g||, g|| = 2.06835, 
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g⊥ = 2.16736), and the g factor corresponding 
to the higher symmetry axis is practically coin-
cident with ge. This indicates that the electron 
is delocalized in the dz2 orbital of the Cu (II) 

ground state, and the penta-coordinated system 
is strongly shifted towards the trigonal bipyrami-
dal geometry.

Table: 4 ESR-spectral data of Cu (II) complex of H2L4 ligand and bonding coefficient parameters.
Complex gx g y g z R Ground state Geometry

Cu2(L4)2(H2O)2 2.06835 2.06835 2.16736 ∞ dz
2 Trigonal bipyramidal

Thermal analysis
 The thermogravimetric analysis (TGA) 
curve of the complex displays a disintegration 
pattern within the temperature range of 40-
258°C. The thermogram reveals weight loss 
between 40-100°C, which can be attributed to 
the loss of five lattice H2O molecules. The ob-
served weight loss percentage is 9.715%, while 
the calculated weight loss percentage is 9.77%. 
The complex initiates weight loss at 100°C, 
indicating the presence of coordinated water 
molecules. After 100°C, weight loss continues 
up to 232°C, which corresponds to the loss of 
the naphthaldehyde part of the ligand along with 
water molecules. The observed weight loss per-
centage during this stage is 41.312%, while the 
calculated weight loss percentage is 41.52% as 

shown in the table 5..
This suggests that the complex was both hygro-
scopic and hydrated. From 232°C to 253°C, a 
sharp decrease in weight is observed, indicating 
the loss of the aliphatic part of the ligand. The 
observed weight loss percentage at this stage 
is 32.41%, while the calculated weight loss per-
centage is 33.064%. After 253°C, a flat curve 
is observed, corresponding to the formation of 
metal oxide as the final pyrolysis product. The 
remaining weight percentage at this stage is 
16.32%, while the calculated remaining weight 
percentage is 15.409%. In summary, the TGA 
analysis reveals the thermal decomposition pat-
tern of the complex, including the loss of water 
molecules, ligand components, and the forma-
tion of metal oxide as the final product.

Table 5: Thermal Analysis Data for Mn (II) complex of H2L4 ligand

Complex Temperature 
range(0C)

Mass loss% 
found(cald.) Total mass loss Assignment Metallic 

residue

[Mn2(L)2(H2O)2]

40-100 9.715(9.77) 9.715 2 H2O MnO

100-232 41.312(41.52) 51.027 2H2O, and part of 
ligand 16.32%

232-253 32.41(33.064) 83.437 part of ligand  

Kinetic study
 The kinetic study of the thermal decom-
position of one of the complexes involved the 
investigation of all stages of the decomposition 
process. The obtained kinetic data is summa-
rized in Table 6. Based on the thermal decom-
position data, various kinetic study parameters 
were calculated, including the activation energy 
(E*), pre-exponential factor (Z), entropy of acti-
vation (ΔS*), enthalpy of activation (ΔH*), and 
free energy of activation (ΔG*). The calculations 
were performed using the Piloyan and Novikova 

equation [54] and the Coats and Redfern equa-
tion [29]:
Piloyan-Novikova equation: ln [α/T2] = ln (ZR / 
βE*) - E*/RT
Coats-Redfern equation: ln [g(α)/T2] = ln (ZR / 
βE*) - E*/RT
 In these equations, α represents the 
fraction of the reacted material, T is the abso-
lute temperature, g(α) is the integral mechanism 
function, E* is the activation energy in kJ/mol, 
Z is the pre-exponential factor, β is the heating 
rate, and R is the gas constant. By plotting the 
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left-hand side of the equations against 1/T, a 
straight-line relationship is obtained. The slope 
and intercept of this plot provide the values of 
E* and Z, respectively. Furthermore, the entropy 
of activation (ΔS*), enthalpy of activation (ΔH*), 
and free energy of activation (ΔG*) can be cal-
culated using the following equations:
 ΔS* = ΔH*/T - R
 ΔG* = ΔH* - TΔS*
 By applying these equations, the values 

of ΔS*, ΔH*, and ΔG* can be determined. There-
fore, these kinetic study parameters provide in-
sights into the thermal decomposition behaviour 
of the complex and offer valuable information 
about the reaction kinetics and energetics in-
volved. ΔS*= 2.303(log Zh/kT) R
 ΔH*= E* - RT
 ΔG*= ΔH* -T ΔS*
Where, k and h are the Boltzmann and Planck 
constant, respectively.

Table 6: Kinetic and thermodynamic parameters of complexes

Complex

M
et

ho
d

Te
m

p(
0 C

) Decomposition 
Stage,

E* Z ΔS* ΔH* ΔG*

(KJ/
mol) (S-1) (J.K-

mol-1)
(kJ.

mol-1)
(kJ.

mol-1)

[HgL.H2O.Cl]

P-N 73.5 1st 17.48 0.0108 -283.81 14.604 98.358
C-R ---- ---- 15.43 3.306 -236.268 12.55 81.879
P-N 166 2nd 24.55 0.616 -252.208 22.902 110.74
C-R ---- --- 13.12 2.39 -240.934 9.47 105.779
P-N 236 3rd 127.97 20.858 -224.15 74.837 114.167
C-R  ----          ---- 79.07 120.51 -209.564 142.017 106.809

 The high activation energies observed 
in the kinetic study indicate the thermal stability 
of the complex. Higher activation energy implies 
that the decomposition reactions occur at a 
slower rate compared to normal reactions. The 
complex having negative entropy suggests two 
things:
 The decomposition reactions proceed 
at a lower rate than typical reactions. The neg-
ative entropy indicates a decrease in disorder 
or randomness during the reaction. The acti-
vated complex (transition state) possesses a 

more ordered and rigid structure compared to 
the reactants or intermediates. This suggests 
that the reaction involves the formation of a rel-
atively stable and structured intermediate state. 
The values of the free energy of activation are 
similar for both methods employed [30, 31]. This 
implies that regardless of the specific method 
used, the overall energy barrier for the decom-
position process remains consistent. The kinetic 
study of the Zinc (II) complex of H2L4 ligand was 
conducted, and the results and calculations are 
summarized in Table 7.

Table 7: Kinetic and thermodynamic parameters of complexes

Complex Method Temp(0C) Decomposition 
Stage,

E*
(KJ/mol)

Z
(S-1)

ΔS*
(J.K-mol-1)

ΔH*
(kJ.mol-1)

ΔG*
(kJ.mol-1)

[ZnL4(H2O)] P-N 70 1st 19.796 0.3523 -254.8 16.9446 87.4143
C-R ---- --- 20.328 5.085 -232.6 17.4767 79.8007
P-N 166 2nd 8.19 0.5919 -252.54 4.54128 110.87

C-R ---- --- 15.223 3.028 -238.97 11.5735 104.918

P-N 242.75 3rd 158.62 97.45 -211.44 154.332 109.204

C-R ---- --- 124.989 88.46
-212.24 120.701

109.586
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 The complex is thermally stable since 
the value of activation energies is high. The 
negative entropy shows that the structure of 
complex is rigid and ordered. The value of E* is 
comparable for both the methods.
X-ray diffraction study
 The X-ray diffraction was performed for 
the Hg (II) complex of H2L4 ligand to obtain fur-
ther evidences for the structure of metal com-
plex. The diffractogram of Hg (II) complex has 
showed 17 reflections with maximum reflection 
at 2Ѳ=29.657 and d=3.0988. This indicates that 
the Hg (II) complex is crystalline in nature.

Figure 2: PXRD of Hg (II) complex of H2L4 ligand
Antimicrobial activities
 The antibacterial activity of the ligand 
Hg(L)(H2O) was tested against several bacterial 
strains, including Escherichia coli, Salmonella 

enterica, Klebsiella pneumoniae, Staphylococ-
cus aureus, and Streptococcus agalactiae. The 
diameter of the zone of inhibition was measured 
for each strain, and the results were compared 
to the standard drug streptomycin, which had a 
zone of inhibition diameter of 20mm. The results 
showed that Escherichia coli had a zone of in-
hibition diameter of 15mm, Salmonella enterica 
had 16mm, Klebsiella pneumoniae had 11mm, 
Staphylococcus aureus had 19mm, and Strep-
tococcus agalactiae had 17mm. These values 
indicate that the antibacterial activity of Hg(L)
(H2O) against the tested bacterial strains is 
less than that of streptomycin. Furthermore, the 
complexes formed by the ligand H2L4 and other 
compounds also exhibited lower antibacterial 
activity compared to H2L4 alone.
 Regarding the antifungal activity, the 
ligand Zn(L)(H2O) was tested against the fun-
gus Aspergillus flavus. The diameter of the zone 
of inhibition was found to be 24mm. This value 
was compared to the standard drug flucanazole. 
Additionally, the antifungal activity of H2L4 and 
its other complexes were also evaluated and 
compared. The results indicate that the ligand 
Zn(L)(H2O) exhibited a larger zone of inhibition 
compared to flucanazole, suggesting stronger 
antifungal activity. However, the specific values 
for H2L4 and its complexes are not provided in 
the given information.
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Table 8: Results of Antibacterial and Antifungal activity of H2L4
 ligand and its complexes

Antibacterial activity Antifungal Activity
Zone of inhibition (mm)
Bacteria Zone of inhibition (mm)
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H2L4 5 11 9 3 11 NF NF

Cr(L)(H2O)2Cl 6 10 12 7 09 NA NF

Fe(L)(H2O)2
.Cl 4 14 15 4 6 NA NA

Co2(L)2(H2O)2 4 11 12 6 11 NF NA

Ni2(L)2(H2O)2 3 5 12 5 6 NA NA
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Mn2(L)2(H2O)2 5 4 13 5 7 NF NA

Cu2(L)2(H2O)2 6 14 11 8 11 NF 4

Zn(L)(H2O) 8 6 10 5 09 NA 20

Cd(L)(H2O) 7 16 11 6 12 NF NA

Hg(L)(H2O) 15 16 11 19 17 NA NA

ZrO2(L)2(H2O)2 8 19 10 15 11 NF NF

VO2(L)2(H2O)2 5 5 09 4 7 NA NF

Streptomycin 22 20 11 21 20 20 NA

Flucanazole NA 92 2
Control (DMSO) NF NF NF NF NF Control (DMF) NF NF

NF- Inhibition Zone not found       NA- Antimicrobial activity not carried 

Cr(III), Fe(III) complexesZrO(II) VO(II) complex-
es
Conclusion
 In this study, we have successfully syn-
thesized Schiff  base ligands and their metal 
complexes using microwave-assisted synthe-
sis. The Schiff  base ligand is derived from Ga-
bapentin (GBP) and 2-hydroxynaphthaldehyde. 
The ligand acts as a bidentate ligand, coordi-
nating through the nitrogen atom of the azome-
thine group and the oxygen atom of the pheno-
lic group. Based on various spectroscopic data 
and stoichiometries, we propose that the metal 
complexes exhibit diff erent geometries. Specif-
ically, we suggest an octahedral geometry for 
the complexes of Cu (II), Co (II), Mn (II), Ni (II), 
Cr (III), and Fe (II) with a metal-to-ligand ratio 
of 1:2. For the complexes of Zn(II), Cd(II), and 
Hg(II), we propose a tetrahedral geometry with 
a metal-to-ligand ratio of 1:2. Lastly, we propose 
a square pyramidal geometry for the complex-
es of ZrO (II) and VO (II). The use of micro-
wave-assisted synthesis in this study has prov-
en to be advantageous, as it off ers ease, conve-

Figure 3: Antibacterial activity of the ligand H2L4
and its Complexes
 Based on various physiochemical and 
spectral methods, following six coordinate oc-
tahedral structures have been purposed for Co 
(II), Ni (II) , Cu (II) ,Mn (II), Cr (III), Fe (III), Zn (II), 
Cd (II) and Hg (II)complexes. For VO (II) ,ZrO 
(II) complexes, the coordination number 5 has 
been allocated with square pyramidal geometry. 
The structures of these complexes can be rep-
resented as: 

Proposed structure of diff erent complexes of 
H2L4 ligand
Cu(II), Co(II), Ni(II), Mn(II)  Zn(II), Cd(II), Hg(II)
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nience, speed, and environmental friendliness 
compared to conventional synthesis methods. 
Based on the comprehensive characterization 
data, we present the proposed structures for the 
synthesized metal complexes.
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Abstract

 To investigate the in vitro and in vivo 
antioxidant and antidiabetic activity of 
Zephyranthes citrina seeds belong to the family 
Amaryllidaceae. Successive extraction was 
carried out using butanol and methanol as 
solvent system. Various phytochemicals were 
screened for alkaloids,, phenols, flavanoids, 
steroids etc. For in vitro antioxidant properties 
were evaluated using Diphenyl picryl hydrazyl 
(DPPH) radical scavenging method and 
reducing power assay and for in vivo antioxidant 
and antidiabetic testing done by using yeast 
cells. Methanolic extract of Z. citrina showed 
potent scavenging activity by DPPH method 
around 83.72% activity at a concentration of 
5mg/ml. The reducing power activity of the 
extracts were evaluated using ferro cyanide as 
substrate, this shows how efficiently Fe3+ 
converts to Fe2+ in presence of extract. In vivo 
antioxidant capacity of methanol extract of Z. 
citrina was tested using to stress deficient 
antioxidant mutants which had high homology 
to humans such as superoxide dismutase 
(sod1∆,), catalase (cta1∆) in growth recovery 
assays. Methanol extract of Z. citrina seeds 
pretreatment exposed to hydrogen peroxide 
showed two-fold increase in the viability of 
antioxidant mutant strains cta1∆ (76.72%) and 

sod1∆ (78.27%). The glucose uptake by yeast 
(S. cerevisiae) was significantly more in all 
groups tested compared to control. The plant 
extract with 500µg concentration showed the 
maximum inhibition activity i.e., 54.54%. 

Keywords: ROS, Antioxidant, Zephyranthes 
citrina,, Oxidative stress, Saccharomyces 
cerevisiae

Introduction

 Oxidative stress results with an 
imbalance between prooxidant/antioxidant that 
leads to generation of reactive oxygen species 
(ROS) such as hydrogen peroxide, superoxide 
and hydroxyl radicals etc. Ionizing radiation, 
redox-cycling chemicals in the environment or 
exposure to heavy metals are few alternate 
ways of ROS formation. Reactive oxygen 
species have been implicated in the induction 
and complications of diabetes mellitus, age 
related eye disease and neurodegenerative 
diseases such as Parkinson’s disease 
(Cheeseman et al., 1993). The effect of ROS in 
the cells is balanced by the antioxidants, which 
also play an important role in health maintenance 
and prevention of chronic and degenerative 
diseases (Lobo et al., 2010; Pham-Huy et al., 
2008; Phaniendra et al., 2015; Valko et al., 
2004; Valko et al., 2007). The cellular 
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components and the impact of oxidative stress 
on such chronic and degenerative diseases are 
being studied by researchers using in vitro and 
in vivo models.

 Diabetes, is one such chronic disorder 
which is often referred to by doctors as Diabetes 
mellitus describing a group of metabolic disease 
in which the person has high blood glucose, 
either because insulin production is inadequate 
or because the body cells do not respond 
properly to high blood sugar levels, this may 
lead to frequent urination (polyuria), increased 
levels of thirst (polydipsia) and increased levels 
of hunger (polyphagia) (De Fronzo et al., 2004; 
Velho et al., 1997; Wang et al., 2013). Other 
than insulin, other hormones that affect blood 
sugar levels are glucagon and epinephrine. 
Diabetes mellitus is caused because firstly the 
Beta cells of pancreas are destroyed due to 
autoimmune disorder. So no incident production 
is happening and no uptake of glucose from the 
bloodstream. Secondly Insulin is produced but 
the receptor mutated leading to know update of 
the glucose (Cheng et al., 2005). The treatment 
for Diabetes usually involves hormone therapy 
and few plant-based drugs like metformin (Rao 
et al., 1998; Xiu et al., 2001). Usually insulin is 
taken for correcting the disorder, but insulin 
being expensive calls and finding for cheaper 
plant-based alternatives, this is a great motivator 
for evaluation of various medicinal plants for 
possible antidiabetic activity (Bhutani et al., 
2010; Heinrich et al., 2004).

 Various plants have been studied for 
their phytochemical properties In vitro for 
decades. Once was such species of plant is 
Zephyranthes which is mostly known for its 
ornamental and medicinal values. It belongs to 
the Family of Amaryllidaceae and is extensively 
studied for its chemical constituency. Although 
various phytochemical assays have been done 
on the species (Singh & Katoch 2015), managed 
to profile all the important phytochemicals 
observed from it. Numerous pharmacological 
studies have been reported from different 
species of Zephyranthes. Pharmacological 

activities of these species are majorly because 
of alkaloids present in these plants. Various 
activities reported by various research groups 
include antimicrobial, anticancer, antidiabetic, 
antimitotic, acetylcholinesterase as well as 
antineoplastic activities. Other than these 
properties the species exhibits cytotoxic effects. 
These physiochemical effects are attributed to 
the biological compounds present in the plant 
which include phenolic acids, terpenoids and 
flavonoids. The genus Zephyranthes has great 
potential for exploring the chemical compounds 
for identification and isolation for different 
pharmacological activity. Various species are 
known but only few of them are investigated for 
their phytochemical constituents. The 
information compiled in this review will help the 
researchers to use this genus for societal 
benefits. 

 In this study we have chosen 
Zephyranthes citrina seeds for evaluation of its 
various biological properties.

Materials and Methods 

Collection of seeds

 Zephyranthes citrina seeds were 
collected from a household garden near 
Gardens of Bengaluru, Karnataka, India. It was 
collected and stored prior to the commencement 
of the work as the flower blooms after the rain 
and are easily accessible at that stretch of the 
months of July to August. The seeds were dried 
and coarsely powdered. 

Preparation of plant extract 

 The coarsely powdered seeds were 
subjected to successive Soxhlet extraction 
using solvent butanol and methanol.

Qualitative phytochemical screening

 The phytochemical screening of the 
extracts of the plant was done out to know what 
are the class of organic compounds present in 
the different extracts of the seeds selected for 
the study, which will further facilitate for the 
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identification of active constituents and their 
isolation (Koleva et al., 2002).

In vitro antioxidant evaluation

 Antioxidant properties were evaluated 
using Diphenyl picryl hydrazyl radical 
scavenging method and reducing power assay 
(Blois et al., 1958; (Aruoma et al., 1997).

In vivo antioxidant testing

Chemicals, Yeast strains, and growth 
conditions 

 Astaxanthin was purchased from Sigma 
(St. Louis, MO, USA). Culture media components 
and other chemicals were purchased from 
Himedia Laboratories (Mumbai, India). The 
Yeast, S. cerevisiae deletion strain (sod1∆, 
sod2∆, tsa1∆, cta1∆, ctt1∆, pep4∆ and fis1∆ ) 
collections constructed in the wild type, BY4741 
(MATahis3∆: leu2∆:met15∆:ura3∆) was 
obtained from Thermofischer Scientific USA, 
Yeast strains were grown in YPD medium 
containing 2% (w/v) bacteriological peptone, 
1% yeast extract, 2% Dextrose  with  or without 
supplemented with  200 µg/ml of Geneticin 
(G418 sulphate) for selection,  for solid YPD 
agar media, 2% Bacto agar was used in addition 
to YPD liquid media) (Aruoma et al., 1997)..

Optimization of Z. citrina Seeds Concentration 

 The exponentially grown wild type was 
treated or untreated with different concentrations 
(10-50µM) of astaxanthin.  After incubating the 
cells overnight, the cells were 10 times serially 
diluted and spotted on to YPD plate or spread 
on to YPD plate for colony forming unit (CFU). 
After incubating the plates for 2 days, spot 
plates were imaged and CFU was counted and 
expressed as percent cell survival compared to 
control. 

Antioxidant properties of Z. citrina seeds in 
S. cerevisiae  

 Exponentially grown yeast S. cerevisiae 
wild type (BY4741) and antioxidant mutants, 
superoxide dismutase (sod1∆) catalase (cta1∆) 

were treated or untreated with PE (500µg/ml) 
for two hours.  Cells were then 10 times serially 
diluted for 5 times and 5µl were spotted onto 
YPD or YPD plate containing H2O2 (2mM). 
Culture plates were incubated at 30°C for 2 
days and images were taken using gel doc 
(Syngene, Australia). For CFU assay, 
exponentially growing cells were pre-treated 
with or without of Z. citrina (500µg/ml)) for two 
hours followed by exposure to H2O2 (1mM) for 
one more hour in a shaker incubator at 30°C. 
Cell viability was determined by plating the cells 
with an appropriate dilution in triplicate on 
solidified YPD plate. After incubating the plates 
for 2 days, CFU was counted and expressed as 
percent cell survival compared to control (de Sá 
et al., 2013; Dehshahri et al., 2012; Pereira et 
al., 2001). 

Measurement of ROS level

 The ROS scavenging ability of 
astaxanthin was determined by measuring the 
accumulation of ROS in the cells using 
fluorescence dye called 2,7-dichlorofluorescein-
diacetate (H2DCF-DA) (Ramamoorthy et al., 
2007).

Test for antidiabetics

Glucose uptake by yeast cells

 This was achieved by a series of 
centrifugations and incubations, the percentage 
increase in glucose uptake by yeast cells was 
calculated using the following formula:

Result and Discussion

Extraction yield of the plant extract

Butanol and methanol are used for the extraction 
of the plant metabolites. Before starting with the 
assay, the yield of the plant extracted is 
calculated. The yield of the solvent extract is 
given in Table No. 1 & 2 & Graph 1. 
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Table 1. Yield, color and consistency of the 
extract of Zephyranthes citrina seeds

Zephyranthes 
citrina 

extracts

Yield 
(grams)

Color and 
consistency

Butanol 00.65 Dark brown 
(gummy)

Methanol 10.37 Dark brown 
(gummy)

 The phytochemical analysis of the seed 
extract (butanol) showed the presence of 
glycosides, carbohydrates and fl avonoids. 
Whereas the seed extract (methanol) showed 
presence of alkaloids, fl avonoids, steroids, 
glycosides, carbohydrates and phenols.. 
Phytochemical analysis helps to understand the 
components present in the plant extract. Thus, it 
is important to assay the extract for various 
metabolites and components (Bhat et al., 2011). 
In this experiment we found that the steroid and 
fl avanoid content in the plant extract was 
positive.

Table 2. Qualitative phytochemical analysis of 
Zephyranthes citrina seed extracts

Qualitative Tests
Zephyranthes citrina 

seed extracts
Butanol Methanol

Alkaloids Mayer’s test 
Wagner’s test

-
-

+
+

Steroids
Libermann 
sterol test

Solkowski’s 
test

- +
+

Glyco
sides

Sulphuric acid 
test 

Molisch’s test
-
+

+
+

Carbo
hydrates

Molisch’s test
 Anthrone test

+
̶

+
̶

Saponins Aqueous test ̶ ̶

Flavones
Aqueous 

NaOH test
Conc. H2SO4

test

+

-

+

+

Phenols Lead acetate 
test - +

Tannins Lead acetate 
test - +

Graph 1. Yield of butanol and methanol Z. citrina
seed extracts (ZCSE)

 This study showed that the presence of 
these phytochemicals in these plant extracts 
might be the reason for antioxidant and 
antidiabetic properties. The presence of these 
phytochemicals indicates that these may be 
responsible for enhancing the glucose uptake 
by the yeast cells, the reduction capability of 
DPPH radicals. 

Determination of DPPH radicals Scavenging 
activity 

 DPPH is stable free radical at room 
temperature and accepts an electron or 
hydrogen radical to become a stable diamagnetic 
molecule (Blois et al., 1958). The reduction 
capability of DPPH radical is determined by the 
decrease in its absorbance at 517nm, which is 
induced by antioxidants. The decrease in the 
absorbance is caused by the reaction between 
antioxidants molecules and radicals, which 
results in the scavenging of the radical by 
hydrogen donation (Kato et al., 1998). It is 
visibly noticeable as a change in color from 
purple to yellow. From the results we infer that 
the methanol extract of Zephyranthes citrina 
showed more potent scavenging activity by 
DPPH method than the butanol extract. 

 This is an indication of antioxidant 
property. This result clearly suggested that the 
plant extract contain antioxidant properties 
which was further assayed in-vitro. In the in-
vitro analysis, the most common method DPPH 
assay was performed which gives accurate 
results (Lai et al., 2001). Earlier studies of the 
other species of the plant has shown antifungal, 
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antimicrobial and anti-cancer properties (Funke 
et al., 2006; Gorray et al., 1986; 
Shanmugasundaram et al., 1990). Further 
studies on the extract, like hydrogen peroxide 
assay and radical scavenging assay showed 
that the antioxidant property was present. There 
are various methods available to assess 
antioxidant activity of compounds. DPPH free 
radical scavenging assay is an easy, rapid and 
sensitive method for the antioxidant screening 
of plant extracts (Wang et al., 2011; Jiju et al.,
2013). In presence of an antioxidant, DPPH 
radical obtains one more electron and the 
absorbance decreases (Zhinshen et al., 1999; 
Malick et al., 1980). In this study, the scavenging 
activity of methanol extract was found to be 
dependent on the dose. Though the DPPH 
radical scavenging abilities of the extract was 
less than that of ascorbic acid (Aruoma et al.,
1998), the study showed that the extract has the 
proton-donating ability and could serve as free 
radical inhibitors or scavenger, acting possibly 
as primary antioxidant.

Table 3. Percentage of DPPH scavenging 
activity by Zephyranthes citrina seed extracts

Sample O.D. at 
517 nm

% of DPPH 
s c a v e n g i n g 
activity

1 mg/ml butanol extract 0.429 27.28

3 mg/ml butanol extract 0.364 38.30

5 mg/ml butanol extract 0.295 50.00

1 mg/ml methanol extract 0.389 35.59

3 mg/ml methanol extract 0.171 71.18

5 mg/ml methanol extract 0.096 83.72

Reducing Power activity (Table 4)

 The result shows the reductive 
capability of the extract to potassium Ferro 
cyanide at diff erent time interval. Here we 
investigate the Fe3+ to Fe2+ transformation in the 
presence of plant extract. The reducing 
capability of the extract can be monitored by the 
formation of blue color at 700nm. The maximum 
reducing power activity was found in methanol 
extract of plant 0.057 at 20 minutes and for the 
butanol plant extract maximum reducing power 

activity was found 0.037 at 30 minutes.

Table 4: Reducing power activity in terms of 
absorbance at 700nm

ZES (1mg/ml)
O.D at 
700nm 
(10mins)

O.D at 
700nm 
(20mins)

O.D at 
700nm 
(30mins)

Butanol extract 0.028 0.033 0.037
Methanol extract 0.042 0.057 0.049

In Vivo testing

Methanol extract of Z. citrina seeds protects 
antioxidant mutants under oxidative stress 
(Graph 2 & Figure 1)

 The yeast seems to be a potentially 
useful eukaryotic model for studies of the eff ects 
of antioxidants at the cellular level, an alternative 
to mammalian cell lines and also yeast has 
provided signifi cant information on oxidative 
stress and the mechanisms employed by cells 
in response to increased ROS. To analyze the 
antioxidant eff ect of methanol extract of Z. 
citrina seeds in S. cerevisiae   cells against the 
hydrogen peroxide induced oxidation, fi rst we 
carried out if methanol extract of Z. citrina seeds 
treatment would kill S. cerevisiae cells.  

Graph 2: Antioxidant activity by CFU assay

Figure 1. Spot assay of methanol extract of Z. 
citrina seeds protects antioxidant mutants under 
oxidative stress (ZCSE)
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 The results showed that treatment with 
astaxanthin in the range of 10-50µM was not 
toxic to wild type strain and the cells continued 
to reach more than 100% growth compared to 
its untreated control. Since the cell growth was 
not affected by the astaxanthin, we decided to 
study its antioxidant, anti-apoptotic and 
antiaging capacity using the minimum 
concentration of astaxanthin (30µM) at which 
maximum percent growth (110%) was observed 
compared to untreated control. Thus, we directly 
exposed the wild type cells to methanol extract 
of Z. citrina seeds in different concentrations. 
Tolerance against methanol extract of Z. citrina 
seeds was measured after overnight exposition 
by CFU studies. The results showed that 
treatment with methanol extract of Z. citrina 
seeds in the range of 50-700µg/ml was not toxic 
for the wild type strain and cells continued to 
reach 100% tolerance in CFU. Since cells were 
not affected by the methanol extract of Z. citrina 
seeds we decided to study its antioxidant 
capacity using the minimum concentration of 
methanol extract of Z. citrina seeds (500 µg/ml) 
at which maximum percent growth (107%) was 
observed compared to untreated control.

 The enzymatic machinery consisting of 
superoxide dismutases, reductases, catalases, 
peroxiredoxins, glutaredoxins, and glutathione 
transferases is utilized to maintain redox 
balance In addition to the enzymes, antioxidant 
small molecules are produced by the organism 
or taken up from the environment, which can act 
to delay or prevent oxidation of intracellular 
substrates such as lipids, DNA, or proteins. 
Such compounds have been at the center of an 
intense focus of research for their association 
with health-promoting properties (Bowers et al., 
1980; Wilson et al., 1966; Sasaki et al., 1966).

 To evaluate the antioxidant  capacity of   
methanol extract of Z. citrina seeds to protect 
yeast cells compromised antioxidant 
mechanism, we used 2 stress deficient 
antioxidant mutants which have high homology 
to humans such as superoxide dismutase 

(sod1∆,), catalase (cta1∆) in growth recovery 
assays (Sanchez- Moreno et al., 2002; Daivies 
et al., 2000). Hydrogen peroxide inside the cell 
after metabolic activation produces free radicals 
which can oxidize the organelles nearby and 
leads to oxidative stress. In the present study 
the antioxidant mutants sod1∆, cta1∆, and wild 
type were treated and untreated with methanol 
extract of Z. citrina seeds and subjected to 
hydrogen peroxide stress. The recovery of the 
surviving cells with astaxanthin was monitored 
for a period of 48-72 hrs. All the growth recovery 
assays were performed independently in 
triplicate. In the results there was a statistical 
difference, the antioxidant mutants sod1∆, 
cta1∆, were sensitive to 2mM Hydrogen 
peroxide. Whereas methanol extract of Z. citrina 
seeds treated cells showed the better survival 
growth in hydrogen peroxide induced stress 
plate indicated the rescued mechanism of 
methanol extract of Z. citrina seeds to antioxidant 
mutants from oxidative stress in spot assay 
studies. The hydrogen peroxide toxicity is 
associated with the production of the highly 
reactive hydroxyl radicals which are catalyzed 
by transition metals, such as iron and copper by 
fenton reaction in cells (Dasgupta et al., 2004; 
Jain et al., 2006). Methanol extract of Z. citrina 
seeds also protects antioxidant mutant sod1∆, 
cta1∆, strains from cell death induced by 
H2O2(1mM) in CFU study similar to the 
phenotype (spot assay) results. The cytosolic 
copper-zinc superoxide dismutase (sod1)  and  
catalase A (cta1)  gene which helps  to  breaks 
down hydrogen peroxide during fatty acid 
metabolism and scavenges O2- radicals  and the 
lack of these gene in respective strain  showed 
more sensitivity  such as 48.41% and 50.91% to 
hydrogen peroxide induced oxidative stress,  
but methanol extract of Z. citrina seeds pre-
treatment exposed to hydrogen peroxide 
showed  two  fold increase in the viability of  
antioxidant mutant strains  cta1∆(76.72%), and 
sod1∆(78.27%)  indicating the lack of these 
gene function  in respective strain was carried 
out by methanol extract of Z. citrina seeds  in 
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protecting the oxidative  stress (Krishnaiah et 
al., 2007).  Our overall result indicated the 
methanol extract of Z. citrina seeds protects 
oxidative stress caused by hydrogen peroxide. 

 The extract was then used on yeast cell 
lines for in vivo test. The enzymatic machinery 
consisting of superoxide dismutases, 
reductases, catalases, peroxiredoxins, 
glutaredoxins, and glutathione transferases is 
utilized to maintain redox balance (Sadasivam 
et al., 1987; Gacche et al., 2004). In addition to 
the enzymes, antioxidant small molecules are 
produced by the organism or taken up from the 
environment, which can act to delay or prevent 
oxidation of intracellular substrates such as 
lipids, DNA, or proteins (Lowry et al., 1951; 
David et al., 2008; Hatano et al., 1989; Chang et 
al., 2002). Such compounds have been at the 
center of an intense focus of research for their 
association with health promoting properties. 
The in vivo tests helps to take the research 
further as the extract did not show high 
cytotoxicity, it can be used to test on animal cell 
lines for clinical research (Karthic et al., 2008). 
The overall result indicated the methanol extract 
of Z. citrina seeds protects oxidative stress 
caused by hydrogen peroxide (Kobayashi et al., 
2003). 

Methanol extract of Z. citrina seeds 
Scavenges ROS by DCFDA 

 Biomarkers of oxidative stress are 
extremely useful in evaluating antioxidant and 
cytotoxic activity. Among them intracellular 
oxidation is one of the best characterized and 
explored biomarker to detect oxidative stress in 
cells.  In this work we used the fluorescent probe 
2,7dichlorofluorescein diacetate (H2DCF-DA) to 
determine the levels of intracellular oxidation to 
wild type and antioxidant mutants during H2O2 
stress (Fradovich et al., 1986; Ohkawa et al., 
1979). H2DCF-DA is a fluorogenic probe that 
can permeate inside the cell by passive diffusion 
and deacetylated by cytosolic esterases yielding 
H2DCF which is more polar than the parent 

compound and becomes susceptible to the 
attack by ROS, yielding a high fluorescent 
product (Behera et al., 2006; Harries et al., 
1935). The fluorescence of H2DCF cells is 
proportional to the amount of ROS produced in 
the cells. In this experiment Oxidative mediated 
cell death in   wild type and mutants are due to 
the generation of ROS by H2O2. To measure the 
level of oxidative stress cells were treated with 
the redox sensitive fluorochrome (H2DCF-DA) 
as described in method. The levels of intracellular 
oxidation were measured in flurometer and in 
fluorescent microscope (Lee. et al., 1992; Rose 
et al., 1982). Direct exposure of H2O2 to cells  
produced an increase of  H2DCF fluorescence 
in the  mutants compare  to wild type strain 
indicating mutants  are more susceptible to 
hydrogen peroxide oxidative stress but in  PE  
treated  a reduction of  H2DCF oxidation was 
observed in antioxidant mutants  such as 
superoxide dismutase (sod1∆) and catalase 
(cta1∆), indicating PE reduces oxidative stress 
caused by hydrogen peroxide and can act as 
ROS scavenger.

Figure 2: Methanol extract of Z. citrina seeds 
scavenges ROS by DCFDA (ZCSE) 
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Figure 2: Methanol extract of Z. citrina seeds scavenges ROS by DCFDA (ZCSE)  
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Graph 3: Relative % viability of cells vs 
concentration of astaxanthin

Uptake of glucose by Yeast Cells 

 In this assay, the glucose uptake rate 
increased with the increasing concentration of 
the extracts. The methanol extract with 500µg 
concentration showed the maximum inhibition 
activity i.e., 54.54%. It is specifi ed that transport 
of glucose across yeast cell membrane occurs 
by facilitated diff usion down the concentration 
gradient. Hence the glucose transport occurs 
only if the intracellular glucose is eff ectively 
reduced or utilized (Kandra et al., 2003; Dewi et 
al., 2007; De Sales et al., 2012; Kumar et al., 
2008).

Table 5. Glucose uptake by yeast cells of seed 
extract of Zepharanthes citrina seeds
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Graph 4: Glucose uptake by yeast cells of Z. 
citrina seeds of methanol extract (ZCSE)

 In this present study we have also 
evaluated in vitro alpha amylase and alpha 
glucosidase activity of crude methanol and 
butanol extract of Z. citrina seeds along with its 
Total antioxidant activity. The plant showed 
signifi cant inhibition activity, so further the 
compound isolation, purifi cation and 
characterization which is responsible for 
inhibiting activity, has to be done for the usage 
of antidiabetic agent.

Conclusion

 Ethnomedicinal knowledge of Indian 
traditional medicinal plants may be benefi cial to 
know the potentiality of diff erent medicinal 
plants to yield antioxidant properties. It might 
have been brought by the acknowledgment of 
the signifi cance of the medicinal plants as 
potential sources of new compounds of 
therapeutic interest and as sources of lead 
compounds in the drug development. In the 
present fi ndings, we found that methanolic 
extract of Z. citrina seeds due to the presence of 
various secondary metabolite as per the 
phytochemical analysis and also it contains high 
amounts of phenolic and fl avonoid compounds, 
which may be responsible for exhibiting high 
antioxidant activities. Thus based on a wide 
spectrum of activities exhibited by Z. citrina, the 
plant can be considered as an eff ective 
antioxidant resource for preventing oxidative 
stress mediated disorders and thus may serve 
as a good source for isolating new compounds 
for treatment against antitumor, antidiabetic or 
other neurodegenerative disorders.
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Abstract

	 Indole	 analogues	 are	 very	 significant	
and useful heterocycles, with numerous appli-
cations in synthetic organic chemistry, materi-
al chemistry, medicinal chemistry, and natural 
product chemistry. Based on existing data, re-
searchers have been focusing on developing 
indole-based molecules with new biological and 
pharmacological	effects,	since	many	well-known	
drugs	 	 like	 tadalafil,	 sumatriptan,	 rizatriptan,	
Fluvastatin etc have indole core. In this review 
article, we have described the general features 
and	reactivity	pattern	at	different	positions	of	in-
dole	ring.	 In	addition	to	 this,	different	synthetic	
approaches for the preparation of a series of 
biologically as well as synthetically challenging 
complex heterocyclic molecules having indole is 
also discussed.

Keywords: Indole, Heterocycles, Synthesis, 
Bioactivity, Organic Molecules.

Introduction

 Many organic and medicinal chemists 
are actively involved in the synthesis of indole 
analogues	nowadays.	(1)	For	the	first	time,	Ad-
olf	 von	Baeyer	 used	 zinc	 dust	 to	 separate	 in-
dole from oxindole in 1866. (2) Because many 
pharmaceutical applications are well document-

ed, chemists can use accelerated methods to 
synthesize	 interesting	 indole	 compounds.	 (3)	
Indole based heterocyclic substances that are 
useful	in	our	daily	lives	are	sanitizers(4),	phar-
maceuticals (5,6), bioactive substances (7,8), 
corrosion inhibitors (9,10), pigments (11), co-
polymers (12,13), and construction blocks in 
the production of organic compounds. (14-16)
To produce heterocycles, multicomponent re-
actions have been frequently used, and MCRs 
are an excellent tool for constructing a varying 
set of base materials with potentially interesting 
biological functions in organic compounds. (17-
20) The MCR technique is appealing because 
of its ease of use, high selectivity, and high yield 
while requiring minimal requirements for syn-
thesis. Indole frameworks have long been es-
tablished for their utility in the synthesis of novel 
medicinal molecules. (21-23)

 Adolf von Baeyer, a German scientist, 
developed a number of techniques for indole 
synthesis	 using	 oxindoles	 and	 zinc	 dust.	 (24)
The molecular structure of indole (25) was then 
proposed by him, and it is known as the Fisch-
er Indole Reaction, which was published for the 
first	time	in	1869.	It	was	first	recognised	as	the	
best	and	most	efficient	method	for	synthesising	
indoles	 in	 1883.	 (26)	 Indole	 is	 a	 benzopyrrole	
with	the	benzene	and	pyrrole	rings	fused	at	the	
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2- and 3-positions of the pyrrole nucleus. Many 
organic compounds, such as fungal metabo-
lites, indole alkaloids, as well as marine organ-
ic products, include the indole ring (Fig 1). (27)
In the world of pharmacy, the indole core has 
been discovered to be a very active core since 
various natural compounds with indole as their 
fundamental ring have been discovered to be 
therapeutic drugs. Indole derivatives have been 
discovered to have antibacterial, (28) antibiotic, 
(29)	anti-inflammatory,	(30)	analgesic,	(31)	an-
tiviral, (32) antimalarial, (33) chemotherapeutic, 
(34) antifungal, (35) anti-tubercular, (36) and 
antioxidant properties. (37) The compounds 
also	 show	 agonistic	 effects	 on	 various	 recep-
tors, including the Liver x receptor (LXR) and 
the 5-HT1D (5-hydroxytryptamine) receptors.

 Due to the general unique capacity of 
the resultant molecules to replicate the mole-
cules of peptides as well as bind reversibly to 
subunits, heterocyclic chemistry is one of the 
most important sources for novel molecules 
with wide biological processes. (38-41) The true 
value of heterocyclic compounds, according to 
researchers and scientists, is their capacity to 
create	a	library	based	on	a	single	core	scaffold	
and screen it against various receptor proteins, 
yielding several active molecules. It is possible 
to	build	nearly	infinite	variations	of	fused	hetero-
cyclic compounds, resulting in innovative poly-
cyclic frameworks with various physical, chem-
ical, and biological properties. Because of the 
ability to combine them, the geometric fusion of 
several	 rings	 into	one	well-defined	stiff	polycy-
clic structure promises a high level of system 
expertise. In advancement of our research into 
the synthesis of heterocycles and multi-compo-
nent reactions, and because so many reactions 
are used in the preparation of indole-based het-
erocycles, this review covers the most recent 
applications of indole in the synthesis of hetero-
cycles from 1975 to till date. (42-47) The reac-
tivity of indoles’ C-3 carbon atom in electron-do-
nating	 reactions	 is	discussed	first,	 followed	by	
the MCRs at the N-position of indoles reacting 
as a nucleophilic attack to yield substituted in-

dole derivatives. Indole cycloaddition process-
es, including cycloaddition events involving the 
C2-C3 p-bond as well as the C-N sigma bond. 
Finally, the various indole and derivative-based 
reactions are examined. (48-51)

Reactivity Patterns of Indole

 The indole molecule is a heterocy-
cle that is easy to react with several activated 
olefins.	 As	 far	 as	 chemical	 reactivity	 is	 con-
cerned,	 the	 indole	 is	 active	 at	 four	 different	
places, as indicated in Fig 2, involving nitrogen 
atom 1, carbon atom 3, the C2-C3 p-link, and 
the C2-N sigma link. Strong acids, such as hy-
drochloric acid, can help to protonate the indole 
more easily in comparison to the N-atom be-
cause they protonate the C3 position. Another 
reaction involving indole derivatives is the cy-
clo-addition reaction. Indole’s C2-C3 p-bond 
is prone to cycloaddition processes, while the 
C2-N sigma bonding has also been seen to ca-
talyse cycloaddition processes.

 Various natural chemicals, such as tryp-
tophan 3, have indole as a parent nucleus. In-
dole-3-acetic acid 7 is a plant-based hormone 
that is created when tryptophan is degraded in 
higher plants. Because of their vast range of 
biological and therapeutic applications, indole 
derivatives are of great interest. In this paper, 
we attempt to summarise the essential thera-
peutic activities of indole compounds. (52) The 
role of indole alkaloids like tryptophan in animal 
and human nutrition is well established. In an-
imals, Serotonin 5 is a key neuron transmitter, 
and Reserpine 6 is a blood pressure medicine 
and	tranquilizer.	Mitomycin	4 and its analogues 
have long been used in the treatment of cancer, 
and the usage of indole-3-acetic acid 7 as a he-
teroauxin known as a plant growth hormone has 
helped to strengthen indole chemistry (53,54), 
with the synthesis and separation of indoles 
from nature rising dramatically (Fig 3). The fol-
lowing are some of the important drugs with an 
indole moiety that are utilised as pharmacolog-
ical agents: Sumatriptan 8,	Tadalafil	9,	Rizatrip-
tan 11, and Fluvastatin 10. (54) (Fig 4).
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	 As	 a	 result	 of	 crucial	 findings,	 this	 re-
view provides a thorough examination of con-
temporary indole nucleus applications in a va-
riety of biological domains. Fungi infect many 
people every year, but their impact on the glob-
al burden of illness is largely overlooked, and 
many of them produce small illnesses that kill 
just as many people as tuberculosis or dengue. 
(55) This is attributed to an increase in the num-
ber of people who have a compromised immune 
system or who are immunocompromised due to 
immunodeficiency,	chemotherapy,	or	transplan-
tation. Additionally, due to overuse or improper 
administration of drugs, bacterial diseases have 
become more resistant to them, potentially re-
sulting in a global health disaster. (56) In ad-
dition to this, Methicillin and Vancomycin are 
most commercially accessible drugs, which are 
no longer usable against the current care facil-
ity illnesses. As a result, these drugs were only 
used to treat the most serious cases. As a re-
sult, these drugs are generally used for treating 
the most challenging illnesses as a way to stop 
the spread of resistance. (57-59) Mitomycin is 
a type of biologically active indole alkaloid, and 
its compounds are getting popular due to their 
widespread use as chemotherapeutic drugs 
and their good antimicrobial activities. (60,61)

	 Compounds	with	a	modified	specificity	
profile	can	produce	distinct	and	very	few	undesir-
able	side	effects	when	used	in	accordance	with	
a strategic plan. (62) According to the literature 
study,	triazole-indole	hybrid	molecules	have	al-
ready been produced and are regarded as hav-
ing outstanding properties. (63) Furthermore, it 
was shown that a free N-H in the aromatic ring 
was needed for antimicrobial activities against 
E. coli, K. pneumoniae, and P. aeruginosa. (64)
Because of its nontoxicity, broad protection, and 
good pharmacological qualities, the nucleus of 
triazole	analogues	has	 received	a	 lot	of	atten-
tion (65), and it was discovered that adding the 
sulfur atom, which is an electron rich particle in 
the	triazole	ring,	greatly	improves	the	biological	
activity of the target molecules. (66) This is be-

cause	 the	sulfur	particles	 influence	 lipophilicity	
and	electronic	structure	 in	the	triazole	ring,	re-
sulting	 in	 increased	 transmembrane	 diffusion	
and interaction with macromolecular substrates. 
(67)

Main text: synthetic approach of bioactive 
indoles

 The Fischer indole synthesis was a very 
crucial	and	effective	approach	for	the	develop-
ment of a range of indole intermediates and 
physiologically active chemicals for over a cen-
tury. For synthetic organic chemists, the synthe-
sis and bioactivity of indoles were of prominent 
emphasis, and numerous methods for their 
manufacture have been discovered. Many re-
actions are metal-based synthesis that takes 
place at room temperature in the presence of 
various catalysts, whereas others are acid and 
base catalyst-based reactions. Some of the 
most important are phase transfer reactions.

Metal-mediated synthesis

 Organic molecule formation depends 
heavily on metals and their oxides, which ca-
talyse	many	 reactions	 in	 different	ways.	Sark-
ar	 et	 al.	 synthesized	 2-phenyl-2,3-dihydroiso-
indolinones	 using	 regioselective	 cyclization,	
CuI (Copper Iodide) as catalysts, and PTS 
(Platinum	 Monosulfide)	 analogues	 of	 meth-
an-1-yl-1-ylidene-diphenol as ligands. Under 
aerobic circumstances, the reaction involved 
a one-pot multicomponent process using in-
doles, which are 4-Iodo-N-phenylbenzamide	
and terminal alkynes, followed by a nucleop-
hilic addition (Scheme 1). (68) J. J. Jennings 
revealed the formation of indolylmalonamides 
through a 3-component reaction involving in-
dole, chromene-3-carboxylates, and amines in 
the presence of a Lewis acid catalyst, La(OTf)3 
(Scheme 2). When exposed to long-wavelength 
UV rays, indolylmalonamide molecules demon-
strated	 remarkable	 fluorescence properties 
(366 nm). (69)
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Scheme 1. Synthesis of phenyl-dihydroisoin-
dolinones derivative.

Scheme 2. Synthesis of indolylmalonamides 
derivative. 

 The one-pot, three-component Man-
nich type reaction involving the combination 
of amines, alcohols, and indoles as proposed 
by Singh et al.	 is	 an	 extremely	 effective	 way	
to	 synthesize	 3-amino-alkylated	 indole	 deriva-
tives. In the presence of Fe(NO3)3.9H2O/TEM-
PO(2,2,6,6-tetramethylpiperidin-1-yl)oxyl as 
a catalyst, amines and alcohols were treated 
with potassium hydroxide in toluene to produce 
iminium ions. After that, the iminium ion inter-
acted with indoles to form a new 3-substituted 
indole compound (Scheme 3). (70-72) Shinde 
and Jeong discovered the reaction of indole and 
formaldehyde with tertiary aromatic molecules 
in the presence of silica-supported tungstic acid 
(STA) as a catalyst support under solvent-free 
conditions	to	synthesize	amino	arylated	indole.	
For the synthesis of such amino arylated indole 
analogues, this technique was carried out us-
ing a 3-component Mannich method and Frie-
del-Crafts additions (Scheme 4). (73)

Scheme 3. Synthesis of 3-amino-alkylated in-
doles derivative.

Scheme 4. Synthesis of amino arylated indole 
derivative. 

 Chen et al. also revealed the prepa-
ration of bis-indole variants using N-Methyl in-
dole,	 diazooxindole,	 and	 nitrostyrene	 via	 an	
asymmetrical addition reaction in the presence 
of [Ru] as well as squaramide (O₂C₄(NH₂)₂) as 
catalysts (Scheme 5). (74)

Scheme 5. Synthesis of variants of bis-indole 
derivative.

Acid-catalysed synthesis

 A catalytic process is explained as the 
method of changing the rate of a chemical re-
action	 by	 using	 a	 catalyst	 that	 is	 not	modified	
throughout the chemical process. Catalysis 
pathways can be categorised as either selective 
or	generalized,	depending	on	the	different	mol-
ecules that behave like acids or bases.

 Jiang and Yan have demonstrated 
a three-component procedure for the forma-
tion of analogues such as tetrahydro-1H-in-
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dolin-2-ones. In this synthesis (Scheme 6), a 
one-pot condensation reaction of indole using 
dimedone as well as 3-phenacylideneoxindoles 
in vaporising acetonitrile (MeCN) utilising p-tol-
uene sulfonic acid (p-TsOH) acts as a motivator 
well as 3-phenacylideneoxindoles in vaporising 
acetonitrile (MeCN) utilising p-toluene sulfon-
ic acid (p-TsOH) acts as a motivator. (75) The 
bifunctional indole-3-yl pyridines were manu-
factured by Poomathi and coworkers via an ef-
fective one-pot synthesis of formyl-chromones 
with ammonium acetate in dimethylforma-
mide (DMF) with stannous chloride mediation 
(Scheme 7). (76)

Scheme 6. Synthesis of tetrahydro-1H-indo-
lin-2-ones derivative. 

Scheme 7. Synthesis of indole-3-yl pyridines 
derivative.

 Naureen et al. used a one-pot multi-
component condensation technique to devel-
op indole-based tetra-aryl-imidazoles.	 This	
method (Scheme 8) employs the reaction of 
indole-3-carbaldehydes,	 anilines,	 and	 benzyls	
in acetic acid in the presence of ammonium ac-
etate. The anti-urease action of the produced 
molecules was tested, and the results were pos-
itive. (77) Naureen et al. further developed an-
alogues of 2-phenyl-1H-indoles by condensing 
formyl	 indole,	 benzil,	 and	 ammonium	 acetate	

under	refluxing	acetic	acid	conditions	(Scheme 
9). The compounds were tested for a-glucosi-
dase inhibitory activity and considered to have 
high	inhibitory	efficacy.	(78)

Scheme	 8.	 Synthesis	 of	 tetra-aryl-imidazoles	
derivative.

Scheme 9. Synthesis of phenyl-1H-indoles de-
rivative.

 Bhattacharjee et al. used ammonium 
chloride as a promoter in the one-pot synthesis 
of indole using salicylaldehyde and dimedone 
to produce analogues of tetrahydro-1H-xan-
then-1-one (Scheme 10). (79) So and Mattson 
demonstrated the preparation of glycine prod-
ucts using chiral based phosphoric acid as a 
catalyst. The multi-component linking process-
es	of	indole	compounds,	nitro-diazoester,	or	an-
ilines in methyl tert-butyl ether (MTBE), which 
acts as a solvent, have been used in this meth-
od (Scheme 11). (80)

Scheme 10. Synthesis of analogues of tetrahy-
dro-xanthenone.

N
H

+
p-TsOH

MeCN, reflux, 6h

70-87% yield

+
H3C CH3

O

O
NH2

N

O
Ar

O
O

N
H

N

Ar
N

O

CH3

CH3
R1=H, OMe
R2=H, Cl, F, Me
R3= H, Bn
Ar= Ph, 4-ClC6H4, 4-MeC6H4, 4-OMeC6H4, p-TsOH: p- Toluene sulfonic acid

R1

R2

R3

R1

R3 R2

N

80-94% yield

DMF, 120 °C, 3-5 h

O

O

NH4OAc/SnCl2
.

2H2OCN
O

CHO

N

NC N

HO
O

R1=H, Me
R2=H, Me, Ph
R3=H, 5-OMe
R4=H, 6-Me, 6-OMe, 6-Cl, 6-F, 7-F, 6,8-Cl2

R1R4

R3

R3

R1

R4

R2

R2

+

N
H

+

CHO NH2

+

O
O NH4OAc

CH3COOH, 
reflux, 5-6 hr

N
H

NN

45-88% yield

R1=H, 5-Br
R2=H, 4-Cl, 4-Br, 4CF3
R3=H, 4-Me, 4-OMe, 3-F, 4-Cl, 4-Br

R1

R2
R3

R3

R2R1

N
H

CHO

+

O
O NH4OAc

CH3COOH, 
reflux, 5-6 hr

N
H

NHN

37-89% yield

R1= H, 5-Cl, 5-Br, 5-F
R2=H, 4-Me, 4-OMe, 4-CF3, 4-Cl, 3-Cl, 
4-Br, 3-Br, 4-I

R1
R2

R1

R2

NH4Cl

81% yield

N
H

+
CHO

OH
CH3H3C

O O
+

H2O, r.t., 5h

N
H

CH3

CH3

O

O



Current Trends in Biotechnology and Pharmacy
Vol. 17(Supplementary issue - 3A) 1141 - 1158, August 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2023.3s.52

Sharma et al

1146

Scheme 11. Synthesis of glycine derivative.

 Borah et al.	 synthesized	 the	 function-
alized	 indole	 derivatives	 obtained	 via one-pot 
multicomponent synthesis of analogues of alde-
hydes, cyanoacetyl-indoles, as well as ethyl ac-
etoacetate, with the addition of indium chloride 
(InCl3) under microwave irradiation. The one-pot 
reaction was performed after NH4OAc was em-
ployed as the source of ammonia in this process, 
producing the analogues of indole (Scheme 12). 
(81) Taheri et al. employed a sulfone-containing 
Bronsted acid (ions-based liquid), in a one-pot 
reaction combining indole, salicylaldehydes, 
and 1,1-diphenylethylene to make substituted 
chromane compounds (Scheme 13). (82)

Scheme 12. Synthesis of analogues of cyano-
acetyl-indoles.

Scheme 13. Synthesis of substituted chromane 
derivative.

Base-catalysed synthesis

	 Gordillo-Cruz	 et	 al. showed sever-
al	 steps	 to	 synthesize	 3-substituted	 indoles	

(Scheme 14) using 3-aminomethylindole chlo-
robenzene	 and	 TMSN3 (trimethylsilyl	 azide).	
The	first	step	was	cyclization/substitution,	which	
was subsequently N-acylated using chloro-ace-
tyl chloride to produce stage B, which was fur-
ther treated with potassium ethyl xanthogenate 
salts	to	produce	the	final	compound	xanthates.	
(83) Sayed et al.	reported	the	synthesis	of	differ-
ent 6-indolylpyridine-3-carbonitriles via a one-
pot multi-component strategy in the presence of 
a catalyst. The reaction involves 3-acetylindole, 
aldehydes, ethyl cyanoacetate, and ammonium 
acetate (Scheme 15). They show good anti-pro-
liferative	 properties	 of	 the	 synthesized	 com-
pound. (84)

Scheme 14. Synthesis of xanthates derivative.

Scheme 15. Synthesis of 3-acetylindole deriv-
ative.

 Liu et al. revealed the synthesis of two 
carbon-tethered compounds that are analogues 
to the pair of 1,3-oxathiole-indoles. The meth-
od involves a three-component domino [3+2] 
heterocyclization	procedure	with	indole,	carbon	
disulfide,	 and	 substituted	 a-bromo	 propiophe-
nones (Scheme 16). (85) According to Fatma et 
al., combining cyanoacetyl-indoles with an aryl-
aldehyde and urea in the presence of PEG-400 
(polyethylene glycol) and the catalytic amount 
of	thiazolium	anion	based	on	the	N-heterocyclic	
carbene (NHC) resulted in a diverse set of tetra-
hydropyrimidine analogues.(86)

 Viola et al. developed the new coumarin 
substituted indole derivatives by microwave irra-
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diating indole, salicylaldehyde, and malonates 
at room temperature in the presence of piper-
idine	 and	Scandium	 triflate	 (Scheme	 18).	 The	
main drawback of this reaction is that the com-
pounds show very low yields. (87)

Scheme 16. Synthesis of 1,3-oxathiole-indole 
derivative.

Scheme 17. Synthesis of tetrahydro pyrimidine 
based carbonitriles derivative.

Scheme 18. Synthesis of coumarin derivative.

 Wan et al. produced 3-substituted in-
dole compounds in good to exceptional yields 
using polyethylene glycol (PEG) as a support-
ing base, in a 3-component reaction involving 
aldehydes, indoles, as well as  malononitrile 
(Scheme 19). (88)

Scheme 19. Synthesis of analogue of 3-indole.

 For the synthesis of new mono- as well 
as the bis-hydrazineyl	thiazole	analogues,	Mah-
moodi et al. conducted a one-pot cyclo-conden-
sation	 using	 thiosemicarbazide	 and	 3-formyl	
indole with the addition of a promotor such as 
acetic acid (Scheme 20). In vitro anti-bacterial 
activity against Gram-positive & the Gram-neg-
ative pathogens was examined for the synthe-
sized	 derivatives.	 The	 thiozole	 analogue	 con-
taining methoxy as a donor agent demonstrated 
potent antimicrobial activity against gram-posi-
tive pathogens. (89-91)

Scheme	 20.	 Synthesis	 of	 hydrazineyl	 thiazole	
derivative.

 Slight aminoacylation of indoles was 
established by Alford et al. for the preparation 
of oxo-tryptamines using a multicomponent 
procedure	with	ynol	ethers	and	sulfonyl	azides.	
(Scheme 21). First, ynol ethers and sulfonyl 
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azides	were	used	to	make	derivatives	of	N-sul-
fonyltriazoles,	which	were	 then	 treated	with	 in-
doles. For the a-aminoacylation of enols, the 
amino ketone was converted to enol ethers. 
(92)  

Scheme 21. Synthesis of oxo-tryptamines.
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	 Gupta	 et	 al.	 synthesized	 the	 hydroxy	
pyrimidine compounds via one-pot synthesis of 
indole-3-aldehyde derivatives, ethyl cyanoace-
tate, and guanidine HCl. The reaction was test-
ed	under	 three	different	conditions:	microwave	
irradiation, grindstone technology, and boiling 
(Scheme 22). The antimicrobial activity of the 
items was tested against harmful microbes and 
found to be relatively mild. (93) 

Scheme 22. Synthesis of hydroxy pyrimidines 
compounds.

 According to Gali et al., a range of in-
dole	 integrated	 thiazolyl	 coumarins	have	been	
produced utilising a catalyst proportion of ace-
tic acid in a reaction that involves indole vari-
ants,	 thiosemi-carbazides,	 and	 derivatives	 of	
chromen-2-ones (Scheme 23). [94] For the syn-
thesis of analogues of 4H-pyran that have an in-
dole	scaffold,	Song et al. demonstrated the [3+3] 
cyclization	 of	 analogues	 of	 cyanoacetyl-based	
indoles with DMAD & isocyanides (Scheme 
24). (95) Chen and co-workers studied the ef-
fective preparation of substituted indole-pyran 
compounds using a one-pot mechanism of al-
dehydes, 3-cyanoacetyl indoles, and malononi-
trile with the addition of piperidine, which acts 
as a promotor. The reaction is carried out un-
der ultrasonic irradiation at room temperature 
(Scheme 25). Thiamine hydrochloride, which is 
vitamin B1 & CTAB were also used as promoters 
in this process, giving 92–94% products. (96)

Scheme	23.	Synthesis	of	thiazolyl	coumarins.

Scheme 24. Synthesis of 4-H-pyran derivative. 

Scheme 25. Synthesis of substituted in-
dole-pyran compounds.

Phase transfer catalyst mediated synthesis

A	different	type	of	catalyst	is	a	catalytic	reaction	
with phase-transfer catalytic conditions. Ionic 
reactants are regularly soluble in an aqueous 
solution but insoluble in an organic liquid in the 
absence of a phase-transfer catalyst (PTC). The 
accelerator acts as a solvent, dissolving the ions 
in the organic solvent. Hiromichi et al. discov-
ered	 fluorocyclization	 based	 indole	 analogues	
with the help of a dianionic phase-transfer cat-
alyst. In this process, the author produces pyr-
roloindoline compounds, which are highly enan-
tioselective under a modest synthesis method. 
(Scheme 26). (97) 

Scheme 26. Synthesis of pyrroloindoline deriv-
ative. 
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fluorine-containing	 [indole-3,2-oxirane]	 deriv-
atives by using phase transfer catalyst (PTC) 
acetyl-trimethyl ammonium bromide was re-
vealed by Dandia et al. The developed meth-
od was novel and eco-friendly for the manu-
facture	 of	 different	 indole-based	 heterocycles.	
The protocol involves aqueous ultrasonic irra-
diation for the epoxidation of indole-2-one an-
alogues,	which	produce	analogues	of	3-benzo-
yl-2(1H)-ones (Scheme 27). (98)

Scheme	 27.	 Synthesis	 of	 benzoyl-2(1H)-ones	
derivative.

Miscellaneous

 M. Kidwai et al. unfolds the formation 
of pyrano[2,3-d] pyrimidines as well as the pyr-
ido[2,3-d] pyrimidines by using magnetic parti-
cles (Fe3O4-NPs).  The processes were carried 
out in ethanol using a 3-component one-pot pro-
cess involving malononitrile, indole & barbituric 
acids as well as the 6-amino uracil analogues. 
(Scheme 28). (99) 

Scheme 28. Synthesis of pyrano[2,3-d] pyrimi-
dines & analogues of pyrido[2,3-d] pyrimidines.

 Baruah et al. described the formation of 
3-alkylated indole analogues (Scheme 29). In a 
convection-driven 3-component reaction of alkyl 
nitriles, indole-3-aldehydes, as well as barbituric 
acids using DPH (1,4-dihydropyridines) ana-
logues. (100)	Atul	et	al.	developed	imidazolium	
saccharinate via multicomponent reaction be-
tween indole, salicylaldehyde and cyclic active 
methylene derivatives using ionic liquids. The 
study revealed that decarboxylation enhanced 
the properties of indoles and dihydrocoumarin, 
which give coumarin-based analogues of indole 
(Scheme 30). (101)

Scheme 29. Synthesis of alkylated indole deriv-
ative.

Scheme	30.	Synthesis	of	 imidazolium	saccha-
rinate. 

	 Khalafi-Nezhad	et	al.	demonstrated	the	
utilisation of trimethylsilyl-chloride as a multipur-
pose catalyst for a one-pot, three-component 
reaction to produce analogues of xanthen-(9H)-
ones from the reaction of indole and analogues 
of di-carbonyls. (Scheme 31). (102) The author 
developed a novel diastereoselective domino 
cyclization	method	 using	 post-Ugi	 gold	 as	 the	
promotor	for	diastereoselective	domino	cycliza-
tion	to	synthesize	variously	substituted	spiroin-
dolines in Scheme 32. The Ugi reaction of 
propargylamine, acids, indole-3-aldehydes, or 
isocyanides yields a very high number of mol-
ecules that react with Au(PPh3)SbF6 in chloro-
form (CDCl3) to form spiro-indolines in moderate 
yields. (103,104)
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Scheme 31. Synthesis of xanthen-4-(9H)-ones 
derivative. 

Scheme 32. Synthesis of derivative of spiroin-
dolines.

 The newly	 synthesized	 indole	 deriva-
tive,	 1-(4-chlorobenzene)-5-hydroxy-2-meth-
yl-3-indoleacetic acid, was shown to have insu-
lin-sensitizing	and	glucose-lowering	properties.	
Scheme 33 represents the seven-step synthe-
sis	of	a	product	from	para-nitrophenol.	The	final	
compound revealed the strongest hypoglycemic 
activity of any indole-3-butyric acid derivative. 
However, because of the presence of a 2,3-dou-
ble	bond,	the	amide	bond	of	the	final	compound	
is	easily	hydrolyzed.	(105)	The	1,2,4-oxadiazole	
ring	 linked	 to	 the	 indole	 scaffold	 distinguishes	
phidianidines.	They	were	first	isolated	from	the	
aeolid opisthobranch mollusk Phidiana militar-
is in 2011, according to Gavagnin et al. (106). 
These indole compounds had strong cytotox-
icity as well as neuroprotective properties as 
typical secondary metabolites. Furthermore, the 
findings	indicated	that	they	were	both	T-cell	pro-
tein tyrosine phosphatase (TCPTP) and protein 
tyrosine phosphatase 1 B (PTP1B) inhibitors. 
Furthermore, structure-activity relationships 
(SAR) and molecular docking analyses of 40 
different	phidiandine	analogues	revealed	that	a	
1,2,4-oxadiazole	 ring	was	 required	 for	 PTP1B	
inhibitory activity. Scheme 34 (107) depicts the 
function-oriented synthesis of PTP1B inhibitory 
analogues.

Scheme 33. Synthesis of derivative of in-
dole-3-butyric acid.

Scheme 34. Synthesis of derivative of phidian-
idines.

 Since many years, researchers have 
been studying the synthesis of 9-(1H-indol-3-yl) 
xanthen-4-(9H)-ones derivatives (Scheme 35),  
it is a class of multifunctional heterocyclic chem-
icals with an indole ring, and their inhibitory ac-

tivity on a-glucosidase [108]. 

Scheme 35. Synthesis of 9-(1H-indol-3-yl) xan-
then-4-(9H)-ones derivatives

Conclusion

 In medicinal chemistry and drug devel-
opment, indole and its derivatives have prov-
en to be excellent target molecules. They can 
be found in a broad range of organic sources, 
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and novel indole derivatives are produced on a 
regular	basis.	Because	 these	scaffolds	bind	 to	
a broad range of proteins, their production rep-
resents a possible route to new lead molecules. 
The	pharmacological	actions	of	indole	scaffolds	
have been highlighted in this review. The re-
markable biological and physiological activity of 
such indoles makes them potential candidates 
for microbe-borne diseases and other health 
problems	like	Alzheimer’s	disease.	The	indole	is	
a very versatile nucleus in the pharmacological 
sector, as evidenced by the therapeutic poten-
tial of indole analogues. As a result, the infor-
mation is expected to aid in the development of 
novel compounds with improved bioactive com-
ponents, as well as novel synthetic methodolo-
gies.\

Fig 1 Structure of indole.

Fig 2. Active of carbon nitrogen in indole com-
pound.

Fig 3. The structure of indole alkaloids.

Fig 4. The structure of some pharmacological 
agents.
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Abstract

 Synthetic dyes are extensively used 
in various industries and are one of the major 
contaminants of industrial effluents. Dyes be-
ing xenobiotic, carcinogenic, and toxic there is 
need for their effective removal and detoxifica-
tion to conserve water resources. Tremendous 
research has been carried out to identify potent 
microorganisms that facilitate bioremediation of 
these harmful dyes. A static batch culture has 
proved white rot fungi Sclerotium.rolfsii as an ef-
ficient catalyst in bioremediation of textile dyes 
and to compare their efficiency in decolourisation 
of two different azo dyes. Studies revealed the 
organism employ different remedial approach to 
cationic dye (Malachite green) and anionic dyes 
(Rose Bengal).  Decolourisation of malachite 
green was a gradual with degradation and bio-
transformation to colourless, non-toxic by prod-
ucts while Decolourisation of rose Bengal was 
quick process of biosorption. S.rolfsii exhibited 
89% of decolourisation of malachite green dyes 
at higher concentration of 900mg/L while 96% 
for rose Bengal at 900mg/L. The mechanism of 
dye decolourisation was proposed using the UV 
Vis spectrophotometry, FTIR, XRD, HPLC and 
SEM. Microbial toxicity studies confirmed the 
dye metabolites of degraded malachite green 
was less toxic compared to original dye. Com-

prehensively studies illustrate the sustained 
application of S. rolfsii as model organism for 
bioremediation of complex industrial effluents 
due to its differential bio remedial approach can 
potentially decolourise or remove various dyes.

Keywords: Biodegradation, Bioadsorption, 
Sclerotium rolfsii, Malachite green, Rose Ben-
gal.

Introduction

 Dyes are extensively used in various 
sectors of industries like paper, printing, textile, 
pharmaceuticals, and food industries. The in-
dustrial effluents of these industries carry huge 
amounts of dyes and are mostly released into 
water bodies [27, 32]. Dyes present in water-
bodies affect aquatic plants and animals. They 
hinder in the penetration of sunlight thereby af-
fecting photosynthesis in plants. Ecosystems 
are interconnected and disturbance in aquatic 
ecosystem will affect overall integrity of bio-
sphere. Dyes being recalcitrant in nature they 
tent to persist in environment. They are carcino-
genic and teratogenic affecting human health. 
Across worldwide nearly 5-20% of dyes are re-
leased as part of industrial effluent to waterbod-
ies leading to environmental issues.

Discharges of these dyes alters the phys-
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io-chemical properties of water like pH, increas-
es BOD and COD [23]. They intensely colour 
the water and imparts unpleasant odour. Re-
moval of these dyes can be achieved by phys-
io-chemical method like flocculation, adsorp-
tion, ionisation, oxidation, irradiation etc. These 
methods have certain limitations like they are 
not effective, expensive, produces secondary 
sludge whose disposal is a problem and pro-
duces toxic by-products [1]. A variety of microor-
ganisms like bacteria, actinomycetes, fungi and 
yeast can be used in biodegradation and com-
plete mineralisation of dyes [29, 33]. Bioremedi-
ation have received wide acceptance by public 
mainly because this technique eliminates waste 
completely and permanently, cost effective, less 
impact on environment and can be coupled with 
physical and chemical methods [17, 28].

 White rot Fungi have proved to be most 
potent in bioremediation of dye compared to 
bacteria mainly due to its biomass and secre-
tion of ligninolytic enzymes such as laccase, 
manganese peroxidase, and lignin peroxidase 
[4, 17, 30]. These enzymes play a vital role in 
detoxification of dyes and bleaching of woods 
[16, 36]. White-rot fungi, belonging to the basid-
iomycetes, are the only organisms capable of 
mineralizing lignin efficiently and thus can en-
zymatically degrade dyes [14]. In recent years 
many researches are carried out to exploit the 
use of white rot fungi in degradation of com-
plex aromatic compounds. Rhizopus arrhizus, 
Rhizopus oryzae, Penicillium sp., Trichoderma 
harzianum and Haematonectria haematococca, 
which have been used to remove dyes [7, 22, 
35, 36].

 Biosorption is another alternative meth-
od of bioremediation of dyes where dyes can 
be effectively removed from aqueous medium. 
Biosorption is a physiochemical process which 
occurs on the surface of microbial cell wall. This 
process includes electrostatic interaction, ion 
exchange, complexation, chelation and micro-
precipitation [35]. The process is cheap, rapid 
and effective and microbial biomass obtained 
from industries like yeast slurry from brewing 

industry or agricultural waste like barley husk, 
wood chips, fruit peel can be used as absor-
bents [3, 5, 19, 18, 34, 35, 37].

 In recent years, there has been a grow-
ing interest in the field of screening of fungal 
strains that can produce these enzymes that 
can help in degradation of xenobiotics substanc-
es like textile dyes and petrochemicals [25]. S. 
rolfsii is a facultative parasite that survives in 
the soil primarily in the form of sclerotia, which 
are the source of inoculum and can remain vi-
able for several years together [6, 10, 13, 32]. 
Of the major extracellular enzymes produced by 
this pathogenic fungus, laccase and lignin per-
oxidase are known to have a functional role in 
degrading toxic xenobiotic substances. 

 Literature reviews reveals unexplored 
potential of Sclerotium rolfsii in removal of Mal-
achite green and Rose Bengal dyes. The objec-
tive of current research was to understand the 
differential mechanism employed by fungi to 
decolourize and detoxify the widely used textile 
dyes.

Materials and Methods

Source of culture and chemicals

 The fungal culture of Sclerotium rolfsii 
was obtained from Indian Institute of Horticul-
ture Research, Bangalore. The acquired fungal 
sample was subcultured on Potato Dextrose 
Agar (PDA) medium and incubated at 26°C for 
7~10 days till sclerotia were formed on myce-
lial mat, and served as the master culture. All 
chemicals like dyes and growth media compo-
nents were purchased from Sigma Aldrich and 
Himedia.

Dye decolourisation on solid media

 To screening the ability of fungi to de-
colourise different dyes was performed as per 
Park’s work with certain modifications [25]. Ex-
tensively grown mycelia of S. rolfsii were divid-
ed into 1 cm2 pieces along with sclerotia and 
were placed on PDA media with 100 mgL-1 con-
centration of selected dyes. Control and Test  
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Table 1: Dyes used in the studies

Names of 
Dyes

Structure λ max

Rose Bengal 
(Acid Red)

     595 nm

Malachite 
Green (Basic 
Green)

      680 nm

were maintained for each of the selected dyes. 
Control was not inoculated with fungi while the 
test media was inoculated. Both control and test 
plates were incubated at 26°C. This method 
was used to examine dye decolourization on 
agar media.

Dye decolourisation in liquid media

 Malachite Green (Basic Green 4) and 
Rose Bengal (Acid Red 94) of concentration 
ranging from 100-900 mgL-1 were prepared. 
Protocol for decolourisation in liquid media was 
analysed as per Lefebvre’s work. Control sam-
ples were not inoculated while test samples 
were inoculated [15]. Cultures were incubated 
at static conditions at 26˚C. Colour intensity of 
culture fl uids were determined using UV-Vis 
Spectroscopy at 620 nm for Malachite Green 
(MG) and 595 nm for Rose Bengal (RB) at regu-
lar interval from fourth day to sixteenth day. The 
percentage of dye decolourisation was estimat-
ed.

Extraction of dye metabolites for analysis

 Culture broth with malachite green af-
ter incubation period was subjected to solvent 
extraction using equal volume of ethyl acetate. 
Broth and ethyl acetate were mixed for 30 mins 
followed by the separation of organic layer 
which was subjected to rotatory evaporated to 
concentrate the dye intermediate metabolites. 
Which was used for HPLC analysis and toxicity 
studies.

Spectroscopic analysis of degradation and 
biosorption studies 

 The dye metabolites of malachite green 
after fungal Dye degradation were isolated for 
FTIR, HPLC analysis and for toxicity studies. To 
study the surface morphology, change on the 
fungal mycelium after adsorption of rose Bengal 
was subjected to XRD and SEM analysis

Results and Discussion

Dye decolourisation on solid media

 S. rolfsii was grown on Potato Dex-
trose Agar (PDA) with 100 mgL-1 of selected 
dyes, fungi grew as a smooth mycelial mat that 
spreads radially from its origin. It proceeded 
to grow on media in a radial manner up to the 
edge of the plate uniformly. Complete growth 
covering the media as uniform mycelial mat was 
observed on 5th day of inoculation. Test plate 
showed prominent dye decolourisation with 
Malachite Green and Rose Bengal on compari-
son with control. 

Dye degradation in liquid medium and eff ect 
of dye concentration 

 To understand the eff ect of dye concen-
tration on rate of decolourization Potato Dex-
trose Broth (PDB) medium with dye concentra-
tion ranging from 100-900 mgL-1 was incubated 
at 26°C for a period of 16 days in a static mode. 
On day 4 Mycelia growth reached maximum 
forming a uniform mat on surface of the medi-
um.  Absorbance was read at 680 nm for MG 
and 595 nm for RB at interval of 4 days for 16 
days. There was a progressive decolourization 
observed for MG, while abrupt fall and its per-
sistence during incubation was observed for RB 
(Fig.4). This clearly indicated the mechanism of 
decolourization adopted by S.rolfi i was for basic 
dye (MG) and acidic dye (RB) were diff erent. 

Studies of degradation of rose bengal

 In case of RB culture, the media had 
completely lost the colour and dye had adsorbed 
on mycelial mat. Absorbance studies of culture 
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media from day 4 to 16 showed negative values 
indicating complete absence of dye in medium. 
This explains that adsorption of dye is quick on 
mycelium and had removed the dye from cul-
ture media significantly on day 4 itself and thus 
absorbance readings value had dropped and 
persisted till end of incubation period as indicat-
ed in (fig.1). 

 Initially when S. rolfsii culture was set 
for decolourisation of RB the pH of the medium 
was maintained at 7 but as the fungal myceli-
um grew the pH of the medium dropped to 4.8 
and had become acidic. The change in pH of the 
medium is due to release of chemicals like oxal-
ic acid due to the metabolism of fungi [24]. This 
leads to protonation of the amino group on chitin 
cell wall of fungi [5]. Which led to enhanced bio-
sorption of anionic dye (RB) on the net positive-
ly charged mycelial mat. 

 The functional groups associated with 
fungal biomass also influence rate of dye ad-
sorption.                   After 5 days of inoculation 
mycelial mat grew to maximum in static liquid 
culture with RB concentration ranging from 100-
900 mgL-1. High biomass density and surface 
area increased the number of amino group 
availability for electrostatic attraction of anionic 
dye [2, 20, 34].

 Absorbance spectrum obtained for RB 
decolourization for 700 mgL-1 from day 5 to 16 
showed big drop in the color intensity (Fig.1) 
proving S.rofii as excellent organism for absorp-
tion of dye. Hence is promising microorganism 
for bioremediation of RB.

Studies of degradation of malachite green

 The rate of decolourization of MG was 
studied using UV-Vis Spectroscopy. A gradual 
decrease in the absorbance values over incu-
bation period for dye concentration ranging from 
100 mgL-1 to 900 mgL-1 was recorded from day 
5 to 16 days.

 As per the (fig.1) S. rolfii exhibited effi-
cient degradation of Malachite Green with initial 

concentration of 100 mgL-1 reduced to 11.12 
mgL-1. Similarly with the other concentrations: 
300 mgL-1 to 43.26 mgL-1, 500 mgL-1 to 74.4 
mgL-1 , 700 mgL-1 to 92.15 mgL-1  and 900 
mgL-1 to 121.68 mgL-1 on 16th day of inocula-
tion. Gradual decrease in concentration of dye 
with time proves the ability of fungi to metabo-
lise the dye at higher concentrations as well. 

Figure 1. Degradation of Malachite green and 
Rose Bengal by S. rolfsii

 Dye degradation ability of S. rolfsii is at-
tributed to lignolytic enzymes like laccase (lac) 
and Manganese Peroxidase (MnP) which are 
extracellular and catalyse dye degradation pro-
cess [17, 19]. Increase in biomass during the 
incubation period signifies increasing amounts 
of these extracellular enzymes production that 
facilitates effective dye degradation. S.rolfii pro-
duces acid stable extracellular laccase that ca-
talyses the degradation of dye at low pH. The 
presence of dyes also acts as inducer for en-
zyme produced that catalysis dye degradation 
or transformation of dye. Additionally, the Pro-
duction of MnP increased the dye degradation 
ability. S.rolfii exhibited tolerance and deco-
lourisation at higher concentration of dye. This 
study shows that as the fungi was exposed to 
increasing concentration of dye they get accli-
matized and degrade MG. The characteristic 
Absorbance spectrum of 700 mgL-1 obtained 
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during the incubation period exhibited direct 
correlation between growth, incubation time and 
decolorization.  As growth and incubation period 
increased the dye decolorization increased. The 
decrease in intensity of dye absorbance peak 
over time is attributed to enzymatic degradation 
of dye.

 Percentage of dye degradation with in-
creasing concentration of MG exhibited high po-
tential of fungi to degrade upto 86% of 300 mgL-
1, 700 mgL-1 and 900 mgL-1 respectively while 
100 mgL-1 was degraded upto 89% by end of 
the incubation period. This proves S.rolfsii as 
promising organism to degrade MG at higher 
concentration.

Fourier-transform infrared spectroscopy 
studies

 FTIR were used to confirm dye degra-
dation and presence of intermediate metabo-
lites. Parental dye malachite green and its dye 
metabolite extracted from media were subject-
ed to FTIR studies. 

  Interpretation of the FTIR spectrum of 
control indicated as Control in (Fig 2) for Mal-
achite Green dye, we observed sharp peak at 
1592 cm-1, corresponding to the C=N bond 
stretching. The sharp peak at 1509 cm-1 relates 
to C-C stretching in aromatic ring. The sharp 
peak at 1229 cm-1 agrees with the C-N aliphat-
ic stretching. Peak at 1190 cm-1 corresponds to 
C-N aromatic stretching. The sharp peak at 826 
cm-1 matches to C-H out of plane bending in ar-
omatic ring. The weak peaks at 3036 cm-1 and 
2883 cm-1 gives the C-H stretching in aromatic 
ring and alkanes respectively.

  The IR spectrum of the test or the dye 
metabolites of malachite green after degrada-
tion represented in (Fig.2) and comparing it with 
control there was much difference giving us the 
knowledge that Malachite Green dye has de-
graded. There are new peaks formed at 3300 
cm-1 corresponding to O-H stretching indicating 
the formation of alcohols or carboxylic acids 
during degradation. The sharp peak observed 

at 2921 cm-1 relates to the N-H stretching of 
aromatic amines and strong peak at 1714 cm-1 
corresponds to C=O functional group due to 
aromatic ketones or aldehydes formed in the 
course of degradation. Peaks at 1235 cm-1 cor-
responds to the C-N aromatic stretching and 
peak at 1097 cm-1 corresponds to C-O stretch-
ing of alcohols. Peak at 800 cm-1 gives informa-
tion about the disubstituted benzene ring deriv-
atives formed. This change in spectrum of test 
suggest dye degradation by S. rolfii.

Figure 2. FTIR spectrum of Malachite Green dye 
after degradation (Test), Parental Dye (control)

Figure 3. FTIR spectra of Sclerotium.rolfsii bio-
mass before (A) and after dye sorption (B) of 
Rose Bengal dye 

 The spectrum of the Sclerotium.rolf-
sii biomass with and without dye loading were 
compared. The study revealed slight shifting of 
peaks (3281.41, 1633.57, 1545.03, 1319.42 and 
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1032.40 cm-1) from their position with alteration 
in intensity and appearance of new peaks indi-
cating the involvement of some functional group 
of the fungi in the biosorption of Rose Bengal 
dye on the surface of the fungal biomass.

XRD analysis of fungal mycelia

 XRD pattern was analysed for Rose 
Bengal dye absorption on the mycelia of S.rolfii. 
Both adsorbed and un-adsorbed mycelia was 
subjected to XRD analysis. Significant vari-
ation in the pattern of peaks was observed. 
The un-adsorbed fungal mycelial XRD pattern 
showed hollow peak indicating the non-crystal-
line and amorphous nature of fungal mycelia. 
After the adsorption of the dye to the fungal bio-
mass showed few crystalline peaks at around 
25.9, 29.2, and 35.8o of 2 theta values indicat-
ing that there was transformation in the nature 
of the fungal biomass due to adsorption of Rose 
Bengal dye. This change in fungal mycelial mor-
phology from amorphous to crystalline structure 
confirms dye biosorption on mycelia.

Figure 4:  XRD pattern of S. rolfsii mycelium be-
fore and after adsorption of Rose Bengal

Scanning electron micrograph studies

 Surface morphology change on the fun-
gi after adsorption of rose Bengal was subjected 
to SEM analysis. Fungal mycelium acting as ad-
sorbent clearly showed a distinct change in its 
morphological change. Mycelium surface was 

uniform and smooth with deep pore and pockets 
as shown in (Figure 5A) before the adsorption 
of dye while after adsorption its surface is rough 
no pores and with fine particles on surface (Fig-
ure 5B). Similar results were reported when 
fungal biomass was used for the adsorption of 
Acid blue 161 [38] [39] [40]

Figure 5: Micrograph of scanning electron 
1000X (A- Fungal Biomass before dye adsorp-
tion, B- Fungal Biomass after dye adsorption)

HPLC analysis for malachite green degrada-
tion 

 The metabolites obtained before and 
after the malachite green dye degradation by S. 
rolfsii was concentrated and subjected to HPLC 
analysis at two different absorbance wave-
lengths of 680 nm and 280 nm. The absorption 
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spectra of the samples (control and test) are 
presented in (fig.6). The HPLC elution profile of 
the dye malachite green (Control) showed sin-
gle sharp peaks at 680nm with retention time 
(RT) of 4.5minutes (Figure 6B). The elution 
profile obtained for the fungal treated samples 
significantly differed from the control in terms of 
height of the peak obtained and retention time at 
680nm. The HPLC profile of sample treated with 
fungi S. rolfsii showed one peaks with retention 
time 4.3 with reduced height of peak and shift in 
retention time clearly indicating the degradation 
of dye (Fig. 6A). The UV absorption spectrum 
at 280 nm for dye metabolite obtained after 16 
days of incubation showed no peak at 680 nm 

Figure 6: HPLC chromatogram of Malachite 
green and dye metabolites at 680nm and 280nm 

 but with multiple peaks at 280nm as 
shown in (Figure 6C). From these observations’ 
microbial degradation and transformation of 
malachite green was confirmed. 

Microbial toxicity studies of malachite green 
and metabolic intermediates

 Toxicological effect of parental dye and 
their metabolites obtained after microbial deg-
radation was studied. Bacillus subtilis was incu-
bated with malachite green dye before and after 
dye degradation to ensure the degraded prod-
ucts are environmentally safe. A clear zone of 
inhibition was observed with parental Malachite 
Green indicating the toxic effect of azo dye while 
the dye metabolites showed no zone of inhibi-

tion. This proves the S. rolfsii had degraded the 
toxic dye to nontoxic metabolic intermediates. 
The products obtained after fungal dye degra-
dation did not show any growth inhibition.

Figure 7. Toxicity study of dye before (A) and 
after (B) MG degradation

Conclusion

 This study was done to explore the po-
tential of S. rolfii as promising microorganism for 
bioremediation of Malachite Green and Rose 
Bengal the most extensively used textile dyes 
which has not been studied. Static batch cul-
ture system with higher concentration of dyes 
ranging from 100-900 mgL-1 were established 
to test degradation ability of the organism. Fun-
gi exhibited excellent potential to degrade the 
dye at high concentration of 900 mgL-1 with 
89% of degradation. S. rolfsii follows two dif-
ferent mechanisms for removal of dye like bio-
adsorption for Rose Bengal (anionic dye) and 
biodegradation for Malachite Green (Cation-
ic dye). UV-Vis spectroscopy, XRD, FTIR and 
HPLC were the tools used to analyse the biore-
mediation of dyes. The degraded intermediate 
or transformed products were reported. Toxicity 
studies of degraded products exhibits no toxic 
effect on test microorganism. In this mycoreme-
diation fungi employs two main mechanism of 
like biodegradation and biosorption of dyes and 
hence identifying such microorganisms with dif-
ferential bioremediation approach will facilitate 
the dye decolourisation and detoxification of 
complex industrial effluents with various dyes. 
Fungi can be considered as best and reliable 
mediators of dye remediation. 
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Abstract 

 Gingivitis is a pathogenic disorder 
caused by the growth of bacterial flora inside the 
gum cavity, also known as the gingival cavity. 
The formation of hard plaque is initiated by the 
deposition of a biofilm of microbes on the sur-
face of teeth at the age of gums. These plaques, 
when developed, turn into tarter and are difficult 
to remove. These hard structures formed around 
the teeth caused severe damage to soft tissue 
and affected teeth, eventually causing perma-
nent tooth loss. Gingivitis in an advanced stage, 
called periodontitis, causes permanent dam-
age to the gum and teeth. Periodontal disease 
is caused by the bacteria Staphylococcus au-
reus, Porphyromonas gingivalis, Pseudomonas 
aeruginosa, and Streptococcus mutans. The 
aim of the investigation is to study how well chi-
tosan-based crosslinked hydrogels containing 
Chlorhexidine, Metronidazole, and Lignocaine 
hydrochloride inhibit the growth of selected bac-
teria isolated from oral microbial flora such as 
Staphylococcus aureus, Porphyromonas Gingi-
valis, Pseudomonas Aeruginosa, and Strepto-
coccus Mutans in-vitro. Chitosan-based cross-
linked hydrogel 2 % combined with all the active 
ingredients prepared and tested for antibacterial 
activity in SCAN-Laboratory Indrepuri, Bhopal. 

Bacterial samples were taken from freshly ex-
tracted teeth provided by District Hospital Raise 
in Madhya Pradesh, India, and then preserved 
in a saline solution. Isolate and culture each 
bacterium colony separately before perform-
ing an identification test for each of them. The 
hydrogel was then diluted at 25%, 50%, 75%, 
and 100% concentrations up to 10 power -9 to 
perform the antibacterial activity. All isolated 
bacteria colonies were separately cultured and 
introduced to a paper disc etched with antimi-
crobial gel. The media were then incubated in 
the incubator, and the (ZoI) Zone of inhibition 
was checked for the gel’s effectiveness. The 
mean diameter of the zone of inhibition against 
all isolated bacterial colonies was noticed to be 
in the 10-33 mm range, indicating the presence 
of strong anti-bacterial activity. A considerable 
qualitative difference (p = 0.000) was found be-
tween the inhibitory effects of each concentra-
tion of hydrogel on the bacteria Staphylococcus 
aureus, Porphyromonas gingivalis, Pseudomo-
nas aeruginosa, and Streptococcus mutans. 
Because of the largest diameter of the inhibition 
zone, the most effective antibacterial activity 
was found in 2% chitosan-based hydrogels.

Keywords: Gingivitis, Antimicrobial, Metronida-
zole, Crosslinked Hydrogel, Periodontitis.

Staphylococcus aureus, 
Porphyromonas gingivalis, Pseudomonas aeruginosa,
and Streptococcus mutans



Current Trends in Biotechnology and Pharmacy
Vol. 17(Supplementary issue - 3A) 1170 - 1183, August 2023, ISSN 0973-8916 (Print), 2230-7303 (Online)
10.5530/ctbp.2023.3s.54

Antimicrobial study of chitosan-based crosslinked hydrogel

1171

Antimicrobial Study of Chitosan-Based Crosslinked  Hydrogel Against Staphylococcus Au-
reus, Porphyromonas Gingivalis, Pseudomonas Aeruginosa, and Streptococcus Mutans
Arvind. S. Parmar,Aakash. S. Panwar,

1199-1212

Introduction 

 According to a World Health Organiza-
tion survey, nearly 10-15% of the global popu-
lation suffers from dental problems, specifically 
periodontitis. Periodontitis is a pathogenic infec-
tion that damages the teeth’s supporting tissues 
and thus can lead to permanent tooth loss. (1). 
The cause of periodontal disease is an increase 
in the population of pathogenic disease-caus-
ing agents in the oral cavity debris of microor-
ganisms deposit over the surface of teeth and 
form a thick layer known as excessive biofilm 
deposition will indeed be plaque (2). The for-
mation of biofilm, which can be exacerbated by 
poor dental hygiene and leads to plaque forma-
tion, is one of the major causes of the disease. 
Plaque buildup around teeth irritates surround-
ing tissues and, if left untreated, destroys tooth 
attachments (3). The general host response 
influenced by subgingival bacterial growth and 
the severity of infection left unnoticed exacer-
bates the symptoms of infection. Furthermore, 
if the pathogen grows rapidly, the host will si-
multaneously increase the pathogenic response 
and destroy the periodontium. (4). The disease 
is more severe and degenerative, affecting soft 
tissue around the teeth such as gingiva, liga-
ments, cementum, and supporting bones; in 
advanced stages, it may cause permanent loss. 
Pathogenic colonies proliferate quickly and 
deposit their dead remains on the upper sur-
face of teeth, forming a permanent layer called 
biofilm and many additional layers collective-
ly known as calculus. The disease concept is 
based on some considerations that may cause 
the disease to persist and proliferate, such as a 
susceptible host, an excess of pathogenic mi-
crobes due to poor hygiene, and the absence 
of beneficial bacteria. The elaborated growth of 
Gram-negative and mobile bacteria increases 
the prognosis. [5,6] Pathogens of various types 
are associated with the disease and are the 
main factor in its pathogenesis. Porphyromonas 
Gingivalis, Bacteroides forsythias, Treponema 
denticola, Prevotella intermedia, Fusobacterium 
nucleatum, and Eubacterium sp. are among the 

bacteria responsible for chronic periodontitis. 
However, microaerophile bacteria such as Ac-
tinomyces mycomitans, Campylobacter rectus, 
and Eikenella corrodens cause chronic peri-
odontitis (7 8). Functional groups on Chitosan 
tend to bind negatively charged groups on the 
cell wall of bacteria, affecting the physiology 
and permeability of the cell wall. They also inter-
act with DNA, limiting replication and resulting 
in cell death (9). Metronidazole has broad an-
timicrobial activity against protozoan infections 
as well as anaerobic bacteria. Metronidazole 
was first used to treat trichomoniasis before 
its broad antimicrobial activity was discovered 
in 1950. Metronidazole is now a widely used 
periodontal disease treatment (10). Metronida-
zole is a highly effective drug for reducing the 
deposition of dead cells in periodontal pockets, 
removing calculus, and scaling. It can effectively 
limit anaerobic bacteria growth (11) Because of 
a three-dimensional network of polymer chains 
formed by physical or chemical interaction be-
tween functional groups, the hydrogel of the 
crosslinked polymer has a tendency to adsorb 
and hold a large amount of water more than nat-
ural polymer. Hydrogel has numerous benefits 
and improved properties. Tissue engineering, 
biosensors, regenerative agents, and improving 
adhesion properties are just a few of the appli-
cations. Chlorhexidine is antiseptic and disin-
fectant in nature and is also used as a cleaning 
agent for the oral cavity in low concentrations. 
Chlorhexidine destroys bacteria’s cell walls by 
binding negatively charged phosphate groups, 
disrupts cellular integrity, and interacts with cy-
toplasm, resulting in cell death. Because biofilm 
reforms on a regular basis, surgical methods for 
removing calculus are less effective; however, 
nonsurgical methods such as antimicrobial ther-
apy are quite effective because it provides ac-
tive ingredients at the site and effectively inhibit 
microbe growth. Local drug delivery is advan-
tageous because it delivers to the infected site, 
but it is also gaining popularity because it avoids 
many of the drawbacks of systemic applications 
(12,13) It has the possibility of causing hyper-
sensitivity reactions, gastrointestinal intoler-
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ance, and bacterial resistance. The goal of the 
research is to establish a more precise delivery 
system for delivering drugs to local tissues and 
maintaining their concentration in order to pro-
vide more effective results while overcoming 
the limitations of existing systemic approaches 
(14). To accomplish this, a crosslinked hydrogel 
containing a drug combination was created. The 
polymeric base was chosen to extend the time 
spent in the oral cavity. Oral cavity has many 
limitations due to the high flow of saliva. The 
approach is to develop a gel with natural poly-
mer crosslinking to overcome the limitation. To 
some extent, hydrogel protects against factors 
such as pH and Enzyme and prevents drug ex-
posure with biological content. By releasing the 
drug at a predetermined rate, you can extend 
the drug’s residence time at the site of applica-
tion and allow it to absorb for a longer period of 
time (15). The goal of this research is to create 
a more precise delivery system for controlled re-
lease to local tissues while maintaining concen-
tration, resulting in more effective results while 
overcoming the limitations of current systemic 
approaches. A crosslinked hydrogel containing 
a drug combination was created to accomplish 
this. The polymeric base was selected to in-
crease the amount of time spent in the oral cav-
ity. Because of the high flow of saliva, the oral 
cavity has many limitations. To overcome the 
limitation, the approach is to create a gel with 
natural polymer cross-linking. Chitosan is a nat-
ural mucoadhesive polysaccharide derived from 
various sources. Chitosan is a natural muco-
adhesive polysaccharide derived from various 
sources. Chitosan, Polyacrylamide, Polyvinyl 
alcohol, Polyethylene glycol, and Alginate are 
some examples of natural and synthetic poly-
mers used to make hydrogel (16). Hydrogels 
are insoluble in water and have a high affinity 
to absorb water within the matrix (17). Polymer 
macromolecules interact and form a crosslink-
ing network between polymeric chains. The re-
action between polymeric chains is initiated by 
crosslinking agents, forming a network of wa-
ter-repelling molecules. A chemical reaction in 
which natural or synthetic polymeric monomers 

react to form copolymers or homopolymers 
(18). As a result, the complex structure retains 
a significant amount of water or biological fluid; 
high water content sustainably increases bioad-
hesive by increasing the contact angle between 
the mucus layer and molecules. It improves hy-
drogels’ similarity to soft tissue and makes them 
more biocompatible, bioadhesive, and nonirri-
tant, allowing its diverse applications to deliver 
drugs more precisely at the site of application 
(19). 

Materials and Methods

Isolation and identification of organisms 
from extracted human tooth

Collection of Sample 

 A fresh tooth sample was donated by 
District Hospital Raise in Madhya Pradesh, In-
dia, and stored in saline solution. The sample 
was then immersed in sterile saline and allowed 
to incubate for 24 hours.

Preparation of serial dilutions

 1 ml of the gel was diluted in 9 ml of 
nutrient broth to make a standard sample. Sub-
sequently, serial dilutions were done to create 
crosslinked hydrogel at concentrations of 25%, 
50%, 75%, and 100% up to 10 power 9 to per-
form the antibacterial activity.

Spread Plate technique

 With a sterile pipet or metallic loop, bac-
teria suspended in a solution are poured over 
prepared media. A sufficient number of bacteria 
spread across the surface of the culture media 
allows them to grow (20). The technique is sta-
ble and reliable, and it is aligned with the SOP 
to avoid contamination.

1. Preparation of samples to achieve a suitable 
concentration of the bacterial solution; the 
sample was serially diluted.

2. Agar plates are prepared by pouring sterile 
agar solution into Petri - dishes and continu-
ing to allow it to solidify.
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3. By pipetting out 0.1 ml diluted solution from 
a series of dilutions, a sterile glass spreader 
or pipet is used to spread the sample on the 
surface of prepared agar plates.

4. Incubate prepared plates by placing the Petri 
dish in a moderate-temperature incubator for 
a duration that allows the bacterial colony to 
grow.

5. Incubate the plate at 37 °C for 24 hours.

6. Count the bacterial colonies that have grown 
on the surface of the agar plates after the 
incubation period.

7. The CFU value of the sample will be given 
in CFU/ml of the prepared sample if the CFU 
value is calculated using the Dilution factor 
and the colony count.

Streak Plate technique

 It is a technique for separating and pu-
rifying bacterial colonies from a mixed culture. 
Select the separate wells in an agar plate, then 
collect the sample after successive dilutions of 
a mixture of bacterial colonies. The inoculum di-
lutes in successive sections of a plate until only 
one bacterial cell remains, with no other cells 
in the few MM area surrounding the cell. It en-
ables each cell to culture independently, and the 
pure colony can grow in a specific area. Pure 
colonies can now be isolated by selecting isolat-
ed colony walls and re-striking them in different 
culture media to select individual colonies for 
further examination.

 The method is based on the idea that a 
single bacteria can multiply multiple times and 
form a colony of uniform cells. The precise tech-
nique for obtaining pure bacteria culture has 
a wide range of applications in fields such as 
diagnosis, identification, characterization, and 
genetics.

1. Sterilize the inoculation loop with a spirit lamp 
or Bunsen burner and allow it to cool.

2. Divide the agar media on a plate into four 
equal sections and streak a single colony in 
each.

3. Strew the inoculating loop across a quarter of 
the plate quickly, softly, and back and forth.

4. Spread it in a pentagon shape on the oppo-
site side of the agar plate quadrant.

Identification of microorganisms

Gram staining

 Microbiologists use this tool to identify 
and classify bacterial species. It is widely used 
in medical microbiology to diagnose bacteri-
al infections and determine the best antibiotic 
treatment. It is the first test commonly used to 
diagnose any bacteria using methylene blue or 
crystal violet as a primary stain, followed by sa-
franin. (21). Gram-positive bacteria retain crys-
tal violet and appear purple after decolorization. 
In contrast, Gram-negative bacteria retain safr-
anin instead of crystal violate due to a thick cell 
wall and appear pink under a microscope.

Preparation of a slide smear

• Apply a drop of culture suspension to the 
glass slide using the inoculation loop. 

• Examine the slide under a microscope. If 
a bacterial colony appears, move a small 
amount of the suspension to the next slide 
for further examination.

• If culture is visible on the loop, it indicates 
that a large amount of culture was taken; it 
will disappear over 15mm diameter; if more 
than one culture is taken for the examina-
tion, a thin coating using the loop must be 
crate; some slides can have up to four tiny 
stains.

• Keep the slide over a spirit lamp or in the 
oven to dry quickly and form a smear. Keep 
the slide moving to avoid overheating. Heat-
ing will bind the cells to the slide and pre-
vent them from draining while washing. 

• For staining, crystal violate stain is applied 
over a fixed smear of a culture. After a while, 
pour water over the slide and gently wash it 
to remove any extra stain. This will remove 
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any traces of stains and bacteria that may 
have remained on the slide.

• To fix the color, an iodine solution is applied 
over the smear. After that, the slide is rinsed 
under running water to remove the iodine 
solution. To absorb excess water from a 
slide, tissue paper is used. 

• Solvent treatment is the process of remov-
ing the color from a smear by using etha-
nol and acetone solution as a decolorizing 
agent. After some time, the slide is rinsed 
again with distilled water. To avoid over-de-
colorizing, we must stop adding decolor-
izing agents once the smear has stopped 
changing color. After soaking in water, the 
smear is treated with a fuchsine solution for 
50-60 seconds before being washed with 
clean water, excess water removed with a 
tissue paper slide, and air dried.

Characteristic Identification 

 S. Aureas can be identified and iso-
lated using the MSA (Mannitol Salt Agar) test. 
MSA contains a high concentration of sodium 
chloride (7.5% NaCl), which inhibits bacterial 
growth. Only Halophile bacteria can withstand 
such high salinity levels. Mannitol and sugar 
alcohol are both added to culture media as in-
gredients. Bacteria ferment mannitol to produce 
acid, lowering the pH and turning phenol red. 
The color change from red to yellow indicates 
the presence of bacteria. In a high salt medi-
um, other halophile bacteria may also survive to 
distinguish S aureus from them. Mannitol was 
added to the culture because staphylococcus 
and other halophile bacteria are incapable of 
fermenting it, resulting in a pH drop. Character-
istic Yellow The color of the medium indicates 
the presence of S. aureus. Another method for 
confirming the presence of S. Aureas is the Co-
agulase test, in which bacteria produce the en-
zyme coagulase, which causes blood collected 
from humans to clot quickly. If S. Aureas is pres-
ent in the sample, it will coagulate the blood; 
otherwise, it will remain liquified. Snyder test 
for S. Mutans The microbes collected from the 

teeth’s surface are transferred to a special agar 
medium called Snyder agar media. The medium 
contains a high concentration of glucose and 
is acidic in pH. S. Mutans, unlike other bacte-
ria, can grow in acidic environments, which is 
why they are referred to as acidophilus. If bac-
teria are present in a sample, they will multiply 
and form successive colonies, which may be 
translucent or slightly yellow in color. P. Aeru-
ginous Pyocyanin production test: bacteria are 
known to produce blue-green pigment, which is 
thought to be a characteristic feature. A variety 
of factors influence bacterial pyocyanin produc-
tion, including environmental and oxygen avail-
ability in addition to other nutrients. Pigments 
act as electron donors in the absence of oxy-
gen, allowing bacteria to use oxygen more ef-
ficiently. Pigment also plays a role in virulence 
damage tissue and inflammation during biofilm 
formation. Blood microbe culture Pigments are 
commonly seen on agar plates as small, black, 
dark brown spots that resemble fried eggs. This 
is because of pyocyanin. Under a microscope, 
it appears to be a comma-shaped rod. Because 
the bacteria are immobile, nonfunctional flagella 
tufts appear. Under a microscope, P. Gingivalis 
appears as a curved or comma-shaped rod with 
a polar tuft of flagella. However, the bacterium 
is not motile in its natural environment, and the 
flagella are not functional.

Biochemical test 

IMVIC Test 

 The IMViC test is a series of four bio-
chemical tests used to differentiate between 
different groups of bacteria, specifically Entero-
bacteriaceae. A series of four tests, each with 
its own characteristics used to identify different 
types of bacteria based on their metabolic char-
acteristics. Different Enterobacteriaceae fami-
ly species have different metabolic properties; 
they can identify easily on the basis of these 
tests. The test is named after the first letters 
of each of the four tests, which are the Indole 
test, Methyl Red test, Voges Proskauer test, 
and Citrate Utilization Test. The test is used to 
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distinguish between bacterial colonies that are 
closely related and may have similar metabol-
ic properties. The Indole test is positive if bac-
teria break down the amino acid tryptophan to 
produce indole, the Methyl red test is positive if 
bacteria ferment glucose to produce acidic by-
products, the Voges-Proskauer test is positive if 
cells can produce acetone during glucose fer-
mentation, and the citrate test is positive if cells 
use citrate as a carbon source (22-23).

Indole test 

 Principle: Some bacteria have the abil-
ity to convert the amino acid tryptophane to 
indole due to the presence of an enzyme; the 
presence of indole can be confirmed using Eh-
rlich’s or Kovac’s reagents. It will generate a red 
precipitate, which will appear as a ring in the al-
coholic layer. 

 Steps: Transfer the bacteria suspen-
sion to a water and peptone solution contain-
ing the amino acid tryptophan and culture the 
mixture overnight in an incubation chamber at 
37 degrees Celsius. Add a few drops of Kavac’s 
reagent to the mixture the next day. After being 
inoculated in peptone water, which contains the 
amino acid tryptophan, the bacteria are cultured 
overnight at 37°C. After incubation, Kovac’s re-
agent is added. Kovac’s reagent is composed 
of para-dimethyl amino benzaldehyde, isoamyl 
alcohol, and concentrated hydrochloric acid. 
The reagent detects the presence of indole in 
anaerobic conditions by forming a red or pink 
ring at the surface.

Methyl red (MR) test

 Principle: The methyl red test assesses 
an organism’s ability to metabolize glucose into 
an acidic byproduct. Because some bacteria 
have a high capacity for producing acid byprod-
ucts, the pH of the system may be affected, re-
ducing the system’s ability to maintain a buffer. 
Methyl red is a pH indicator that turns red when 
a strong acid is present in a system. 

Procedure: The test must be carried out on a 
bacterial culture that has been grown for 48 
hours at 37 degrees Celsius in a culture con-
taining glucose. Following the completion of the 
incubation period, some media is transferred to 
a separate tube containing methyl red indicator. 
If the bacteria produce enough acidic byprod-
uct, the mixture will immediately turn red. The 
positive test result aids in the differentiation of 
the bacterial colonies in the sample. When a 
few drops of Methyl red indicator are added, 
the red color indicates the presence of bacteria, 
while the yellow color indicates the absence of 
bacteria.

Voges proskauer (VP) test 

 Principle: The Voges-Proskauer (VP) 
test relies on bacteria’s ability to convert glu-
cose into (butylene glycol) acetoin for identifi-
cation. Some Enterobacteriaceae members, 
such as E. coli and Salmonella, are pathogenic 
to humans. The test employs two indicators. Al-
pha-naphthol and Potassium Hydroxide (KOH) 
When added to the culture in the presence of 
excess air, both reagents will react with the ace-
toin (Butylene Glycol), and the diacetyl will react 
with the guanidine components of peptone due 
to the presence of naphthol. Alpha-naphthol is 
a catalyst and color intensifier that produces a 
red color. The presence of color indicates that 
the cell is producing acetoin. The yellow color 
indicates the absence of bacteria.

 Procedure: The colony of unknown bac-
teria transferred to the culture media after 48 
hours of incubation in culture media containing 
glucose phosphate broth at 370C, 0.6 ccs of Al-
pha naphthol added to the diluted sample taken 
from the plate, and gently shake the test tube, 
then transfer 0.2 ml of 40% KOH solution drop 
by drop while continuous stirring. Keep the test 
tube aside for about 15 minutes. The appear-
ance of red color will confirm the presence of 
bacteria in the negative tube. Negative results 
are indicated by no or slightly low color.
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Citrate utilization test 

 Principle: Citrate utilization testing iden-
tifies microorganisms based on their proclivity to 
consume citrate as a carbon source and produce 
energy. Some Enterobacteriaceae pathogens 
are commonly harmful to humans. The experi-
ment continues by inoculating microorganisms 
on summon citrate agar. Other nutrients and 
indicators are also introduced into the culture. 
In an acidic medium, indicators such as bromo-
thymol blue change color from green to blue. If 
a cell consumes citrate, it will produce a large 
amount of citrate lyase, which breaks citrate 
down into pyruvate and other alkaline products, 
causing the ph to rise and the indicator to turn 
blue from green. If it does not turn blue, it means 
that the microorganism is not present. Microbes 
that can use the citrate Klebsiella Pneumonia 
and Enterobacterium Aerogenes include Esch-
erichia Coli and Salmonella Typhi. 

Antimicrobial activity of a prepared hydrogel 
on isolated microorganisms

 The ability of a substance to kill patho-
genic bacteria is referred to as antimicrobial 
activity. Microbe-killing agents can be synthetic 
or natural, disrupting the cell wall or interfering 
with the metabolic pathway. The nature of the 
microbe or the agent used heavily influences 
the effectiveness of an antimicrobial agent. Dif-
ferent concentrations of 25 mg/ml, 50 mg/ml, 75 
mg/ml, and 100 mg/ml were used to test the an-
timicrobial effect of the prepared hydrogel agar 
well method.

Preparation of media 

 The gel’s antimicrobial activity was 
tested using agar well diffusion at three differ-
ent concentrations 25 mg/ml, 50 mg/ml, 75 mg/
ml, and 100 mg/ml. The culture of bacteria and 
fungus requires the use of specific growth me-
dia formulations for cloning, plasmid DNA syn-
thesis, and protein production. A Nutrient agar 
medium was made by combining nutrient broth, 
agar, and distilled water, and it was used to cul-
tivate the bacterial culture. Nutrient broth con-

tains peptone, sodium chloride, yeast extract, 
vitamins, and carbohydrates, all of which are 
required for bacterial growth. Agar is used as a 
solidifying agent (24). 

Sterilization  

 The killing of harmful microorganisms 
from the surface of any object is referred to as 
sterilization. It plays an important role in pre-
venting the growth of microorganisms that we 
do not want. There are several methods for kill-
ing microbes, including physical methods such 
as heat, filtration, and radiation. Another method 
is chemical, which employs disinfectant chemi-
cals. Some common examples include alcohol, 
bleach, ethylene oxide, hydrogen peroxide, 
glutaraldehyde, and formaldehyde solutions. 
Following that, the prepared media undergoes 
sterilization. The media were autoclaved for 15-
20 minutes at 121°C. (25)

Inoculation of microbial culture

 Aseptically placed media in a Petri dish 
up to 90mm high. Allow the media to settle for 
a while. The media was then spread evenly in 
clean cotton plates before being placed in the 
incubation chamber.

Sample preparation 

 In a test tube, a measured amount of 
prepared hydrogel was placed, followed by the 
preparation of a standard sample and dilution 
up to a certain level. The standard sample was 
used to make samples with concentrations of 
25, 50, 75, and 100 mg/ml. Fill each well half-
way with the diluted sample.

In-Vitro antimicrobial activity 

 Chitosan was used as the base for the 
cross-linked hydrogel, which was then tested for 
antimicrobial properties. Four different strains of 
bacteria were used to test the hydrogel’s activ-
ity S. Aureus, P. Gingivalis, P. Aeruginosa, and 
S. Mutans were among them. At Raisen District 
Hospital, all microorganisms were collected 
from the patient’s freshly extracted tooth, and 
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isolation and antimicrobial studies were per-
formed (5) at the SCAN laboratory in Indrapuri, 
Bhopal, Madhya Pradesh, India. The agar well 
diffusion method is commonly used to investi-
gate the antimicrobial properties of gels. Wells 
were prepared on agar media plates and filled 
with a suitable amount of diluted gel solution. 
Each bacterial strain was placed on a separate 
agar plate. Following that, the antimicrobial gel 
was applied to the cultured colonies to see if it 
could inhibit the growth of bacteria. Following 
that, the zone of inhibition was measured in mil-
limeters (26).

Incubation 

 After the plate has been colonized with 
bacterial colonies, a gel of varying concentra-
tions is applied, and the plate is kept in an in-
cubation chamber at 37oC under aerobic con-
ditions for about 24 hours. After incubation, the 
plates were examined for the zone of inhibition. 
When bacterial colonies come into contact with 
an antimicrobial substance that kills microbes, 
the inhibition zone forms, and it grows with in-
creasing concentration which is expressed in 
millimeters (27). 

Results and Discussion

Figure 1: Tooth sample for isolation of bacteria

Figure 2: Serial Dilutions of the Tooth Sample

Table 1. Determination of Colony Count

Figure 3: Image of Spread Plate Technique

Sr. 
No.

Dilutions Colony 
Count

Dilution 
Factor

Average

1. 10-5 233 105
3.841X 10-8 
Cfu/ml2. 10-6 189 106

3. 10-7 94 107

P. Aeruginosa 

P. gingivalis  

S. mutans

S. aureus
Figure 4: Image of Pentagonal Streaking
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P. Aeruginosa 
P. gingivalis
 

S. Mutans  

S. aureus
   

    P. aeruginosa             P. gingivalis             S. aureus                S. mutans

A     B         C            D

Fig. 5 Image of Gram Staining 100x
Sample   Indole  MR           VP     Citrate

Fig. 6 Results of IMViC Tests for all the Isolated Colonies
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Graph 1. Microorganism Identification Test

Table 2: Results of Identification Tests of P. Aeruginosa and P. Gingivalis Organism

Table 3: Results of Identification Tests of S. Mutans, S. Aureus Organism

 Several laboratory methods such as the 
Spread plate Technique, Streak Plate Technique, 
Gram Staining, Characteristic Identification, and 
IMVIC Test were used during the study to isolate 
and identify the presence of S. Aureus, P. Gingi-
valis, P. Aeruginosa, and S. Mutans in a sample 
(Indole test, Methyl Red test, Voges Proskauer 
test, and Citrate Utilization Test). One common 
method for identifying Staphylococcus aureus, 
for example, is to perform a gram staining and 
then culture the bacteria on a selective media, 
such as Mannitol Salt Agar (MSA). Staphylo-
coccus Aureus colonies will appear as yellow 
colonies on MSA due to their ability to ferment 
mannitol. Further tests, such as the coagulase 
test, can be used to confirm the identity of S. 
Aureus.  P. Gingivalis is distinguished by its dis-

Sample Indole MR VP Citrate Gram Staining Characteristic Identification

P. Aeruginosa -ve -ve -
ve

+ve  -ve +ve

P. Gingivalis -ve -ve -
ve

+ve  -ve +ve

Sample Indole MR VP Citrate Gram staining Characteristic Identification

S. Mutans -ve -ve +ve -ve +ve +ve
S. Aureus -ve -ve +ve -ve +ve +ve

tinct colony morphology, which consists of black 
or brown pigmentation on blood agar. P. Aerugi-
nosa is distinguished by its blue-green color on 
agar plates and fruity odor. P. Gingivalis looks 
like a curved or comma-shaped rod with a polar 
flagella tuft. However, in its natural environment, 
the bacterium is not motile, and the flagella are 
not functional. Snyder agar media is a Strepto-
coccuS mutans-specific agar medium. The me-
dium has a high concentration of glucose and 
a low pH. S. Mutans, unlike other bacteria, can 
grow in acidic environments, hence the name 
acidophilus. If bacteria are present in a sample, 
they will multiply and form successive colonies 
on blood agar, which may be translucent or 
slightly yellow in color (28).
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 Microbe culture in blood Pigments 
appears on agar plates as small, black, dark 
brown spots that resemble fried eggs. This is 
due to pyocyanin. Microbe culture in blood pig-
ments appears on agar plates as small, black, 
dark brown spots that resemble fried eggs. This 
is due to pyocyanin. Once the colonies have 
been identified, an antimicrobial study can be 
performed to test the bacteria’s susceptibility to 
various antimicrobial agents. This can be ac-
complished through a variety of methods such 
as disc diffusion, broth dilution, or agar dilution.

 The MIC (Minimum Inhibitory Concen-

tration) value recorded is the lowest concentra-
tion of the assayed antimicrobial agent that pre-
vents observable growth of the microorganism 
tested, and it is often given in g/mL or mg/L. The 
gel produces positive results and successfully 
inhibits microbe growth. The zone of inhibition is 
measured using a ruler, calipers, or a template. 
Its dimensions are given in millimeters and are 
frequently rounded to the nearest millimeter. 
The diameter of the disc is also mentioned. 
These measurements are made with the naked 
eye without using any tools. The prepared gel 
was applied to each microorganism colony indi-
vidually (29, 30). 

Table 4:  Zone of Inhibition Through Gel 
Sr. No. Isolated Organism Zone of Inhibition

25 mg/ml (mm) 50mg/ml (mm) 100mg/ml (mm)
1. P. Aeruginosa 14±0.47 21±0.5 25±0.47
2. S. Mutans 10±0.94 12±0.47 17±0.47
3. P. Gingivalis 11±0.94 19±0.5 29±0.47
4. S. Aureas 13±0.94 24±0.5 33±0.47

Figure 7: Antimicrobial Activity of 2% hydrogel

Figure 8: Zone of inhibition

Discussion

 Based on their metabolic characteris-
tics, the IMViC test may be used to distinguish 
between several types of bacteria belonging to 
the Enterobacteriaceae family. In order to distin-
guish between bacterial colonies that are close-
ly related, each test offers a special property. To 
offer a more complete identification of the bacte-
ria under examination, the findings of each test 
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might be merged. If bacteria can convert trypto-
phan to indole, the Indole test is positive. A crim-
son or pink ring will appear on the surface when 
indole is present. Suppose the bacteria create 
acidic byproducts from the fermentation of glu-
cose, causing a drop in pH and the appearance 
of a red color when methyl red indicator is add-
ed. In that case, the methyl red test is positive. If 
the fermentation of glucose by the bacteria pro-
duces acetoin, which reacts with alpha-naphthol 
and potassium hydroxide to give a red color, the 
Voges-Proskauer test is positive. If the bacteria 
can use citrate as a carbon source, raising the 
pH and changing the color of the sample from 
green to blue, therefore the Citrate Utilization 
Test is positive.

 The results of the study indicated that the 
prepared hydrogel had significant antimicrobial 
activity against all four tested microorganisms. 
The zone of inhibition increased with increasing 
concentration of the hydrogel. The highest zone 
of inhibition was observed at a concentration of 
100 mg/ml, indicating that higher concentrations 
of the hydrogel were more effective in inhibit-
ing bacterial growth. The study also revealed 
that the hydrogel was more effective against 
gram-positive bacteria (S. aureus and S. mu-
tans) than gram-negative bacteria (P. gingivalis 
and P. aeruginosa). This is likely due to differ-
ences in the cell wall structure of gram-negative 
and gram-positive bacteria, making it easier for 
the hydrogel to penetrate and disrupt the cell 
wall of gram-positive bacteria. Overall, the study 
suggests that the prepared hydrogel has poten-
tial as an effective antimicrobial agent against 
pathogenic microorganisms. Further studies 
are needed to evaluate the safety and efficacy 
of the hydrogel in clinical settings.

Conclusion

 Gram staining revealed Gram-negative 
P. Aeruginosa and P. Gingivalis in the first and 
second isolates, and Gram-positive S. Mutans 
and S. Aureus cocci in the third and fourth iso-
lates. Since the IMVIC test confirms the ab-
sence of the Enterobacteriaceae family, which 

is not found in the oral cavity but is found in the 
GI tract, all tests are negative. Finally, a charac-
teristic identification test was performed to iso-
late and confirm the presence of all four strands 
for further investigation. The results of the tests 
show that P. aeruginosa, S. mutans, and S. au-
reus were obtained and isolated from the tooth 
sample. S. aureus was cultured in MSA (Manni-
tol salt agar) media, and the bacteria’s presence 
was confirmed by a change in the color of the 
media from red to yellow due to the bacteria’s 
ability to reduce acidity through metabolism. 
When S. mutans is cultured in Snyder agar me-
dia with a high concentration of glucose, its ten-
dency to metabolize the glucose raises the pH 
and decreases acidity, turning the medium yel-
low. P. aeruginosa culture in agar media, where 
its ability to produce pyocyanin, a blue color pig-
ment, turns the media blue. In agar media, P. 
Gingivalis produces pyocyanin, which causes 
brown or black spots that resemble fried eggs. 
Because of its comma rod shape and nonmotile 
flagella tuft, a microscopic examination of the 
bacteria will confirm its presence. S. Mutans is 
a Gram-positive bacterium with a thick cell wall 
and the gentian violet pigment. The cell wall’s 
peptidoglycan (murein) and teichoic acids pro-
vide stiffness and structure by preventing pro-
toplast osmotic lysis. The gel yields positive 
results, indicating that it can be used to inhibit 
microbes. Different concentrations of antimicro-
bial hydrogel were introduced into each isolated 
colony and the zone of inhibition was checked 
after incubation. The results of the preceding 
study show that the formulated hydrogel has a 
good antimicrobial effect. The area of the inhibi-
tion zone increased with increasing concentra-
tion, demonstrating the effectiveness of the gel 
at low and high concentrations. The prepared 
gel is capable of killing pathogenic bacteria. 
Further research into the approach’s compatibil-
ity in oral mucosa for the treatment of gingivitis 
and periodontitis could be beneficial.
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