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Abstract

Quinoxaline is an excellent lead for designing potential drug candidates and their derivative indenoquinoxaline is a
generation hit to modify the potential drug candidate. The present work is to design novel indenoguinoxaline derivatives and
screen for free radical scavenging activity, and anti-inflammatory and antibacterial activity to explore therapeutic potential. Since
antioxidant activity is a good biological indicator for the assessment of therapeutic activity of new compounds. Indenoguinoxaline
derivatives were also tested for in-vitro anti-oxidant activity by DPPH assay, anti-inflammatory activity done by protein
denaturation assay, and antibacterial activity against Streptococcuspneumoniae and Klebsiellapneumoniae to explore
pharmacological profile. Selected derivatives of synthesized compounds and lead investigated for in-vitro antibacterial activity
against human pathogenic bacteria like Klebsiellapneumoniae and Streptococcuspneumoniae, Staphylococcus aureus, and
Escherichia coli and compared with standard streptomycin under similar conditions. Indenoquinoxaline derivatives had significant
antioxidant activity and good anti-inflammatory activity. From antibacterial activity lead molecule (QN) derivatives such as QN-
4FA, QN-2CA, and QN-2FA were found to be highly active. The synthesized derivatives QN-2FA, QN-4FA & QN-4CA have
zones of inhibition of 23mm, 22mm & 21mm respectively against Streptococcuspneumoniae. The synthesized derivatives QN-
2FA, QN-4FA, QN-4CA, QN-2APY & QN-NDMAP have zones of inhibition of 20mm, 28mm, 27mm, 32mmé& 33mm
respectively against Klebsiella pneumoniae. The standard streptomycin has a zone of inhibition (Zol) of 32mm against tested
Klebsiella pneumoniae. Compounds QN-CREAT and QN-NNA have zone of inhibition 18 and 28mm respectively against
Staphylococcus aureus. Presence of chlorine and fluorine substituted aniline derivatives of QN is more active and potential
derivatives for further investigation.

Keywords: DPPH Assay, Well-plate method, Protein Denaturation, lead, Indenoquinoxaline

Full length article  *Corresponding Author, e-mail: brk.ram10@gmail.com

1. Introduction

Indenoquinoxaline and its derivatives have been
investigated for a wide variety of biological activity as a
versatile lead molecule for possible bioactive compounds [1-
2]. The therapeutic efficacy of indenoquinoxaline
derivatives is essential at the present moment or needs of
hour to explore the newer drugs against emerging diseases.
Newly designed compounds were also tested for in-vitro
antibacterial activity against highly pathogenic bacteria like
Streptococcus pneumoniae and Klebsiellapneumoniae,
compared with standard antibiotic streptomycin under
similar conditions. Indenoquinoxaline is an excellent lead
molecule for the creation of brand-new bioactive substances.
Their derivatives were documented for a large number of
pharmacological actions including anticancer, antiviral,
antimicrobial, and other activity [3-5]. Lead molecule
indenoquinoxaline synthesized by reaction between keto
groups of Ninhydrin (Indane-1,2,3-trione) with O-
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phenylenediamine by dehydrative cyclization [6]. Newer
derivatives were prepared by Schiff reaction of aryl
hetero/aryl amine with keto group of indenoquinoxaline. By
using spectrum analysis, newly synthesized chemical
structures were identified. By using the In-vitro DPPH
assay, synthetic substances were tested for their ability to
scavenge DPPH free radicals. Compounds with potential
free radical scavenging activity are indicators for wide-
spectrum biological activity [7]. The goal of the current
effort is to develop, synthesize, and characterize new
Indeno-quinoxaline derivatives using the Schiff reaction and
spectrum analysis. Ascorbic acid was used as the standard in
a DPPH experiment to test the antioxidant capability of
synthesized compounds, which were also tested for their in-
vitro anti-inflammatory and antibacterial properties.
Compounds with antioxidant activity along with anti-
inflammatory an important factor for accelerating the wound
healing activity in microbial infections and diabetic wounds,
this fact's present work is to study, so synthesized
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compounds investigated for antioxidant, and anti-
inflammatory activity along with antibacterial activity in this
investigation.

2. Materials and Methods
2.1. Synthesis of Indenoquinoxaline

Equimolar concentrations of O-phenylenediamine
and Ninhydrin (Indane-1,2,3-trione) (0.01M) were added to
10mL of glacial acetic acid, refluxed in a water bath for two
hours, and then allowed to cool overnight. The product is
filtered and recrystallized from dimethylformamide (DMF)
[8-17].The scheme of the reaction is presented in scheme 1.

2.2. Synthesis of Indenoquinoxaline derivatives

Equimolar quantities of indenoguinoxaline (0.01M)
and primary amine derivatives (arylamine/heteroarylamine)
(0.01M) were refluxed in 10mL of glacial acetic acid for 2
to 4hours and allowed to cool. The product is filtered and re-
crystallized from ethanol. The scheme of the reaction is
presented in scheme 2.

2.3. Physiochemical properties of synthesized compounds

The molecular weights of the synthesized
compound are determined by the mass spectrometer. The
melting points of the synthesized compounds are determined
by melting point apparatus. The Rf value of the synthesized
compound are determined by Thin layer chromatography
method using silica gel G as the stationary phase and
methanol as the mobile phase. The spots are detected by
lodine chamber method. The % vyields of the synthesized
compound are determined by calculating the theoretical
yield and practical yield. The result is presented in Table 1.

2.4. In-vitro antioxidant activity by DPPH assay method

10mg of the compound was mixed with the 10mL
of methanol; it will give the Img/mL concentration of the
compound. From this solution, 1ImL was taken and made up
to volume 10mL with the methanol which gave 100ug/ mL
concentration of compound. 10mg of the Ascorbic acid was
mixed with the 10mL of methanol; it will give the 1mg/mL
concentration. From this 1mL was taken and made up to
volume 10mL with the methanol which gives 100ug/mL
concentration of ascorbic acid. Using an electronic balance,
2mg of DPPH powder was measured and combined with
100mL of methanol to produce a 20ug/mL DPPH solution.
It should be stored in a dark, dry, and cold area [10-12], [32-
34].

2.5. Assay of free radical scavenging activity

In three separate test tube, 2mL of the 100pg/mL
compounds and ascorbic acid in methanol were taken, and
they were combined with 3mL of the DPPH (20pg/mL in
methanol). After 30minutes of reaction time at room
temperature in a dark area, the absorbance was measured at
517nm using a UV-VIS spectrophotometer with methanol as
the blank. The absorbance of the control (20ug/mL DPPH in
methanol) was also measured at 517nm using a UV-VIS
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spectrophotometer with methanol as the blank. The DPPH
assay was repeated three times (n=3) to get an average %
Inhibition of DPPH free radical. The following formula was
used to compute the percentage of free radical DPPH
inhibition:l % = {(Ao — As) / Ao} X 100, Where,Ao is the
absorbance of the control and As is the absorbance of the
compound /Standard. The result is presented in Table 2.

2.6. In-vitro anti-inflammatory activity by Protein
denaturation method

100pL of the sample, 5.6mL of phosphate-buffered
saline (PBS, pH 6.4), and 0.4mL of fresh hen's egg albumin
made up the reaction mixture (10mL). The reaction mixture
was prepared three times for each compound separately.The
same amount of double-distilled water was utilized as a
control. After being incubated at (37°C) in an incubator for
1 5minutes, the mixtures were heated to 70°C for Sminutes.
After cooling, their absorbance at 660nm was assessed using
double-distilled water as a blank. Diclofenac sodium was
used as a reference standard and treated equally for
calculating absorbance. The in-vitro anti-inflammatory
assay by protein denaturation method was repeated three
times (n=3) to get the average % Inhibition of protein
denaturation. The % inhibition of protein denaturation was
estimated using the formula below: The Result is present in
Table 3. % inhibition = C —T/ C, Where, T = absorbance of
test sample, C = absorbance of control [10, 35].

2.7. Antibacterial activity by disc diffusion and well-plate
method

The study utilized the following bacterial strains:
Escherichiacoli,Staphylococcus aureus,
Klebsiellapneumoniae, and Streptococcuspneumoniae. In
this study, the antibiotic streptomycin was used as a positive
control. Onto sterile Petri dishes, nutritional agar medium is
added in millilitre increments, left to set, and then disposed
of. After ensuring a uniform layer of medium using a
spreading rod, 100uL of broth produced from a particular
bacterial strain was piped on top. This process was
continued until the media had dried entirely. For the last
twenty-four hours, the temperature of the Petri dishes has
been maintained at 37°C. Dimethyl sulfoxide was utilized as
the negative control and streptomycin at a dosage of
Img/mL as the positive control. We measured the
dimensions of the zones of inhibition to evaluate the
antibacterial effectiveness. The disc diffusion method used a
sterile disc with a 6-millimeter diameter. The good diffusion
method requires the use of a sterile cork borer to insert the
bore. The antibacterial activity of QN-2FA, QN-4FA, QN,
QN-4CA, Streptomycin and negative control was
determined by disc  diffusion method against
Steptococcuspneumoniae.The antibacterial activity of QN,
QN-2FA, QN-4FA, QN-4CA, QN-2APY, QN-NDMAP,
negative control and positive control was determined against
K.pneumoniaeby well-plate  method.The antibacterial
activity of QN-MET, QN-DAPS, QN-DMPA, QN-2APY,
QN-CREAT, QN-NNA, negative control & positive control
against E.coli & S.aureus was determined by well-plate
method. The in-vitro antibacterial activity was performed
only one time (n=1), the average zone of inhibition was not
found. The result is presented in Tables 4 & 5.The zone of
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inhibition of QN, QN-2FA, QN-4CA, QN-2APY, ON-
NDMAP,+ve control, & -ve control against S.
pneumoniae&K. pneumoniaewas present in fig 1.The zone
of inhibition of QN-MET, QN-DAPS, QN-DMPA, QN-
2APY, QN-CREAT, QN-NNA,+ve Control,-ve Control
against E.coli&S.auerus was present in fig 2 [11], [36-37].

3. Results and discussion

Newer indenoquinoxaline  derivatives  were
synthesized with a good yield of 58 to 75% and the structure
was characterized by spectral analysis and formation of
compounds indicated by had C=N signal in FT-IR (JASCO-
FTIR-4700 model) studies and structure was confirmed by
LC-MS (Agilent 6530LC/Q-TOF) their corresponding
molecular weight given in Table 1. The Rf values of the
synthesized compounds are present between 0.68-0.92. The
melting points of the synthesized compounds are present
between 218-465°C. Molecular weights of the synthesized
compounds are present between 232-465, all the synthesized
compounds were investigated for free radical scavenging
activity by DPPH assay to explore antioxidant potential. The
synthesized compound exhibits significant antioxidant
activity of 50 to 75% when compared with standard vitamin-
C of 81.44% at 100mg/mL, under similar conditions, and
compound QN-4FA was found to be more active in this
series with 75% inhibition of DPPH-free radicals (Table 2).
Free radicals responsible for a wide range of biological
damages lead to many diseases. The current investigation is
to synthesize the Indenoquinoxaline derivatives and study
for antioxidant activity and from this study, all the newer
derivatives had good in-vitro antioxidant activity by DPPH
Assay. Indenoquinoxaline is a versatile lead molecule and
its  derivatives are  documented for  excellent
Pharmacological action including antioxidant activity [19-
24]. Free radical scavenging activity of synthesized
compounds is essential for a wide spectrum of biological
activity since free radicals induce many diseases in humans
[25-26]. Quinoxaline derivatives such as indeno and
Indoloquinoxaline derivatives documented for anti-HIV
activity10, 20. The free radical neutralization capacity of
synthetic compounds essential for biological activity and
antioxidant activity is also a good indicator of compounds'
therapeutic and pharmacological action. The antibacterial
activity of synthesized compounds tested against highly
pathogenic Streptococcuspneumoniae and
Klebsiellapneumoniae, and the synthesized compounds had
significant antibacterial activity when compared with
standard  streptomycin  under  similar  conditions.
Indenoquinoxaline derivatives were reported for significant
antimicrobial activity [28-29]. When compared to 100mg of
normal ascorbic acid, synthetic compounds demonstrated
high antioxidant activity. When tested for in-vitro anti-
inflammatory activity using Diclofenac sodium as standard
by the protein denaturation assay, few compounds were
assessed and found to have significant effectiveness.
Indenoquinxaline derivatives also exhibit good antibacterial
activity against Streptococcusspneumoniae and Klebsiella
pneumoniae when compared with standard streptomycin
under similar conditions. So synthesized compounds have
antioxidant, anti-inflammatory activity, and antibacterial
activity. All the designed compounds have good anti-
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oxidant activity and selected compounds also have
significant anti-inflammatory and antioxidant activity will
help to reduce inflammation and microbial infections. Free
radicals scavenging activity essential for neutralizing the
toxic effect of free radicals and their induced damage in the
system, since free radicals induce severe damage and lead to
many diseases like cancer, diabetes, and nephritis [27].
Synthesized compounds demonstrate significant antioxidant
activity when compared to standard ascorbic acid, and high
anti-inflammatory activity, strong antibacterial action
against respiratory pathogens when compared to
conventional  streptomycin,  Indenoquinoxaline  had
significant antioxidant activity at 100mg when compared
with standard ascorbic acid (Vitamin-C) under similar
condition. Designed selected newer derivatives also tested
for in-vitro anti-inflammatory activity, all the tested
compounds exhibit good anti-inflammatory activity at
100mg when compared with standard Diclofenac sodium
under similar conditions. Selected newly synthesized
compounds studied for antibacterial activity against
Streptococcuspneumoniae and Klebsiellapneumoniae and
tested compounds documented for significant activity
against pathogens when compared with standard
Streptomycin under similar conditions (Table 4). In-vitro
anti-inflammatory activity performed in protein denaturation
assay using Diclofenac as standard, synthesized compounds
have good activity when compared with standard under
similar conditions. Indenoquinoxaline (QN) and their
selected derivatives QN-2FA, QN-4FA, QN-2CA, and QN-
4CA tested for in-vitro antibacterial activity against human
respiratory pathogens like Klebsiellapneumoniae and
Streptococcuspneumoniae and among the QN derivatives
QN-CREAT and QN-NNA tested for in-vitro antibacterial
activity against the bacteria Staphylococcus aureus and
Escherichia coli. Indenoquinxaline derivatives also exhibit
significant antibacterial activity against Streptococcus
pneumoniae and Klebsiella pneumoniae when compared
with standard streptomycin under similar conditions. When
compared to 100mg of normal ascorbic acid, synthetic
compounds demonstrated high antioxidant activity. Free
radicals are reported for major diseases for humans and
neutralization of free radicals may be a good solution to
rectify human disease and antioxidant activity of
synthesized compounds and natural products plays a vital
role in the treatment of many diseases like diabetes, cancer,
and neuritis8. Diabetic and cardiovascular diseases are
mainly due to the free radical-induced damages and
potential free radical scavenging activity of synthetic
molecules needed for the hours as prophylactic and
therapeutic activity via scavenging free radicals [23-35].
Synthesized compounds screened for in-vitro anti-
inflammatory activity by protein denaturation assay using
Diclofenac sodium as standard to explore preliminary anti-
inflammatory  potential. From these in-vitro anti-
inflammatory studies, all the compounds exhibit good
activity with 10 to 75% inhibition of protein Denaturation.
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Table 1. Physiochemical Properties of Synthesized Compounds

Compound code Molecular weight Melting point Rf % Yield

QN 232 218 0.89 70
QN-2FA 325 311 0.71 62
QN-4FA 325 311 0.76 58
QN-2CA 341.80 327 0.68 62
QN-4CA 341.80 327 0.78 65
QN-2AP 308 296 0.9 60
QN-2APY 309.33 308 0.85 65
QN-PH 322 308 0.83 72
QN-DNPH 412 398 0.89 68
QN-DAPS 351 448 0.9 60
QN-BENZI 346 384 0.65 65
QN-OPD 351 299 0.79 65
QN-PABA 350 327 0.82 62
QN-ANTH 465 324 0.825 70
QN-B1 299 465 0.85 58
ON-MET 398 365 0.92 75
QON-CREAT 327 313 0.75 60
QN-NNA 336 343 0.82 75
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Figure 1. In-vitro antibacterial activity of QN, QN-2FA, QN-4CA, QN-2APY, QN-NDMAP, +ve control, & -ve control against S.
pneumoniae& K. pneumoniae

Figure 2. In-vitro antibacterial activity of QN-MET, QN-DAPS, QN-DMPA, QN-2APY, QN-CREAT, QN-NNA,+ve Control,-ve
Control against E.coli&S.auerus
Ramakrishna and Rao, 2023 493
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Table 2. In-vitro Anti-oxidant activity by DPPH Assay

Compound Molecular weight COD SOD % Inhibition Mean % Inhibition
QN 232 0.34 0.12 64.71 63.73+1.50
0.34 0.12 61.76
0.34 0.12 63.73
QN-2FA 325 0.34 0.09 73.53 75.49+6.12
0.34 0.10 70.59
0.34 0.06 82.35
QN-4FA 325 0.34 0.09 73.53 75.49+6.12
0.34 0.10 70.59
0.34 0.06 82.35
QN-2CA 341.80 0.34 0.12 64.71 63.73+1.50
0.34 0.12 61.76
0.34 0.12 63.73
QN-4CA 341.80 0.34 0.12 60 62.22+3.85
0.34 0.10 66.67
0.34 0.12 60
QN-2AP 308 0.30 0.06 80 77.15+2.71
0.29 0.06 79.31
0.29 0.08 75
QN-2APY 309.33 0.31 0.10 67.74 68.82+3.22
0.31 0.09 70.96
0.31 0.11 64.52
ON-PH 322 0.38 0.16 57.56 53.92+2.80
0.38 0.18 52.63
0.38 0.19 52.78
QN-DNPH 412 0.36 0.19 47.22 47.2240
0.36 0.19 47.22
0.36 0.19 47.22
ON-MET 398 0.36 0.14 61.11 51.88+16.97
0.36 0.10 72.22
0.36 0.22 38.89
QN-B1 299 0.34 0.09 73.53 73.3743.85
0.36 0.11 69.44
0.35 0.08 77.14
QN-DAPS 351 0.30 0.10 66.67 65.56+1.93
0.30 0.11 63.33
0.30 0.10 66.67
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QN-OPD 351 0.36 0.15 58.33 52.78+5.56
0.36 0.19 47.22
0.36 0.17 52.78

QN-PABA 350 0.38 0.18 52.63 50.44+2.63
0.38 0.20 47.37
0.38 0.19 50.0

QN-ANTH 465 0.38 0.14 66.67 63.66+5.07
0.38 0.16 57.89
0.38 0.14 66.67

QN-BENZ 346 0.34 0.15 55.8 61.63+5.80
0.34 0.12 67.4
0.34 0.13 61.7

QN-CREAT 327 0.36 0.18 50 55.56+11.57
0.36 0.12 66.67
0.36 0.20 44.44

QN-NNA 336 0.36 0.20 44.44 42.13+1.60
0.36 0.20 44.44
0.36 0.21 41.67

QN-DMPA 346 0.36 0.20 44.44 46.29+3.21
0.36 0.18 50.0
0.36 0.20 44.44

QN-SA 437 0.31 0.08 74.19 73.12+1.86
0.31 0.08 74.19
0.31 0.08 70.97

QN-1A2SNAP 387 0.36 0.15 58.33 52+5.56

0.36 0.19 47.22
0.36 0.17 52.78

Vit C (STD) - 0.36 0.07 80.5 81.44+1.63
0.36 0.07 80.5
0.36 0.06 83.33
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Synthesis of Indenoquinoxaline
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Figure 3. Synthesis of Indenoquinoxaline

Synthesis of Indenoquinoxaline Derivatives
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Figure 4. Synthesis of Indenoquinoxaline Derivates
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Table 3. In-vitro Anti-inflammatory Activity by protein Denaturation method
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Compound Molecular weight COD SOD % Inhibition Mean % Inhibition
ON 232 0.34 0.30 11.76 11.96+0
0.34 0.30 11.76
0.34 0.30 11.76
QN-2FA 325 0.34 0.30 11.76 11.96+0
0.34 0.30 11.76
0.34 0.30 11.76
QN-4FA 325 0.34 0.28 16.65 18.63+4.64
0.34 0.29 14.70
0.34 0.26 23.53
QN-2CA 341.80 0.34 0.07 79 73.33+7.21
0.34 0.12 64.71
0.34 0.09 73.53
QN-4CA 341.80 0.34 0.30 11.76 17.33+5.24
0.34 0.28 17.65
0.34 0.26 22.22
QN-2APY 309.33 0.34 0.25 26.47 26.03+3.61
0.34 0.24 29.41
0.34 0.26 22.22
QN-NNDMPA 322 0.34 0.20 44.18 41.0045.11
0.34 0.19 44.11
0.34 0.22 35.29
ON-PH 412 0.33 0.25 24.24 18.18+5.25
0.33 0.28 15.15
0.33 0.28 15.15
QN-DNPH 462 0.33 0.28 15.15 16.16+1.75
0.33 0.27 18.18
0.33 0.28 15.15
QN-BENZ 398 0.33 0.31 6.45 6.45+0
0.33 0.31 6.45
0.33 0.31 6.45
QN-NDMA 299 0.33 0.30 9.09 9.09+0
0.33 0.30 9.09
0.33 0.30 9.09
QN-ANTH 351 0.33 0.28 15.15 15.15+0
0.33 0.28 15.15
0.33 0.28 15.15
QN-DAPS 351 0.33 0.29 12.12 11.11+1.75
0.33 0.30 9.09
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0.3 0.29 12.12
QN-PABA 350 0.33 0.30 9.09 9.09+0
0.33 0.30 9.09
0.33 0.30 9.09
QN-2AP 465 0.33 0.18 44.44 42.13+1.56
0.33 0.18 44.44
0.33 0.17 41.67
QN-BENZ 346 0.35 0.29 17.14 10.24+1.84
0.35 0.28 20.58
0.35 0.28 20.00
QN-SA 327 0.3 0.30 9.09 9.09+0
0.33 0.30 9.09
0.33 0.30 9.09
QN-1A2SNAP 336 0.33 0.30 9.09 9.09+0
0.3 0.30 9.09
0.3 0.30 9.09
QN-B1 343 0.34 0.28 16.65 20.40+4.64
0.34 0.29 14.70
0.34 0.26 23,53
QN-CREAT 437 0.34 0.24 26 26.28+0.16
0.34 0.24 26.28
0.34 0.23 26
QN-OPD 387 0.33 0.30 9.09 10.28+0
0.33 0.30 9.09
0.3 0.30 9.09
sog:ﬁ'r?qf‘zg%) i 0.33 0.06 81.82 82.83+1.75
0.3 0.06 84.85
0.33 0.06 81.82
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Table 4. Anti-Bacterial Activity of Indenoquinoxaline Derivatives

Compound code

Zone of inhibition (mm)

S. pneumoniae

K. pneumoniae

ON
QN-2FA
QN-4FA
QN-4CA

QN-2APY
QN-NDMAP
Streptomycin (Std.)

Negative control

23

22

21

28

20

28

27

32

33

32

Table 5. Anti-Bacterial Activity of Indenoquinoxaline Derivatives

Compound code

Sample code in Petri

Zone of inhibition (mm)

dish Staphylococcus aureus .coli

ON-MET 1 - -

QN-DAPS 2 - -

QN-DMPA 3 . )

QN-2APY 4 - -

ON-CRAET 1 28 -

QN-NNA 2 18 .

Streptomycin (Std.) 3 28 32

Negative control 4 - -
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4. Conclusions

Indenoquionxaline is an excellent lead molecule for

designing potential bioactive agents and its derivatives are
reported for wide-spectrum of activity [20-22], [29-34].
Present work to design novel indenoquinoxaline derivatives
by Schiff's reaction and characterized by spectral analysis.
Newly synthesized compounds were investigated for in-
vitro antioxidant activity by DPPH assay, in-vitro anti-
inflammatory activity by protein Denaturation method, and
in-vitro antibacterial activity by disc diffusion and well-plate
method. Newer derivatives had significant antioxidant
activity and the selected compound exhibits good
antibacterial and anti-inflammatory activity.
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