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KEYWORDS Abstract A series of N-Mannich base derivatives of 2-phenyl-2-imidazoline with substituted ami-
N-Mannich base derivatives; nes (1-13) were designed, synthesized, and characterized by spectroanalytical techniques. The newly
Antioxidants; synthesized compounds (SP1-SP13) were evaluated biologically for their antioxidant, a-amylase
Enzyme inhibition; enzyme inhibition, antimicrobial, cytotoxic, and anti-inflammatory activities. Compounds were
Antimicrobial; analyzed to predict their drug-likeliness behavior SP11 showed good activity in % FRSA against
MTT assay; DPPH free radical at ICsy of 148.16 + 2.81 ug/mL. SP11 and SP13 exhibited good antioxidant
Anti-inflammatory assay responses in TAC and TRP assays, respectively. SP2 has shown maximum % inhibition against

a-amylase enzyme to 94.02 + 0.2% at 200 pg/mL. SP2, SP8, and SP12 exhibited potent effect
against o-amylase enzyme at ICsq value of 9.20 + 0.48, 10.25 + 0.43, and 13.81 + 0.90 pg/mL,
respectively. Compounds showed good to moderate activity against all bacterial and fungal strains.
The compounds were selected for further analysis against hepatocellular carcinoma cell line
(HepG2) based on LDsy and ICs, values obtained in brine shrimp cytotoxicity and biocompatibility
assay, respectively. SP3, SP12, and SP13 were evaluated at 24, 48, and 72 h against HepG2 cells.
Maximum response was observed at 72 h. A dose-optimization study was conducted and in vivo
anti-inflammatory activity was performed on SP3, SP12, and SP13 based on results obtained from
in vitro NO assay. The results are compared to that of standard (acetylsalicylic acid).
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1. Introduction

With the development of technologies and discoveries, organic
synthesis has benefited science and society both directly and
indirectly. Organic chemistry, together with other sciences
has helped to address global problems like nutrition and public
health, making it possible to have a workable and friendly
environment for life and mankind on our globe (Nicolaou,
2018). Organic chemistry provided the path leading to a num-
ber of scientific discoveries not only in the field of chemistry
but also in biology and medicine (Nicolaou et al., 2000).

During the 20th century with the advancement in organic
chemistry, chemists started mixing synthetically useful reac-
tions with the names of those who discovered them. Well
known includes Sabatier reaction, Diels-Adler reaction, Grig-
nard reaction, Witting reaction, Claisen Condensation reac-
tion, Mannich reaction, Suzuki-Miyaura reaction, Negishi
coupling reaction, etc. (Heravi et al., 2018).

Aldol (Palomo et al., 2002), nitro-Aldol (Palomo et al.,
2007), and Mannich reactions (Kobayashi et al., 2011) are con-
sidered basic carbon—carbon bond-forming reactions in
organic chemistry because they involve the addition of C—H
nucleophile to C=X bond and have been studied extensively
(Noble and Anderson, 2013). The reaction between aldehydes,
amines, or ammonia and heterocyclic acidic proton-containing
pharmacophores is known as a Mannich reaction (Mannich
and Krosche, 1912). The diverse and complex structural motifs
as a result of a three-component reaction have attracted medic-
inal chemists (Morisaki et al., 2020). Mannich reactions have
been employed in the synthesis of natural products as well as
in medicinal chemistry (Iijima et al., 2020; Cordova, 2004).
The reaction is mostly employed for the synthesis of nitroge-
nous molecules (Aza Mannich reaction) (List, 2000).

The diverse biological molecules are frequently accessed by
the Mannich reaction and it has widespread applications in
crop protection, macromolecular material industry and the
polymer and paint industry (Tramontini and Angiolini, 1994;
Tramontini et al., 1988). Mannich reactions have practical
applications in the macromolecular material industry, such
as manufacturing of leather paper, synthetic polymers, addi-
tives in the petroleum industry, analytical reagents, dyes, cos-
metics, etc. It is also helpful in the manufacturing of chemicals
used as plant growth regulators in the agricultural industry
(Idhayadhulla et al., 2014). However, the major contribution
was made in the field of medicine and pharmaceutical industry
(Overmann and Ricca, 1991) where Mannich reaction offers a
wide range of biological activities such as anticancer (Xu et al.,
2020), antimicrobial (Prakash and Raja, 2013), anti-
inflammatory  (Sivakumar et al., 2014), anthelmintic
(Bamnela and Shrivastava, 2012), analgesic (Koksal et al.,
2007), anticonvulsant (Czopek et al., 2016) and so on. The bio-
logical potential of Mannich bases is far from being exhaus-
tive. There exist many examples of clinically approved drugs
that consist of aminoalkyl chains, such as ranitidine, cocaine,
atropine, amodiaquine, ethacrynic acid, procyclidine, etc.
(Racane et al., 2001; Kashiyama et al., 1999; Bhusare et al.,
2001). Few of the clinically approved drugs having N—C—N
and C—C—N entities are summarized in Fig. 1.1. There have
been many Mannich bases reported in the literature derived
from thiophene and kojic acid (Fig. 1.1.).

Imidazole ring is an important nitrogen-containing hetero-
cyclic scaffold in medicinal chemistry and is immensely dis-
tributed in natural and synthetic products (Zheng et al.,
2020). It has amphoteric nature and an electron-rich structure.
Due to its significant structural features, it can interact with
biological receptors and targets, thereby exhibiting biological
properties (Wright, 1951; Bhatnagar et al., 2011; Ingle and
Magar, 2011). It was discovered in the early 1840s but first syn-
thesized by Heinrich Debus in 1858 (Debus, 1858). Ever since
its discovery, hundreds of its derivatives have been synthesized
and this number is getting increased due to its wide applica-
tions as medicinal drugs, biomimetic catalysis, agrochemicals,
supramolecular ligands, and so on (Hill, 2009; Forte et al.,
2009; Jin, 2011; Gao et al., 2002). Imidazole-based derivatives
have gained much attraction in medicinal chemistry because of
their significant contribution to the clinical field to treat med-
ical conditions (Mishra and Ganguly, 2012; Zhang et al., 2014)
and there has been extensive literature on the medicinal value
of these nitrogen-containing scaffolds.

There are many examples of FDA approved drugs that con-
tain imidazole ring and are being used extensively as an antivi-
ral (Sharma et al., 2009), antifungal (Feldman, 1980),
antibacterial (Atia, 2009), anti-cancer (Krezel, 1998), anti-
inflammatory (Rupcic et al., 2010), anti-tubercular
(Bendagude and Kondawar, 2017), and antihypertensive agents
(Anupam et al., 2018). Few examples of FDA-approved drugs
having an imidazole ring system are summarized in Fig. 1.2.

Clonidine is an anti-hypertensive drug having a
2-imidazoline ring. Among the imidazoline derivatives,
2-imidazoline is most active and its derivatives have anti-
inflammatory, anti-hypertensive, anti-diabetic, and anti-
depressant properties (Liu and Du, 2009; Dardonville and
Rozas, 2004).

During past decades, there has been done great work by
medicinal chemists on synthesizing imidazole-based derivatives
and evaluated their therapeutic properties (Fig. 1.3). Com-
pound 1 (Sharma et al., 2009); 2 (Zampieri et al., 2007); and
3 (Shreenivas et al., 2011) have activities against bacterial
and fungal strains. Compounds 4 and 5 exhibited analgesic
and anti-inflammatory activities (Shalini et al., 2010; Achar
et al., 2010). Compounds 6 and 7 showed anti-cancer activity
(Refaat, 2010). Compound 8 exhibited good antiviral activity
(Tonelli et al., 2010) and compound 9 exhibited significant
activity against Leishmania donovani (Bhandari et al., 2010).
Compound 10 exhibited antimicrobial and anticonvulsant
properties (Shanmugasundaram et al., 2009).

Motivated by the structural features of the imidazoline
nucleus and the enhanced biological spectrum of f-
aminomethylated groups i.e. Mannich base, we aimed to
design and synthesized new molecules having activities against
free radical, infections caused by different fungal and bacterial
strains, tumors and inflammation. To achieve such biomole-
cules, we hybridized 2-phenyl-2-imidazoline moiety into the
series of amines via a linker group. The conjugation and incor-
poration of different functional moieties within the existing
bioactive scaffold is an attractive and appealing approach to
design, formulate, and synthesize new bioactive compounds
that possess synergistic biological properties of all the reac-
tants (Kumar et al., 2012). Keeping that approach in mind
and the versatile biological profile of imidazoline heterocyclic
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Fig. 1.1

ring, in the present study we have synthesized N-Mannich base
derivatives of the 2-phenyl-2-imidazoline moiety. The entire
synthetic library compounds were then evaluated biologically
for their insilico, antioxidant, a-amylase enzyme inhibition,
antibacterial, antifungal, cytotoxic, and anti-inflammatory
potential. The N-Mannich bases synthesized in the present
work and their comprehensive biological profile has not been
reported in the literature to date.

2. Results and discussion

2.1. Chemistry

With the development in the Mannich reaction, it was con-
cluded that the Mannich reaction is a nucleophilic addition
reaction where an amine reacts with an aldehyde (formalde-
hyde) to form an iminium ion, followed by dehydration to
form a Schiff base. The Schiff base acts as an electrophile
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Examples of Mannich bases derived from heterocyclic rings having aminoalkyl chains.

and reacts with an iminium ion which results in the synthesis
of the Mannich base, the end product of the Mannich reaction
(Aljamali et al., 2015). The disconnection approach is used to
determine the mechanism of action of all the products. In
scheme 2.1, the Mannich base is disconnected from all of its
known reactants. The disconnection occurs between a carbon
and nitrogen bond. From the disconnection approach, it is
clear that the product consists of an aldehyde, a secondary
amine and an imidazoline nucleus. The general mechanism
of the Mannich reaction involving iminium ions is described
in Fig. 2.1.

At first, formaldehyde attacks an amine (4-bromo aniline)
to form the iminium ion. This reaction takes place in an acidic
medium. Water is released as the only byproduct during this
condensation reaction (Farooq et al., 2020). In the second step,
the iminium ion starts attacking the acidic proton containing
pharmacophore (2-phenyl-2-imidazoline), which results in the
formation of the Mannich base.
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Alexander and Underhill studied the kinetics of the Man-
nich reaction and concluded from their findings that the Man-
nich reaction is 3rd order reaction with no primary salt effect.
This kinetic model was studied in acidic conditions, for this
reason, there remained limitations for Kkinetic studies
(Cummings and Shelton, 1960). This limitation was ruled out
in a study conducted in 1949, where the reaction pathway
showed involvement of iminium ion in both acidic as well as
basic medium.

O—=J

R= NHCGH5,0CGH5

Imidazole-based derivatives having diverse biological activities.

The substrate used in the Mannich reaction must have an
acidic proton attached to a heteroatom (Farooq et al., 2020).
In the synthetic library of compounds SP1-SP13, 2-phenyl-2-
imidazoline acts as a substrate, having an acidic proton
attached to a nitrogen heteroatom thus making it a nucle-
ophilic site (Tramontini et al., 1988). Formaldehyde in the
form of formalin solution (37%) acts as a linker group. All
the newly synthesized compounds were thoroughly character-
ized by various spectroanalytical techniques. In the 'H NMR
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spectrum of the compounds, aromatic protons were mostly
observed at downfield shift. The phenyl protons were observed
deshielded at 6 7.00 to 8.11 ppm. The protons of the substi-
tuted amines were mostly observed at upfiled region of the
'"H NMR spectra. The linker methylene bridge (—N—CH,-
—N—) was resonated around ¢ 3.73-3.77 and 4.43-4.61 ppm
and gave a singlet (s) which attributes to 2 methylene protons.
In SP2, the methylene bridge was observed at 6 3.91 ppm and
gave a triplet (t). In SP8, SP11, and SP13, —N—CH,—N— the
signal was observed as singlet (s) around ¢ 5.13 and 5.45 ppm,
respectively. The most downfield chemical shifts observed in
the spectrum of these compounds were due to the presence

H H H
N+ _H+ H N
o
H
Br BI‘
+H*

. :

N i H N
HOX

H
Br Br

Br
Mannich base

The postulated reaction mechanism of the Mannich reaction by the disconnection approach.

of an electronegative atom (-Br) in SP8 and acetyl group
attached to a phenyl ring (acetaminophen substituted) in SP13.
13C NMR spectrum further assisted in the identification of the
structure of synthetic compounds. Solvent peaks for CDCl; -
and DMSO ds were observed at 6 77.2 ppm and 39.5 ppm,
respectively in '3C NMR spectra and for 'H NMR spectra,
the peaks were observed at 6 7.26 ppm for CDCl;y and o
2.50 ppm for DMSOds. All other aromatic signals were
observed in the expected regions. In the mass spectral analysis
of synthetic compounds (SP1-SP13), the molecular ion peak
for these compounds was observed as (M") for all the
compounds.
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2.2. ADME predictions and pharmacokinetic profiling of
synthetic compounds

Drug-likeliness prediction is important to optimize pharma-
ceutical, pharmacokinetic and pharmacological properties of
the newly synthesized compounds. The drug-likeliness of the
synthetic library was estimated using online tools. ADME
properties of the synthetic compounds were predicted by Swis-
SADME software. The data obtained from the online tool is
presented in Table 2.1.

All synthetic compounds were druglike according to
Lipinski’s rule except SP7 that was partially following the
Lipinski rule of five. To completely follow the Lipinski rule,
test compounds should comply with all the below-mentioned
conditions;

(1) Molecular weight should be < 500 Dalton
(2) Hydrogen bond acceptors must be < 10
(3) Hydrogen bond donors should be < 5

(4) iLOGP should be < 5

(5) MLOGP should be < 5

As from Table 2.1, it is evident that SP7 is not following
rule number 5 i.e. MLOGP = ~5. This data represents the
lipophilicity profile of SP7. There are many examples of mar-
keted drugs that violate Lipinski ROS, but generally, it is
acceptable that any drug that violates not more than one
parameter can be a good active oral drug (Yehye et al.,
2012). For example, sorafenib is out of range for molecular
weight and AlogP values of the lead-like rule. Despite this fact,
sorafenib has been approved by FDA for renal cell carcinoma
(Wilhelm et al., 2006) and studies suggest its efficacy in pros-
tate cancer as well (Oh et al., 2012).

These provided absorptions, distribution, and metabolism
parameters of compounds that help in predicting whether the
compound will be able to reach the bloodstream, distribute
to the site of action, and will be metabolized to non-toxic
water-soluble metabolites for elimination. The SwissADME
software provides information regarding blood-brain barrier
permeability, water-solubility, lipophilicity, human intestinal
absorption, plasma protein binding and interaction with cyto-
chrome P45 enzyme. These compounds were also substrates
for p-gp that can manage the entry of synthetic compounds
in the blood and the brain. It is also necessary for the com-
pounds to be metabolized to ensure their elimination and pre-
vent accumulation in the body. This helps in managing plasma
concentration for a specific time and minimizes possible side
effects (Waseem et al., 2017). Moreover, compounds were also
predicted to inhibit CYP450 enzymes including 2C9, 2C19,
2D6, and 3A4. SP1, SP3, SP4, SP5, and SP12 only inhibited
2D6. SP10 inhibited 2C19. Others can inhibit more than one
enzyme. This means that these compounds have the potential
to interfere with the metabolism of other drugs or chemicals
metabolized by the inhibited enzymes. SP2, SP6, and SP13
were not predicted to inhibit any CYP enzyme. Thus, these
compounds can affect their metabolism beside other drugs
and may lead to accumulation or reduced activity. Concisely,
compounds have a sort of average in silico ADME profile that
can be explored in vivo and such compounds can be considered
for further evaluation (Waseem et al., 2017).

The BOILED-Egg method gives information about the
GIT (gastro intestinal) absorption and blood-brain barrier
(BBB) permeability of any compound. All of the compounds
exhibited high GI absorption except for SP5 and SP6. The
appearance of the blue dots represents that the drug can be
actively effluxed with the help of P-gb substrate and the red
dot represents as non-substrate of P-gb. The location of these
dots provides information related to absorption or permeabil-
ity. The BOILED-Egg representation of the synthetic library is
described in Fig. 2.2.

2.3. Biological evaluation of synthetic compounds

2.3.1. Antioxidant evaluation

2.3.1.1. % Free radical scavenging assay (DPPH Assay). The
antioxidant potential of the synthetic compounds was evalu-
ated by the DPPH (Diphenyl-1-picrylhydrazyl) method. The
potential of the synthetic compounds to scavenge the free rad-
ical (DPPH) is monitored by the discoloration of the DPPH
reagent from purple to yellow color (Rahman et al., 2017).
Quercetin and ascorbic acids were used as standards. The
results of % FRSA (free radical scavenging assay) of the syn-
thetic library are summarized in Fig. 2.3.

Initially the compounds antioxidant potential was assessed
at 200 pg/mL. All the synthetic compounds showed moderate
to good activity against DPPH free radical. SP11 showed the
maximum inhibition of DPPH radical up to 56.8%. SP12
showed % inhibition for up to 45.47% followed by SP6
(41%), SP4 (34%), SP2 (29.88%) and SP1 (28.65%). The least
antioxidant potential was showed by SP9 for up to 8.56%.
Among the synthetic library, SP11 was further tested on
66.66, 22.22, and 7.40 ug/mL concentrations to determine its
ICso value, which was found out to be 148.16 + 2.81 pg/m
L. The standards, ascorbic acid, and quercetin showed the %
inhibition at ICsy of 11.09 + 0.06 and 16.56 + 0.03 pg/mL,
respectively.

The normal oxygen consumption in the body leads to the
production of different free radicals. When the natural antiox-
idant defense system of the body is compromised, these free
radicals accumulate and interact with the biological system
in a cytotoxic manner and can cause damage to the genomic
matter in cells, proteins, enzyme (Barbuceanu et al., 2014)
and play an important role in the pathogenesis of many dis-
eases such as coronary heart diseases, neurodegenerative disor-
ders, aging, diabetes and different types of tumors (Ismaili
et al., 2008; Torreggiani and Tamba, 2005). The reducing fea-
tures of different organic compounds make them very impor-
tant antioxidants. The incorporation of -OH and OCH;
groups in the benzene ring is responsible for good antioxidant
activity (Rakesh et al., 2015). P-anisidine ring incorporated in
SP11 is responsible to exhibit good antioxidant activity against
DPPH free radicals. In general, higher antioxidant activity is
related to the basic nature of the nitrogen atom. The higher
the basicity of the nitrogen atom, the higher will be the activity
(Hayun et al., 2018).

2.3.1.2. Estimation of total antioxidant capacity (TAC) and
total reducing power (TRP). The synthetic compounds were
further evaluated to determine their antioxidant potential by
total antioxidant capacity (TAC) and total reducing power
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Table 2.1 Lipinski’s rule of five for the drug-likeness of synthesized compounds (SP1-SP13).

Comp. MW HBA 2 HBD®  LogP,, (LOGP) LogP,, (MLOGP) P-gb CYP Inhibition °  Lipinski
Name 1< 500 (<10) (<5) (<9 5 (<5) substrate © violation
SP1 24535 2 0 2.70 2.65 Yes 2D6 No
SP2 24532 3 0 2.41 1.54 Yes = No
SP3 229.32 2 0 2.61 2.80 Yes 2D6 No
SP4 259.39 2 0 3.38 3.30 No 2D6 No
SP5 258.36 3 0 2.82 2.20 Yes 2D6 No
SP6 24434 3 1 2.62 1.54 Yes = No
SP7 327.42 1 0 2.97 4.74 No 1A2, 2C19, 2C9, 1
2D6, 3A4
SP8 330.22 1 1 3.04 3.95 No 1A2, 2C219, 2C9,  No
2D6
SP9 285.77 1 1 2.90 3.83 No 1A2, 2C19, 2D6 No
SP10 293.36 2 0 2.25 3.28 No 2C19 No
SP11 281.35 2 1 2.79 2.98 No 1A2, 2D6 No
SP12 231.34 2 0 2.98 2.80 No 2D6 No
SP13 309.36 3 1 2.13 2.72 No = No

! MW = Molecular weight, > HBA = Hydrogen bond acceptors, > HBD = Hydrogen bond donors, # ilog P, = octanol-water partition co-
efficient, > MLOGP = Moriguchi Log P (octanol-water partition co-efficient), °P-gb = P-glycoprotein, 'CYP = Cytochrome P450.
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Fig. 2.2 BOILED-Egg representations of absorption and distribution properties of SP1-SP13 compounds. Egg white represents human
intestinal absorption (HIA), whereas egg yolk (yellow) shows blood-brain barrier permeability (BBB).

(TRP) methods. The ascorbic acid standard curve is used to
calculate the TAC and TRP results, shown in Fig. 2.4.

Values of standards at different concentrations are pre-
sented in Fig. 2.5.

All of the compounds showed good activity in the TAC
assay. The highest TAC was observed by SP11 at 115.3 + 2.
64 ng AAE/mg bearing p-anisidine moiety followed by SP9
with TAC values of 79 + 2.3 ng AAE/mg. All the other com-
pounds showed moderate activity in the TAC assay. Ascorbic
acid showed TAC activity of 125 + 2.63 pg AAE/mg.

A TRP assay was performed to evaluate the reducing
potential of synthetic compounds. For ascorbic acid, the value
of TRP was observed at 121 £+ 2.43 ug AAE/mg. only SP11
and SP13 showed significant activity is TRP assay at a value
of 109.17 £ 2.81 pg AAE/mg and 60.32 £ 1.99 pg AAE/
mg, respectively. Ascorbic acid, used as standard has a TRP
value of 121 + 2.43 pg AAE/mg. The results of these assays
are plotted parallel to one another in Fig. 2.6.

A TRP assay is based on the antioxidant potential of the
compounds to neutralize or react with the react free radicals



S. Farooq et al.

% DPPH inhibition at 200 pg/mL

160 -{ I % FRSA
(I IC, (pg/mL)

140

28.65 2988

AA QuercetinSP1  SP2  SP3  SP4

SPs5

SP6

SP7

148.16

— 160

— 140

— 120

— 100

SP8 SP9 SP10 SP11 SP12 SP13

Fig. 2.3  Graphical representation of DPPH Assay estimation of the synthesized compounds (SP1-SP13). Values given are expressed as
the mean of triplicate + standard deviation.

Absorbance

Ascorbic acid standard curve for TAC analysis

1 ~
0.9
0.8
0.7 A
0.6
0.5
0.4
0.3 A
0.2
0.1 A

O +

01 ¢

y=10.0198x - 0.1257
R*=0.987

20 40 60
Concentration (ng/mL)

Absorbance

w

»

w

~

[

o

Ascorbic acid standard curve for TRP analysis

y =0.0436x + 1.7841
R*=0.9858

20 40
Concentration (ng/mL)

60

Fig. 2.4  Ascorbic acid calibration curves (y = 0.0198x — 0.1257, R? = 0.987) for total antioxidant capacity (TAC) and (y = 0.0436x +
1.7841, R* = 0.9858) for total reducing power (TRP) estimations.

ng/mg DW

140

120

100

80

60

40

TAC of Ascorbic Acid

N AA (50 pg/mL)
EZZ2 AA (25 ng/mlL)
N AA (12,5 ug/mL)
2 AA (6.25 ng/mL)

1

ng/mg DW

140

120 4

100 +

[
o

=
o

TRP of Ascorbic Acid

. AA (50 pg/mL)
EXXX) AA (25 pg/mL)
. AA (12.5pg/mL)

CTRRRIHRAA
RRRRRRKRRA

<>
R

0%

%

T

%
KRS

TRXX
20

RRRARK
RS

X

Fig. 2.5 Standard (Ascorbic acid) TAC and TRP estimation.



Synthesis, characterization and biological evaluation of N-Mannich base derivatives 9

generated while performing the assay. The antioxidants act by
reducing the Fe " to Fe?™ (Lee et al., 2015). Compounds sub-
stituted with hydroxyl or methoxyl groups (p-anisidine in
SP11 and acetaminophen in SP13) are reported to be good
antioxidants (Rakesh et al., 2015). The potential of com-
pounds to act as antioxidants is based on different factors
i.e. the chemical environment, the nature of oxidants and
antioxidants, reaction mechanism, reaction conditions, and
medium. That’s the reason for many compounds being active
antioxidants in one assay and inactive in another assay
(Santos-Sanchez et al., 2019).

2.3.2. Enzyme inhibition evaluation
2.3.2.1. a-Amylase enzyme inhibition assay. o-Amylase is the
key enzyme to regulate blood glucose levels. By inhibiting this
enzyme, sugar levels can be monitored and maintained within
range in patients with diabetes. The inhibitory potential of the
newly synthesized compounds was evaluated at different con-
centrations (200, 66.66, 22.2, and 7.40 pg/mL) summarized in
Table 2.2.

The alpha-amylase enzyme is involved in the breakage of a-
1, 4 glycosidic linkages of long-chain carbohydrates to
oligosaccharides i.e., glucose, maltose and dextrin, which serve
as an energy source to the body (Gupta et al., 2003; Taha et al.,
2019). Alpha glucoside is involved in the breakdown of disac-
charides (Nacem et al., 2018). Other types of enzymes are also
involved in the breakdown of starch but o-amylase plays an
important role to start the amylolytic process
(Tangphatsornruang et al., 2005). Thus by inhibiting these
enzymes can prevent carbohydrates breakdown into disaccha-
rides and oligosaccharides which in turn helps to maintain the
blood glucose level or post-prandial hyperglycemia (Naeem
et al., 2018). Among the tested compounds, SP2 showed the

140 —
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80 —

60 -
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40 — 3872 3803
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maximum % enzyme inhibition of 94.02 + 0.2% at 200 pg/
mL. SP8 and SP12 showed enzyme inhibition of 94.27 + 0.
42% and 95.44 + 0.35%, respectively. The results of these
compounds are comparable to the standard (acarbose) i.e.,
87.89 £ 0.34%. The ICs, values were calculated using the
regression equation. SP2 and SP8 showed potent activity
against the a-amylase enzyme at ICsq of 9.20 £ 0.48 pg/mL
and 10.25 = 0.43 pg/mL, respectively higher than the acarbose
ie. 13.52 + 0.19 pg/mL. SP12 showed comparable results to
standard (acarbose) i.e., 13.81 + 0.90 pg/mL. The significant
inhibitory effects exhibited by SP8 having bromine atom was
due to the presence of an electronegative atom incorporated
into the heterocyclic pharmacophore, which enhanced their
biological activity. SP2, derivatized with morpholine amine
also showed significant activity due to the presence of ether
oxygen in morpholine, which draws electrons and making it
electronegative. The literature survey suggests that Mannich
bases derivatized with electronegative atoms or electron-
withdrawing groups tend to have good activity against the
alpha-amylase enzyme. Carbohydrazide Mannich bases substi-
tuted with electron-withdrawing groups showed maximum
inhibition of alpha-amylase enzyme (Taha et al., 2019). The
most potent activity of these compounds was might be due
to the substitution of the bromine atom at para positions to
the phenyl ring which resulted in maximum inhibition of this
enzyme (Noreen et al., 2017). In another research, it was found
out that derivatizing an indazole nucleus with an electronega-
tive atom increased the antidiabetic potential of resultant com-
pounds (Rafique et al., 2020).

2.3.3. Anti-microbial evaluation
2.3.3.1. Antibacterial assay. The antibacterial potential of
newly synthesized imidazoline N-Mannich bases was explored

Hl TAC
[ ITrP

L

AA SP1 SP2 SP3 SP4 SPS SP6 SP7 SP8 SP9 SP10 SP11 SP12 SP13

Fig. 2.6
mean of triplicate + standard deviation.

Graphical representation of TAC and TRP estimation of Library compounds (SP1-SP13). Values given are expressed as the
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Table 2.2 Dose-dependent inhibitory effect of synthetic compounds (SP1-SP13) at different concentrations and their 1Cs, values.

Serial # Compounds a-Amylase % enzyme inhibition at different Concentrations ICsp 'ng/mL
200 pg/mL 66.6 pg/mL 22.22 ng/mL 7.40 pg/mL

1 SP1 4247 + 0.24 32.33 £ 0.21 25.31 + 0.42 18.74 + 0.46 257.95 + 1.07
2 SP2 94.02 + 0.36 71.11 £ 0.31 55.78 + 0.33 4221 + 0.38 9.20 + 0.48

3 SP3 46.67 + 0.32 31.21 £ 0.22 24.44 + 0.23 17.67 + 0.32 218.06 + 1.52
4 SP4 4494 + 0.21 36.77 £ 0.24 2445 + 041 18.91 + 0.22 225.15 + 1.07
5 SP5 42.23 + 0.19 30.98 £+ 0.25 21.32 + 0.32 18.74 + 0.31 256.90 £+ 0.51
6 SP6 22.44 + 0.18 15.34 £ 0.19 9.87 + 0.19 6.76 + 0.21 553.64 + 0.70
7 SP7 29.04 £+ 0.17 20.98 + 0.21 11.56 + 0.28 4.54 + 0.17 370.78 + 0.34
8 SP8 94.27 + 0.42 72.22 £ 0.25 55.65 + 0.37 41.11 + 0.06 10.25 + 0.43
9 SP9 47.23 + 0.21 28.81 + 0.18 20.44 + 0.23 10.34 + 0.10 208.81 £+ 1.10
10 SP10 34.47 + 0.16 27.89 + 0.16 15.64 + 0.21 11.21 + 0.13 321.79 + 1.09
11 SP11 57.58 + 0.24 40.93 + 0.21 33.21 + 0.33 21.89 + 0.18 145.06 + 1.00
12 SP12 95.44 + 0.35 74.00 + 0.27 54.33 + 0.47 39.32 +£ 0.23 13.81 + 0.90
13 SP13 38.83 + 0.22 24.72 + 0.17 17.39 + 0.33 9.89 + 0.11 274.01 + 0.99
14 Blank 0 0 0 0 =

15 Acarbose 87.89 + 0.34 71.00 + 0.31 53.10 + 0.22 41.00 + 0.21 13.52 + 0.19

' ICs is the concentration of the synthetic compounds that are required to inhibit 50% of the o-amylase enzyme; values are described as
Mean + SD (standard deviation, n = 3).

against gram-positive and gram-negative bacterial strains.
Compounds that have shown significant inhibition (>50%)
were considered active and evaluated further to determine their
MIC value. The results of antibacterial activity and their MIC
values are summarized in Table 2.3.

The results showed that all synthetic compounds can inhibit
in vitro bacterial growth to some extent and their MIC value
ranges from 100 pg/mL to 11.11 pg/mL. None of the synthetic
compounds from the library showed any significant activity
against the B.subtilis strain. Compounds exhibited a good
antibacterial spectrum against S.aureus, K.pneumoniae, and

P.aeruginosa. Only SP6 exhibited a significant response to
gram-negative E.coli strain. SP1, SP6, SP8, and SP10 showed
significant antibacterial activity against S.aureus at a MIC
value of 33.33 pg/mL. SP3, SP5, SP6, SP8 showed better
results at MIC value of 33.33 pg/mL against K.pneumoniae
strain. SP2, SP3, SP10, and SP11 exhibited MIC value of
11.11 pg/mL against P.aeruginosa strain.

2.3.3.2. Antifungal assay. Imidazoline Mannich bases were
investigated against five fungal strains to evaluate their anti-
fungal activity. Clotrimazole was taken as a positive control.

Table 2.3 Antibacterial evaluation of the synthetic compounds of Library compounds (SP1-SP13) against gram-positive and gram-

negative bacteria and their MIC values.

Compds. % Inhibition against bacterial strain and minimum inhibitory concentration (MIC)*

Gram-positive Gram-negative

S.aureus  MIC B.subtilis MIC MIC K. pneumoniae  MIC P.aeruginosa  MIC

(ng/mL) (ng/mL)  E.coli (ng/mL) (ng/mL) (ng/mL)

SP1 57 £ 1.2 3333 14 +£06 - 3 +£14 - 59 + 1.00 100 79 £ 1.6 100
SP2 58 + 1.6 100 22 £ 09 - 2809 - 59 + 1.00 100 76 + 14 11.1
SP3 54 £ 1.5 100 28 + 0.7 - 21 £ 09 - 65 £ 1.5 33.33 8 + 1.8 11.1
SP4 48 £ 1.5 - 27 £ 09 - 24 +£09 - 59 + 1.00 100 38 + 0.9 =
SP5 67 £ 1.2 100 33 £ 1.00 - 46 £ 1.4 - 62 + 1.8 33.33 16 £+ 1.00 =
SPé6 69 £ 1.2 33.33 48 £ 15 - 74 £ 1.5 33.33 68 + 1.3 33.33 76 + 1.6 33.33
SP7 56 £ 1.8 100 32 +09 - 39+ 12 - 56 + 1.1 100 70 £ 1.5 33.33
SP8 64 £ 1.5 3333 15+09 - 3 £15 - 65 + 1.5 33.33 78 £ 1.8 33.33
SP9 48 £ 1.2 - 35+ 1.5 - 45 £ 1.1 - 60 £+ 1.2 100 70 £ 1.5 33.33
SP10 65 + 1.8 33.33 8 + 0.7 - 41 £ 1.1 — 58 + 1.00 100 75 £ 1.2 11.1
SP11 45 £ 1.5 - 15+14 - 29 £ 1.8 - 56 £ 1.2 100 79 £ 1.8 11.1
SP12 57 £ 1.5 100 23 £ 1.5 - 26 £ 1.1 - 67 £ 1.8 100 76 + 1.1 100
SP13 57 £ 19 100 39+ 1.5 - 39+ 14 - 61 £ 1.8 100 59 £ 1.1 100
Blank NA - NA - NA - NA - NA -
Cefixime 75 £ 1.7 3.70 88 + 2.82 3.70 70 = 1.45 11.1 76 £ 1.6 11.1 70 £ 143 11.1
Roxithromycin 78 + 1.6 11.1 92 + 245 3.0 70 £ 1.38 11.1 81 + 1.8 11.1 67 + 1.51 11.1

# Values are Mean + SD, n = 3. > 50% of bacterial inhibition was considered for MIC. NA- not applicable. (-) indicates not applied.
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The compounds having shown > 12 mm zone of inhibition
were selected for MIC (minimum inhibitory concentration).
The results of compounds in the antifungal assay are summa-
rized in Table 2.4.

SP1 exhibited good antifungal activity against F.solani
strain at MIC value of 10 pg/mL. SP8 exhibited response
against Mucor strain at MIC value of 9 pg/mL. SP3, SP4,
SP5, SP6, SP11, and SP12 exhibited moderate antifungal
activity against A.fumigatus. SP11, SP12, and SP13 showed
activity against A4.flavus strain. None of the compounds has
shown any antifungal activity against A.niger strain.

2.3.4. Screening of compounds for cytotoxic evaluation

2.3.4.1. Brine shrimp lethality assay. The newly synthesized N-
Mannich bases of the imidazoline moiety were evaluated to
check their cytotoxicity. Brine shrimp nauplii were used to
determine the cytotoxicity of the compounds. % Mortality
of brine shrimps has a direct correlationship with the anti-
cancer potential of compounds (ElI-Gohary and Shaaban,
2014). Artemia salina is reported to be similar to the mam-
malian type because of DNA-dependent RNA polymerase
(Birndorf et al., 1975). All the synthetic compounds were
tested against brine shrimp nauplii. Doxorubicin was used as
positive control and its response is monitored at 160, 80, 40,
and 20 pg/mL. The LDso data of the standard is also presented
in Fig. 2.7

The Mannich bases showed good to moderate cytotoxicity
against brine shrimp larvae. The compounds were tested at
concentrations of 400, 200, 100, and 50 pg/mL. The results
of the brine shrimp assay are presented in Table 2.5.

The most potent effect was exhibited by SP12 at LDs, of
56.84 pg/mL. SP1, SP3, SP13, and SP11 showed significant
activity at LDsq of 89.82, 100.94, 112.75, and 125.80 pg/mL,
respectively. All the other compounds did not show any signif-
icant response against larvae and are considered to be non-
cytotoxic.

The activity was concentration-dependent and the percent
mortality rate decreased with a decrease in sample concentra-

tion which is in agreement with previous cytotoxic studies
employing brine shrimp as a test subject (Khan et al., 2014).
SP1, having piperidine derivative showed better activity
against brine shrimp nauplii. Quaternary Mannich bases
derivatized with piperidine moiety are reported to have good
cytotoxicity against brine shrimps than the 5-fluorouracil
(Gul et al., 2003). The introduction of the methoxy group
greatly influences the anticancer activity of the compounds
(Otevrel et al., 2010; Tugrak et al., 2017). SP11 (p-anisidine)
and SP13 (acetaminophen) derivatives of heterocyclic scaffolds
possessed appreciable activity against brine shrimps.

2.34.2. % cell viability determination in macrophages. MTT
assay was performed to determine the % cell viability of the
synthetic compounds. Peritoneal macrophages were extracted
from rats in the laboratory. The isolated macrophages were
then treated with different concentrations of the compounds

120 4 EEm Doxorubicin (160 ug/mL)
80 pg//mL
100£2.13 @ 40ugml
100 = 20 ugmL
80+1.41 S D50 (ug'mL)
80 A §
60+1.38
60 -
40 A
20 A
0 N

Fig. 2.7 Doxorubicin % Mortality at different concentrations
and 1Cs, value.

Table 2.4 Antifungal activity of Library compounds (SP1-SP13) and their MIC values.

Compds. Zone of inhibition (mm) and minimum inhibitory concentration (MIC)"
A. fumigatus MIC F. solani MIC Mucor MIC A. flavus MIC A. niger MIC
(pg/mL) (pg/mL) (ng/mL) (ng/mL) (ng/mL)

SP1 NA = 13+£14 10 NA - NA = NA =

SP2 NA - NA - NA - NA - NA -

SP3 9 + 0.5 = 8 £ 0.5 - NA - NA = NA =

SP4 9 + 0.5 = 8 £ 0.5 - NA - NA - NA -

SP5 6 £ 0.5 - NA - NA - NA = NA =

SP6 8 + 1.00 - NA - NA - NA - NA -

SP7 NA = NA = NA = NA = NA =

SP8 NA - NA - 13£+£14 9 NA - NA -

SP9 NA = NA = NA = NA = NA =

SP10 NA - NA - NA - NA - NA -

SP11 7+0.5 - NA — NA - 8 £0.5 - NA —

SP12 9+ 0.5 - NA - NA - 8 £ 0.7 - NA -

SP13 NA = NA - 7+0.5 = 5+£05 - NA =
Blank NA - NA - NA - NA - NA -
Clotrimazole 19 + 0.49 7+031 20 +£043 6+ 028 16 £ 037 8 +£0.26 23 £ 029 8 + 0.25 28 + 1.44 2.44 + 091

% Values are Mean + SD, n = 3; >12 mm zone of inhibition was considered for MIC; NA- not applicable.; (-) indicates not applied
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Table 2.5 Brine shrimps lethality assay for the determination of cytotoxicity profile of Library compounds (SP1-SP13).

Compds. % Mortality (Concentrations: pg/mL) LDsg (ng/mL)
400 200 100 50
SP1 100 £ 0.70 80 + 2.12 60 £ 0.70 30 £ 1.21 89.82
SP2 30 + 1.43 20 + 1.34 10 + 0.70 5+ 1.23 667.00
SP3 90 + 1.41 70 £+ 0.70 55 £+ 145 35 + 1.87 100.94
SP4 30 + 2.1 20 £+ 2.1 15 + 1.21 10 = 1.21 757.70
SP5 40 + 1.11 30 £ 1.42 15 + 1.44 5+1.23 474.76
SP6 30 + 1.41 20 + 1.41 15 + 1.71 5 £+ 0.70 693.08
SP7 35 £ 0.907 15 + 0.70 10 + 0.70 5+ 1.23 587.96
SP8 95 + 143 60 £ 1.24 45 £ 1.23 35 £ 1.35 135.87
SP9 30 + 1.98 20 £ 1.22 10 + 1.22 5+ 121 667.00
SP10 20 + 1.91 15 + 1.91 10 £ 1.41 54+£0 1125
SP11 85 + 1.44 70 £ 1.22 45 + 0.98 35 £ 0.70 125.80
SP12 100 £+ 0.707 75 £ 141 65 £ 1.41 40 + 1.34 56.84
SP13 90 + 1.23 70 £ 1.21 50 + 0.67 35 £+ 1.41 112.75
DMSO 0 0 0 0 =

Values represented are the mean of triplicate = SD. DMSO was applied as a negative control.

i.e., 100, 50, 10, and 1 uM. Results are presented as % inhibi-
tion in cell viability in Table 2.6.

Results showed a differential cytotoxicity profile for each of
the compounds. All the compounds showed a dose-dependent
response to macrophages. The most potent activity was
observed for SP6 at 1Csq value of 15.45 pM more than the
standard i.e., 25.22 uM followed by SP13, SP12, SP7, SP3,
and SP8 at ICs, of 34.65, 34.96, 37.03, 40.63, and 46.32 uM,
respectively. The assay only helps to establish a positive corre-
lation between the cytotoxic nature of the compound and its
cell viability, but it is not solely considered to establish the
anti-cancer profile of the compounds (Wiji Prasetyaningrum
et al., 2018).

2.3.4.3. Cytotoxicity evaluation of synthetic library by MTT
assay against HepG2 cell lines. Hepatocellular carcinoma cell
lines (HepG?2) were selected to check the anticancer potential

of the synthetic compounds based on brine shrimp and cell via-
bility test results. Three compounds were selected from the
thirteen synthesized compounds. SP1, SP3, SP11, SP12, and
SP13 showed significant activity against brine shrimp larvae
at least LDs, value. SP3, SP6, SP7, SP8, SP12, and SP13
exhibited significant response against macrophages in % cell
viability assay and showed the least ICsy values. From the
above findings, it was concluded that SP3, SP12, and SP13
exhibited significant and potent response against both assays.
All the other compounds either showed good response in brine
shrimp assay or MTT assay and vice versa.

Compounds were screened for cytotoxicity HepG2 cells at
50, 25, 12.5, and 6.25 uM concentrations for 24, 48, and
72 h and analyzed by MTT assay. It was observed that all com-
pounds significantly reduced the viability of HepG2 cells
except the parent nucleus (2-phenyl-2-imidazoline i.e., 2-PI).
All the compounds demonstrated a time-dependent increase

Table 2.6 Cytotoxicity evaluation of synthetic library compounds (SP1-SP13) against raw macrophages at different concentrations

and their 1Cs, values.

Synthetic Library % Inhibition in cell viability at different concentrations of synthetic compounds ICso (uM)
100 pM 50 pM 10 pM 1 uM

SP1 24 + 0.05 18 + 0.03 7 + 0.04 2 + 0.01 213.11
SP2 22 + 0.12 15 £+ 0.005 7 + 0.11 2 £+ 0.09 241.61
SP3 62 + 0.01 53 + 0.01 43 + 0.01 28 + 0.03 40.63
SP4 32 £ 0.01 18 £ 0.04 12 £ 0.03 8 + 0.06 183.93
SP5 44 £ 0.03 25 + 0.02 14 £ 0.01 6 + 0.08 119.96
SP6 75 + 0.08 61 + 0.07 48 £ 0.05 33 £ 0.02 15.45
SP7 75 + 0.01 57 + 0.02 38 + 0.01 21 + 0.04 37.03
SP8 64 + 0.03 54 + 0.01 38 + 0.06 24 £+ 0.04 46.32
SP9 60 + 0.08 48 £ 0.04 23 + 0.02 13 + 0.04 69.00
SP10 33 £ 0.03 25 £ 0.04 14 £ 0.07 3 £ 0.04 177.74
SP11 46 £ 0.08 32 + 0.08 24 + 0.06 7 + 0.04 118.40
SP12 66 = 1.2 55 £ 091 43 + 0.08 26 + 0.07 34.96
SP13 77 + 0.61 53 + 0.32 42 £+ 0.22 22 + 0.31 34.65
1% DMSO in PBS 0 0 0 0 =
Standard (Doxorubicin) 82.21 £+ 0.27 64.00 = 0.32 45.10 + 0.26 36.12 + 0.43 25.22

! values are expressed as mean + SD (standard deviation, n = 3).
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in the cytotoxic response of compounds where the maximum
effect was detected after 72 h treatment.

All of these compounds were greater than 50% cytotoxic
against aggressive HepG?2 cells after 24 h treatment (Table 2.7).
SP3 was a more effective cytotoxic agent as compared with
other compounds. The ICs, values for SP3, SP12, and SP13
were 14.66, 43.10, and 35.55 pM, respectively. The cytotoxicity
was not much different at 48 and 72 h with some exceptions as
shown in Table 2.8 and 2.9. Overall cytotoxicity ranged
between 50 and 94% for these compounds.

Compounds exhibited the following ICsy profile against
HepG2 cells: SP3 demonstrated ICsy values of 14.66, 12.25,
and 3.64 M at 24, 48, and 72 h, respectively. There was a
gradual reduction of 1Csy values with respect to the duration
of exposure of cells to treatment. Similarly, SP12 demon-
strated ICsq values of 43.10, 8.50, and 1.17 pM at 24, 48,
and 72 h, respectively. ICsy values of 35.55, 20.21, and
6.91 uM were observed for SP13 at 24, 48, and 72 h, respec-
tively. The results of cytotoxicity is plotted in the Figure below
(Fig. 2.8).

2.3.5. Anti-inflammatory evaluation

2.3.5.1. Nitric oxide scavenging assay. To screen out the poten-
tial anti-inflammatory compounds from the newly synthesized
imidazoline derivatives, in vitro nitric oxide (NO) scavenging
assay was used. Griess reagent method is used to determine
the nitrite level in the conditioned medium of LPS
(lipopolysaccharide). Sodium nitrite was used as a standard
and from the standard curve nitrite concentration was calcu-
lated by using the regression equation in Fig. 2.9 (Farooq
et al., 2020).

The synthetic compounds were analyzed at 100, 50, 10, and
1 puM concentrations. The compounds showed a
concentration-dependent response in terms of inhibition of
NO production. The results of the assay are summarized in
Table 2.10.

From the results summarized in Table 2.10, it was cleared
that all the synthetic compounds exhibited good to moderate
activity in scavenging nitric oxide in vitro. SP3, SP12, and
SP13 showed maximum inhibition of nitric oxide in a
concentration-dependent manner. The results of all these com-

Table 2.7 % cytotoxic evaluation of synthetic compounds at different micromolar concentrations against HepG2 cells lines at 24 h.
No Compounds % Cytotoxicity '

50 25 12.5 6.25 ICso
1 SP3 71.80 £ 0.04 69.70 + 0.06 51.30 £ 0.03 33.60 + 0.06 14.66
2 SP12 52.30 £ 0.01 41.90 + 0.05 32.20 £ 0.05 17.70 + 0.04 43.10
3 SP13 66.60 = 0.04 35.80 £ 0.03 27.60 + 0.03 16.60 + 0.03 35.55
4 2-PI 47 £ 0.04 43 £ 0.01 38 + 0.02 27 £ 0.02 52.46
5 1% DMSO in PBS 0 0 0 0 =

! data is presented as the standard error of the mean (SEM), n =

3

Table 2.8 % cytotoxic evaluation of synthetic compounds at different micromolar concentrations against HepG2 cell lines at 48 h.
No. Compounds % Cytotoxicity '

50 25 12.5 6.25 1Cs
1 SP3 85.50 = 0.04 70.50 £ 0.04 52.60 = 0.05 37.60 £ 0.03 12.25
2 SP12 84.40 £+ 0.03 70.50 £+ 0.06 58.32 + 0.04 41 + 0.01 8.50
3 SP13 78 + 0.01 53.11 + 0.03 45 £ 0.02 36 = 0.03 20.21
4 2-P1 73.40 £ 0.02 56.70 £ 0.02 50.20 = 0.01 38.60 £ 0.06 17.01
5 1% DMSO in PBS 0 0 0 0 =

! data is presented as the standard error of the mean (SEM), n = 3.

Table 2.9 % cytotoxic evaluation of synthetic compounds at different micromolar concentrations against HepG2 cell lines at 72 h.
No Compounds % Cytotoxicity '

50 25 12.5 6.25 ICsg
1 SP3 90.80 £ 0.04 76.90 £ 0.04 55.60 + 0.03 50.80 = 0.04 3.064
2 SP12 93.40 + 0.05 76.00 £ 0.06 61 £+ 0.04 52 4+ 0.03 1.17
3 SP13 94.50 £ 0.02 72 + 0.03 58 + 0.06 46 + 0.03 6.91
4 2-P1 80.60 = 0.02 65.60 £ 0.03 54.70 + 0.03 43.60 £+ 0.02 9.49
5 1% DMSO in PBS 0 0 0 0 -

! data is presented as the standard error of the mean (SEM), n =

3
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Fig. 2.8 A 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) spectrophotometric assay of compounds (SP3, SP12,
SP13, 2-PI) at 50, 25, 12.5 and 6.25 uM concentration in Hep-G2 cells. Data are reported as mean = SEM of each compound tested in

triplicate.
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Fig. 2.9 NaNO, standard curve used to calculate NO
concentration.

pounds were compared to standard i.e. piroxicam. SP5, SP7,
SP8, and SP9 also exhibited good response in scavenging the
NO radical. It could be speculated from the results of the
NO assay that these compounds have the potential to manage
and treat inflammatory disorders. N-Mannich bases were fur-
ther evaluated to determine theirs in vivo anti-inflammatory
response.

2.3.5.2. In-vivo anti-inflammatory assay. Nitric oxide scaveng-
ing assay facilitated in screening out of compounds for
in vivo anti-inflammatory study. Out of 13 synthesized N-
Mannich bases, three were selected for in vivo study based
on their significant % inhibition in NO production. These
three Mannich bases were also reported to have significant

cytotoxic potential. SP3, SP12, and SP13 were selected for
in vivo study.

A dose optimization study was conducted to select the dose
for performing the assay. 0.1, 1, and 10 mg/kg dose were
chosen against 10 mg/kg dose of standard (acetylsalicylic acid).
The compounds showed a marked decrease in paw thickness at
10 mg/kg (Fig. 2.10). From Fig. 2.10, it was confirmed that at
0.1 and 1 mg/kg dose, compounds did not show any marked
reduction in paw edema.

Subcutaneous injection of carrageenan into the right-hand
paw of mice resulted in acute inflammation of the paw. Com-
pounds at a concentration of 10 mg/kg showed anti-
inflammatory activity by inhibiting the acute phase of inflam-
mation (Kuropakornpong et al., 2020). SP12 and SP13 exhib-
ited significant inhibitory effects at 4th and 6th h. It could be
speculated that the inhibitory mechanism of action may be
due to inhibition of nitric oxide production (NO). NO is a
key mediator of inflammation. It acts by stimulating prosta-
glandins that result in the production of proinflammatory
mediators (Chhetri et al., 2020) that released after 1 h after car-
rageenan administration (Kuropakornpong et al., 2020).
Derivatization of acetaminophen with imidazoline nucleus in
SP13 could be a reason for the enhanced effect of SP13 in inhi-
bition of paw edema. Acetaminophen is reported to have anti-
inflammatory potential by inhibiting iNOS gene expression
(Ryu et al., 2000). The results are summarized in Table 2.11.

SP3, having pyrrolidine showed better activity in the anti-
inflammatory assay. The acute anti-inflammatory response of
pyrrolidine in paw edema assay is further supported from
the literatute. Pyrrolidine dithiocarbamate (PDTC) was tested
on animal models to determine its response in acute and
chronic inflammation. It was concluded that PDTC has the
potential to attenuate the development of acue and chronic
inflammation (Cuzzocrea et al., 2002).
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Table 2.10 % Nitric oxide (NO) production of synthesized compounds (SP1-SP13) at different concentrations.
Compounds % NO (Nitric oxide) production at different concentrations (LM)

(Mean + SEM) '

100 M 50 uM 10 uM 1 tM
SP1 35.23 £ 0.09 40.96 £+ 0.11 44.0.22 £+ 0.09 50.66 = 0.09
SP2 34.83 + 0.07 38.40 + 0.11 40.22 £ 0.09 58.26 + 0.16
SP3 2042 £ 0.8 35.85 £ 0.15 37.65 = 0.23 39.67 + 0.13
SP4 50.52 + 0.06 67.80 £ 0.04 87.19 £ 0.12 93.74 £ 0.43
SP5 27.34 + 0.03 3231 + 0.04 40.96 + 0.07 42.86 + 0.05
SP6 31.65 = 0.03 33.55 £ 0.01 50.58 + 0.04 55.62 + 0.03
SP7 29.04 + 0.05 32.19 + 0.04 38.26 + 0.06 41.33 £ 0.07
SP8 31.11 + 0.06 32.93 £ 0.06 35.79 + 0.09 40.67 + 0.08
SP9 24.16 £+ 0.04 32.19 + 0.08 35.54 £ 0.06 43.83 + 0.08
SP10 26.23 £+ 0.04 30.69 + 0.03 4734 £ 0.11 51.82 £ 0.12
SP11 49.10 £+ 0.08 55.31 £ 0.12 58.94 £ 0.14 65.43 £ 0.03
SP12 29.52 £ 0.05 35.23 £ 0.12 35.71 £ 0.10 36.76 + 0.04
SP13 15.37 £ 0.01 18.85 + 0.05 23.91 + 0.03 28.87 + 0.02
Negative (LPS) 100 100 100 100
Piroxicam 17.32 £ 0.01 19.43 + 0.02 23.11 £ 0.02 28.39 £ 0.01

! data is presented as the standard error of the mean (SEM), n = 3.

[ Vehicle

I Camrageenan
B ASA (10 mgkg)
SP3 (0.1 mgkg)
[ZZ3 SP3 (1 mgke)
E=AA SP3 (10 mg/kg)
EEER SP12 (0.1 mgke)
SP12 (1 mg/kg)
I SP12 (10 mgkg)
E=3 SP13 (0.1 mgkg)
SP13 (1 mgkg)
B SP13 (10 mgkg)

Paw thickness (mm)

SO SH*

Carrageenan (100 uL/paw)

Fig. 2.10  Dose-optimization study of the compounds at 0.1, 1,
and 10 mg/kg i.p. carrageenan-induced acuteinflammatory model
in mice (n 5). The data are described as Mean + SEM
(standard error of the mean), */**/*** indicates p < 0.05,
p < 0.01 and p < 0.001, respectively. ### indicates a significant
difference from the carrageenan treated group.

2.4. Structure-activity relationship (SAR)

(1) The 2-phenyl-2-imidazoline nucleus is essential for bio-
logical activity.

(2) The methylene bridge is necessary for biological activity.

(3) Position, type and nature of functional moiety plays a
crucial role in defining the biological activity.

(4) The hybridization of diphenylamine moiety into the 2-
phenyl-2-imidazoline results in a decrease in
lipophilicity.

(5) The methoxy group attached to the phenyl ring is neces-
sary for antioxidant activity.

(6) Methyl piperazine moiety results in a decrease in antiox-
idant activity.

(7) Electron-withdrawing groups i.e. ether oxygen in mor-
pholine and bromine atom are important for enzyme
inhibition activity. Electron-donating groups tend to
have a decrease in activity against the alpha-amylase
enzyme.

(8) Incorporation of F, Br and CH; groups to the aromatic
ring results in an increase in activity against the amylase
enzyme.

(9) Conjugation of pyrrolidine, diethylamine and acetami-
nophen with the imidazoline scaffold results in an
increase in cytotoxicity and important for activity
against inflammation.

(10) Halogen substitution tends to have influenced the anti-
cancer potential of the tested compounds.

3. Materials and methodology

Unless otherwise noted, all commercially available compounds
and solvents were used without further purification. Solvents
for column chromatography were distilled before use. Analyt-
ical thin-layer chromatography (TLC) was performed with
aluminum sheets, silica gel 60-F,s4 (Merck), and the products
were visualized with UV irradiation (254 nm). Gallenkamp
melting point apparatus (Sigma-Aldrich, Germany) was used
to determine the melting points with open capillaries and are
uncorrected. FTIR (PerkinElmer, Germany) was recorded by
the KBr pellets method by the PerkinElmer spectrum using
the attenuated total reflectance (ATR). Nuclear magnetic res-
onance (NMR) spectra were recorded on an Agilent VNMR
400 ("H NMR: 400 MHz, '*C NMR: 101 MHz) or an Agilent
VNMR 600 ("H NMR: 600 MHz, 1*C NMR: 151 MHz) spec-
trometer. The chemical shifts are given in parts per million
(ppm) relative to the residual solvent peak of the non-
deuterated solvent (CDCly: '"H NMR: 6 7.26 ppm; ’C
NMR: § = 77.00 ppm; DMSO d,: '"H NMR: § = 2.50 ppm; *-
C NMR: 6 = 39.52 ppm). The multiplicity was reported with
the following abbreviations: s singlet, d doublet,
t = triplet, m multiplet, p = pentet, br = broad signal,
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Table 2.11 Effect of acute treatment of synthetic compounds on carrageenan-induced paw inflammation.

Serial No. Compounds Time after carrageenan injection '

0h 2h 4h 6 h
Paw edema

1 Vehicle 2.04 £ 0.07 2.05 £ 0.06 2.07 £ 0.04 2.10 + 0.02

2 Carrageenan (100 pL/paw) 2.11 + 0.07 2.57 + 0.08%## 275 + 0.07%## 2.86 £ 0.05%##
3 Acetylsalicylic acid (10 mg/kg) 2.08 + 0.08 2.19 + 0.05™" 226 + 0.04™ 231 + 0.02""
4 SP3 (10 mg/kg) 2.06 + 0.01 224 + 0.03™" 231 +0.047 248 + 0.06™"
5 SP12 (10 mg/kg) 2.06 + 0.01 233 + 0.03™" 2.52 + 0.05™ 272 + 0.077"
6 SP13 (10 mg/kg) 2.05 + 0.03 236 + 0.06™" 248 + 0.04™" 2.59 + 0.06™"

! Readings were measured every 2 h post carrageenan administration from 0 to 6 h. All values are expressed as Mean + SEM (standard error

of the mean, n = 5). ###

dd = doublet of doublet, dt = doublet of triplet, ddt = doublet
of doublet of triplet, td = triplet of doublet, tp = triplet of
pentet, tdd = triplet of doublet of doublet, and coupling con-
stants were given in Hertz (Hz). Mass spectra were recorded on
a Finnigan SSQ 7000 spectrometer and the resulting signals are
given according to their m/z values. The PE 2400 Series II
CHNS/O Analyzer was used to determine the content of car-
bon, hydrogen, and nitrogen in organic materials.

3.1. General procedure for the synthesis of N-Mannich bases
(SP1-SP13) and their physiochemical and characterization
parameters

3.1.1. Procedure for the synthesis of compounds (SPI, SP2,
SP3, SP10, and SP11)

In a pressure tube equipped with a magnetic stirrer, 2-phenyl-
2-imidazoline P (1.0 equiv, 0.5 mmol), 37% formalin solution
S (2.0 equiv, 1 mmol), and secondary amines (1.0 equiv,
0.5 mmol) were taken and 5 mL of ethanol was added into
the pressure tube and the mixture was heated at 80 °C for
24 h. The reaction progress and the completion of the reaction
was initially monitored with the TLC system (EtOAc: Pentane:
Triethylamine in 3:2:0.5 ratio) and later on with NMR. The
reaction was cooled at room temperature and the product
was isolated and purified by flash column chromatography
(FCC) by using EtOAc: Pentane: Triethylamine in 3:2:0.5
ratios. The compounds synthesis and their structures along
with their yield were described in Fig. 3.1.

3.1.1.1. 1-((2-Phenyl-4, 5-dihydro-1H-imidazol-1-yl) methyl)
piperidine (SPI1). Brown powder; Yield 79%; m.p. 201—
206 °C; Ry = 0.78; IR (ATR) v,qx 3850, 3434, 3095, 2524,
2107, 1907, 1610, 1459, 1364, 1202, 1080, 86 cm™'; '"H NMR
(400 MHz, CDCl3) & ppm 7.57 — 7.54 (m, 1H), 7.45 — 7.35
(m, 4H), 3.90 (t, J = 10.0 Hz, 2H), 3.77 (s, 2H), 3.64 (s,
2H), 2.36 — 2.34 (m, 4H), 1.54 (s, 4H), 1.43 (s, 2H); ’C
NMR (101 MHz, CDCly) & ppm 164.71, 130.46, 129.61,
128.47, 126.96, 64.21, 53.42, 53.08, 50.91, 25.94, 24.23; EIMS
mjz 243.17 (MT); Anal. (C;sHyN3): C 74.03, H 8.70, N
17.27, Caled. C 74.06, H 8.73, N 17.23.

3.1.1.2. 4-((2-Phenyl-4, 5-dihydro-1H-imidazol-1-yl) methyl)
morpholine (SP2). White shiny powder; Yield 81%; m.p. 204—
212 °C; Ry = 0.81 ; IR (ATR) v, 3856, 3433, 3096, 2682,

indicates a significant difference from the carrageenan-induced group, *** indicates p < 0.001.

2103, 2001, 1812, 1721, 1610, 1364, 1201, 1001, 951 849 cm™';'-
H NMR (400 MHz, CDCl3) 8 ppm 7.54 (dd, J = 7.5, 2.0 Hz,
2H), 7.45 — 7.34 (m, 3H), 3.91 (t, J = 9.9 Hz, 2H), 3.69 (dd,
J = 48, 2.1 Hz, 6H), 3.62 — 3.55 (m, 2H), 2.42 — 2.39 (m,
4H); '*C NMR (101 MHz, CDCl3) & ppm 166.76, 129.81,
128.39, 128.32, 67.00, 66.83, 53.43, 51.99, 50.82; EIMS m/z
24533 (M™"); Anal. (C14HoN;0): C 68.54, H 7.81, N 17.13,
Calcd. C 68.55, H 7.82, N 17.11.

3.1.1.3.  2-Phenyl-1-(pyrrolidin-1-ylmethyl)-4, 5-dihydro-1H-
imidazole (SP3). Yellow paste; Yield 76%; m.p. 177-180 °C;
Ry = 0.83 ; IR (ATR) v,y 3312, 2968, 2095, 1908, 1814,
1613, 1545, 1366, 1286, 1165, 1035, 951, 851 cm™';'H NMR
(400 MHz, CDCl3) 8 ppm 7.62 — 7.59 (m, 2H), 7.53 — 7.49
(m, 1H), 7.45 — 7.41 (m, 2H), 5.82 (t, J = 7.0 Hz, 2H), 4.43
(s, 2H), 3.72 (t, J = 7.0 Hz, 2H), 2.63 — 2.57 (m, 4H), 1.86 —
1.78 (m, 4H); *C NMR (101 MHz, CDCl3) & ppm 164.71,
130.72, 130.26, 128.47, 126.99, 60.39, 21.05, 14.20; EIMS m/z
229.15 (M"); Anald. (C14HoN3): C 73.32, H 8.35, N 18.32,
Calcd. C 73.33, H 8.33, N 18.35.

3.1.1.4. N-Phenyl-N-( (2-phenyl-4, 5-dihydro-1H-imidazol-1-yl)
methyl) acetamide (SPI10). Yellow crystals; Yield 77%; m.p.
270-285 °C; Ry = 0.91; IR (ATR) v, 3434, 3097, 2896,
2573, 2425, 1604, 1495, 1283, 1283, 1033, 952, cm™'; 'H
NMR (400 MHz, CDCl3) 8 ppm 7.56 — 7.48 (m, 4H), 7.42
(s, 1H), 7.39 — 7.21 (m, 6H), 7.09 — 7.05 (m, 1H), 4.61 (s,
2H), 3.63 (dgq, J = 21.4, 7.1 Hz, 2H), 2.07 (s, 3H); *C
NMR (101 MHz, CDCly) 6 ppm 169.08, 165.21, 138.30,
130.24, 129.69, 128.81, 128.30, 124.04, 120.02, 77.43, 77.11,
76.79, 57.99, 52.74, 52.59, 24.19; EIMS m/z 293.37 (M");
Anal. (C;gH;9N3;0): C 73.69, H 6.53, N 14.32, Caled. C
73.70, H 6.51, N 14.21.

3.1.1.5. 4-Methoxy-N-( (2-phenyl-4, 5-dihydro-1H-imidazol-1-
vl) methyl) aniline (SP11). Black paste; Yield 85%; m.p. 281—
287 °C; Ry = 0.91; IR (ATR) v,y 3435, 3099, 2955, 2832,
1616, 1507, 1448, 1366, 1285, 1237, 1030, 941, 912 cm™'; 'H
NMR (600 MHz, CDCl;) & ppm 7.66 — 7.64 (m, 2H), 7.53 —
7.49 (m, 1H), 7.45 — 7.41 (m, 2H), 6.72 — 6.70 (m, 2H), 6.61
—6.59 (m, 2H), 5.82 (t, J = 7.0 Hz, 2H), 5.13 (s, 2H), 4.35
(s, 1H), 3.80 (s, 3H), 3.72 (t, J = 7.0 Hz, 2H); *C NMR
(151 MHz, CDCl3) & ppm 153.09, 152.83, 140.80, 130.13,
129.88, 128.35, 127.05, 114.88, 114.71, 55.61, 55.54, 52.86,
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Fig. 3.1
obtained after product purification.

50.03; EIMS m/z 281.15 (M *); Anal. (C;,H,oN;0): C 72.57, H
6.81, N 14.94, Caled. C 72.56, H 6.81, N 14.93.

3.1.2. Procedure for the synthesis of compounds (SP4, SP6,
SP7, SP8, SP9, and SP12)

In a pressure tube equipped with a magnetic stirrer, 2-phenyl-
2-imidazoline P (1.0 equiv, 0.5 mmol), 37% formalin solution
S (2.0 equiv, 1 mmol), and secondary amines (1.0 equiv,
0.5 mmol) were taken and 5 mL of ethanol was added into
the pressure tube and the mixture was heated at 80 °C for
8 h. The reaction progress and the completion of the reaction

Synthesis of compounds SP1-SP13. Reaction conditions: P (1.0 equiv), S (2.0 equiv), 1-13 (1.0 equiv); SmL solvent. Yields

was initially monitored with the TLC system (EtOAc: Pentane:
Triethylamine in 3:2:0.5 ratio) and later on with NMR. The
reaction was cooled at room temperature and the product
was isolated and purified by flash column chromatography
(FCC) by using EtOAc: Pentane: Triethylamine in 3:2:0.5
ratios (Fig. 3.1).

3.1.2.1. N-((2-Phenyl-4, 5-dihydro-1H-imidazol-1-yl) methyl)-
N-propylpropan-1-amine (SP4). Yellow powder; Yield 78%;
m.p. 191-196 °C; Ry = 0.81; IR (ATR) v,,. 3430, 3097,
2970, 2107, 1614, 1494, 1365, 1286, 1035, 1002, 951 cm™';'H
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NMR (400 MHz, CDCl3) & ppm 7.47 — 7.44 (m, 2H), 7.36 —
7.28 (m, 3H), 4.08 (s, 2H), 3.82 (t, J = 10.0 Hz, 2H), 3.73
(s, 2H), 2.35 — 2.30 (m, 4H), 1.42 — 1.29 (m, 4H), 0.80 — 0.76
(m, 6H); "*C NMR (101 MHz, CDCl;) & ppm 166.95,
130.50, 129.55, 128.36, 128.19, 77.38, 77.07, 76.75, 63.16,
57.72, 53.42, 51.93, 20.29, 11.77; EIMS m/z 259.40 (M™");
Anal. (C14H,sN3): C 74.09, H 9.71, N 16.20, Calcd. C 74.10,
H 9.71, N 16.23.

3.1.2.2. 1-((2-Phenyl-4, 5-dihydro-1H-imidazol-1-yl) methyl)
piperazine (SP6). White powder; Yield 80%; m.p. 260-265 °C;
Ry = 0.73 ; IR (ATR) v,,,. 3392, 2937, 2795, 2322, 2159, 1635,
1546, 1346, 1282, 1164, 1010, 830, 919 cm~'; 'H NMR
(400 MHz, CDCl;) & ppm 7.48 (ddd, J = 9.3, 5.7, 2.0 Hz,
2H), 7.36 — 7.33 (m, 1H), 7.31 (s, 2H), 3.99 (d, J = 3.9 Hz,
2H), 3.62 — 3.40 (m, 6H), 2.44 (s, 1H), 2.38 (t, / = 5.0 Hz,
2H), 1.16 — 1.09 (m, 4H); '3C NMR (101 MHz, CDCl;) &
ppm 166.84, 130.65, 129.78, 128.45, 127.01, 63.22, 58.01,
53.37, 51.31, 49.15; EIMS m/z 24425 (M"); Anal
(Ci14HooNy): C 68.82, H 8.25, N 22.93, Calcd. C 68.82, H
8.26, N 22.91.

3.1.2.3. N-Phenyl-N-((2-phenyl-4, 5-dihydro-1H-imidazol-1-yl)
methyl) aniline (SP7). Yellow powder; Yield 83%; m.p. 280—
286 °C; Ry = 0.88; IR (ATR) v, 3434, 3312, 2966, 2681,
2103, 1915, 1606, 1495, 1367, 1277, 1034, 944, 785 cm™"; 'H
NMR (400 MHz, CDCl3) & ppm 7.34 — 7.20 (m, 4H), 7.17
(ddd, J = 8.6, 7.3, 2.2 Hz, SH), 7.03 — 6.89 (m, 6H), 6.85 —
6.81 (m, 2H), 4.48 (s, 2H), 3.72 — 3.63 (m, 2H); '*C NMR
(101 MHz, CDCl;) 6 ppm 143.20, 130.20, 130.09, 129.33,
128.40, 128.36, 120.93, 117.80, 58.09, 52.87, 52.73; EIMS m/z
327.17 M ™); Anal. (C,,H,N3): C 80.70, H 6.46, N 12.83.
Calcd. C 80.71, H 6.47, N 12.83.

3.1.2.4. 4-Bromo-N-( (2-phenyl-4, 5-dihydro-1H-imidazol-1-yl)
methyl) aniline (SPS8). Light yellow powder; Yield 84%; m.p.
300-307 °C; Ry = 0.89; IR (ATR) v,,,0x 3432, 3098, 2960, 2681,
2313, 2111, 1750, 1609, 1491, 1382, 1272, 1081, 1003,
872 cm™'; 'TH NMR (600 MHz, CDCl;) § ppm 7.65 — 7.62
(m, 2H), 7.53 — 7.49 (m, 1H), 7.45 — 7.41 (m, 2H), 7.19 —
7.17 (m, 2H), 6.54 — 6.52 (m, 2H), 5.82 (t, J = 7.0 Hz, 2H),
5.13 (s, 2H), 4.65 (s, 1H), 3.72 (t, J = 7.0 Hz, 2H); 1°C
NMR (151 MHz, CDCly) 8 ppm 165.02, 145.34, 131.74,
130.31, 130.10, 128.84, 127.02, 116.72, 110.16, 54.67, 52.92,
48.92; EIMS m/z 330.23 (M "); Anal. (C;¢H¢BrN3): C 58.19,
H 4.88, N 12.72, Calcd. C 58.21, H 4.88, N 12.71.

3.1.2.5. 3-Chloro-N-( (2-phenyl-4, 5-dihydro-1H-imidazol-1-yl)
methyl) aniline (SP9). Yellow powder; Yield 77%; m.p. 272—
279 °C; Ry = 0.79; IR (ATR) v,,,4 3317, 2107, 1891, 1602,
1497, 1244, 1035, 984, 824 cm™'; '"H NMR (400 MHz, CDCl5)
S ppm 7.77 (dt, J = 7.0, 1.5 Hz, 1H), 7.55 — 7.40 (m, 3H), 7.12
—7.03 (m, 2H), 6.77 — 6.72 (m, 2H), 6.68 — 6.51(m, 3H), 4.74 (s,
1H), 3.76 (s, 2H), 3.24 (s, 2H); '*C NMR (101 MHz, CDCl5) &
ppm 165.05, 147.71, 134.82, 130.58, 130.23, 130.13, 128.78,
127.03, 115.38, 114.93, 113.55, 54.21, 52.93, 50.07; EIMS m/z
285.78 (M™); Anal. (C;¢H sCINz): C 67.25, H 5.64, N 14.70,
Caled. C 67.23, H 5.64, N 14.70.

3.1.2.6. N-ethyl-N-((2-phenyl-4, 5-dihydro-1H-imidazol-1-yl)
methyl) ethanamine (SP12). White paste; Yield 76%; m.p.
163-169 °C; Ry = 0.82; IR (ATR) 0,4 3314, 2973, 2109,

1908, 1815, 1615, 1494, 1452, 1366, 1286, 1036, 951 cm™';
'"H NMR (600 MHz, CDCl;) & ppm 7.62 — 7.59 (m, 2H),
753 — 749 (m, 1H), 745 — 741 (m, 2H), 582 (t,
J = 7.0 Hz, 2H), 4.43 (s, 2H), 3.72 (t, J = 7.0 Hz, 2H), 2.53
(q, J = 6.3 Hz, 4H), 1.05 (t, J = 6.3 Hz, 6H); '*C NMR
(151 MHz, CDCl3) & ppm 164.70, 130.60, 128.43, 128.38,
126.95, 58.17, 53.45, 50.16, 44.30, 11.81; EIMS m/z 231.17
(M™); Anal. (C4H»,N3): C 72.69, H 9.15, N 18.16, Calcd. C
72.68, H 9.15, N 18.17.

3.1.3. Procedure for the synthesis of compound SP5

In a pressure glass tube equipped with a magnetic stirrer, N-
methyl piperazine (1.0 equiv, 0.5 mmol), formaldehyde S (2.0
equiv, 1 mmol), and 2-phenyl-2-imidazoline P (1.0 equiv,
0.5 mmol) were taken and 5 mL of methanol was added into
the pressure tube and the mixture was heated at 80 °C
for ~ 8 h with constant stirring. 5 mol % HCI was added as a
catalyst. The reaction progress and completion were monitored
with the TLC system (Ethyl acetate: Pentane: Triethylamine in
3:2: 0.5 ratios). The reaction was cooled at room temperature
and neutralized with NaHCO; solution and extracted with
ethyl acetate (3 x 10 mL). The organic layer was dried over
MgSO, and evaporated at reduced pressure. The product was
purified by flash column chromatography (FCC) by using ethyl
acetate: pentane: TEA in 3: 2: 0.5 ratios (Fig. 3.1).

3.1.3.1. 1-Methyl-4-( (2-phenyl-4, 5-dihydro-1H-imidazol-1-yl)
methyl) piperazine (SP5). White powder; Yield 83%; m.p.
226-233 °C; Ry = 0.86; IR (ATR) 0,4, 3435, 3096, 2959,
2681, 2101, 1621, 1546, 1367, 1286, 1080, 1035, 854 cm™'; 'H
NMR (600 MHz, CDCl;) 8 ppm 7.62 — 7.59 (m, 2H), 7.53 —
7.49 (m, 1H), 7.45 — 7.41 (m, 2H), 5.82 (t, J = 7.0 Hz, 2H),
443 (s, 2H), 3.72 (t, J = 7.0 Hz, 2H), 2.51 — 2.47 (m, 8H),
224 (s, 3H); *C NMR (151 MHz, CDCl;) & ppm165.23,
131.57, 129.63, 128.79, 128.61, 69.48, 54.83, 54.44, 52.68,
50.78, 45.62; EIMS mj/z 258.18 (M™); Anal. (C;sH,,N,): C
69.73, H 8.58, N 21.69, Calcd. C 69.71, H 8.57, N 21.68.

3.1.4. Procedure for the synthesis of compound SP13

In a pressure glass tube equipped with a magnetic stirrer, acet-
aminophen (1.0 equiv, 0.5 mmol), formaldehyde S (2.0 equiv,
1 mmol), and 2-phenyl-2-imidazoline P (1.0 equiv, 0.5 mmol)
were taken and 5 mL of methanol was added into the pressure
tube and the mixture was run at 0 °C for ~ 10 h with constant
stirring. The reaction progress and completion were monitored
with the TLC system (Ethyl acetate: Pentane: Triethylamine in
3: 2: 0.5 ratios). The product was purified by flash column
chromatography (FCC) by using ethyl acetate: pentane: TEA
in 3: 2: 0.5 ratios (Fig. 3.1).

3.1.4.1. N-(4-hydroxyphenyl)-N-( (2-phenyl-4, 5-dihydro-1H-
imidazol-1-yl) methyl) acetamide (SPI13). Maroonish paste;
Yield 87%; m.p. 301-309 °C; Ry = 0.89; IR (ATR) v,,,. 3099,
2971, 2105, 1716, 1611, 1507, 1451, 1366, 1168, 1037, 952,
830 cm™'; '"H NMR (600 MHz, CDCl;) & ppm 9.95 (s, 1H),
7.69 — 7.66 (m, 2H), 7.53 — 7.49 (m, 1H), 7.45 — 7.41 (m,
2H), 7.00 — 6.97 (m, 2H), 6.91 — 6.88 (m, 2H), 5.82 (t,
J = 6.8 Hz, 2H), 5.45 (s, 2H), 3.72 (t, J = 6.8 Hz, 2H), 2.01
(s, 3H); '*C NMR (151 MHz, CDCls) & ppm 128.52, 127.00,
122.25, 115.78; EIMS m/z 310 (M™); Anal. (C;sHoN30,): C
69.88, H 6.19, N 13.58, Caled. C 69.87, H 6.19, N 13.58.
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The target compounds SP1-SP13 were synthesized and
listed in Fig. 3.1 below.

3.2. ADME predictions and pharmacokinetic profiling of
synthetic compounds

An in silico study was conducted to predict the pharmacoki-
netic parameters (absorption, distribution, metabolism, excre-
tion) of the synthetic compounds using SwissADME
prediction software available online (Availabe online) to deter-
mine the compound’s drug-likeness behavior.

3.3. Biological evaluation of synthetic compounds

3.3.1. Antioxidant evaluation
3.3.1.1. % Free radical scavenging assay (DPPH Assay). The
% free radical scavenging assay of the synthetic library com-
pounds was performed by using the method described by Far-
00q et al. (Farooq et al., 2020). Synthetic compounds (10 pL)
were taken in a 96-well plate at a final concentration of
200 pg/mL and 190 pL of DPPH reagent was added to this.
The plate was incubated at 37 °C for 60 min in dark. DMSO
and ascorbic acid were taken as negative and positives, respec-
tively. The absorbance was measured at 515 nm by using a
microplate reader. The % FRSA was calculated by using the
following formula:

% scavenging activity = (1 — Abg/Ab.) x 100

Samples were further tested to calculate ICsy value by using
three-fold serial dilutions of 200 pg/mL, 66.6 ng/mL, 22.2 ug/
mL, and 7.4 pg/mL. The assay was performed in triplicate and
the results were presented as mean + SD.

3.3.1.2. Estimation of total antioxidant capacity (TAC) and
total reducing power (TRP). The TAC assay was determined
by using the phosphomolybdenum-based method (Bibi
et al., 2011). A reagent solution comprising of 4 mM ammo-
nium molybdate, 28 mM sodium phosphate, and 0.6 M sul-
phuric acid was used. The method is based on the reduction
of Mo (VI) to Mo (V), leading to the formation of a green-
colored phosphate molybdenum complex that gives absorption
at 630 nm. In 96-well plates, 20 pL of the sample was added
with 180 pL. TAC reagents and incubated at 95 °C for
90 min in a water bath and cooled at room temperature.

The TRP assay was performed by using the protocol
described by (Farooq et al., 2020) with slight modifications.
100 pL of test samples, 200 pL of phosphate buffer, and
250 pL of 1% potassium ferricyanide (K;Fe CN)g) were taken
in an Eppendrof tube and their incubation was done at 50 °C
for 20 min. Two hundred microliter of 10% trichloroacetic
acid (TCA) was added to the mixture. The mixture was cen-
trifuged at 3000 RPM for 10 min and 150 pL of supernatant
was transferred to microplate with FeCl; (50 pL, 0.1%). The
absorbance was taken at 700 nm. Ascorbic acid was used as
a standard (positive control) and DMSO as blank (negative
control). The test was performed in triplicate. The results were
calculated as pg AAE/mg.

3.3.2. Enzyme inhibition assay

3.3.2.1. a-Amylase enzyme inhibition assay. Enzyme inhibition
assay was performed by the method described by (Farooq
et al., 2020). In a 96-well plate, the test samples were added

to a final concentration of 200 pg/mL. To this well plate, o-
amylase enzyme solution (25 pL), starch (40 pL), and phos-
phate buffer (15 pL) were added. The plate was incubated
and later on, HCI and iodine solution were added. DMSO
and acarbose were taken as negative and positive controls,
respectively. the absorbance was measured at 540 nm. % Inhi-
bition in activity was calculated by the following formula:

% Enzyme inhibition = [(As — An) ~ (Ab — An] x 100

Synthetic compounds with a % enzyme inhibition > 50%
were taken at three-fold concentrations of 200 pg/mL,
66.6 pg/mL, 22.2 ug/mL, and 7.4 pg/mL and their ICso was
calculated using the regression equation.

3.3.3. Anti-microbial assay

3.3.3.1. Antibacterial assay. The Microtitre plate method was
used to evaluate the antibacterial potential of synthetic com-
pounds. Initially, the master plate was prepared by taking
20 pL of the test samples, 10 nI. DMSO and 80 pL nutrient
broth into a 96-well plate. The sample plate was prepared from
the master plate by taking 5 pL. from the master plate and
pouring 195 pL nutrient broth having bacterial strain in it.
(Sarker et al., 2007). Samples that exhibited > 50% growth
inhibition were analyzed further for the determination of
MIC (Gao et al., 2012). Three folds serial dilution of concen-
tration 100 ug/mL was prepared, the subsequent wells contain-
ing 33.33, 11.11, and 3.70 pg/mL, respectively. Bacterial
inoculum was added to each well while inoculum size and
the density was adjusted as per predetermined limits (up to
1 x 108 CFU/mL). After incubating the plate at 37 °C for
30 min, a zero time reading was taken at 600 nm using a micro-
plate reader. It was followed by 24 h incubation at 37 °C,
absorbance was recorded again and the difference between
the two readings (net change in turbidity) was calculated. Per-
cent growth inhibition was estimated using the following
formula:

% growth inhibition = T, [ T, x 100

3.3.3.2. Antifungal assay. The synthetic compounds were eval-
uated against five fungal strains. The Agar disc diffusion
method was selected for the preliminary screening of synthetic
compounds against fungal strains. Clotrimazole was served as
positive while DMSO as a negative control. Separate Petri
plates having sterile SDA (2025 mL) were swabbed with an ali-
quot of 100 puL spore suspension from each fungal strain har-
vested in 0.02% (v/v) Tween 20 solution. On sterile filter paper
discs, test samples (4 mg/mL) were applied and the discs were
placed on the seeded agar plates. Plates were incubated at
37 °C for 24-48 h with the periodic observation of inhibition
zones (Farooq et al., 2020).

3.3.4. Screening of compounds for cytotoxic evaluation

3.34.1. Brine shrimp lethality assay. Brine shrimp lethality
assay was performed by the method (Farooq et al., 2020). In
a 96-well plate, artificial seawater (150 pL.) and 10 nauplii were
added. Test samples (400, 200, 100, and 50 pg/mL) were taken
into each well and the final volume was made up by adding the
artificial seawater. The well plate was left uncovered under a
lamp. The number of surviving shrimps were counted and
recorded after 24 h. The test was repeated in triplicate. Using
GraphPad Prism, the lethality concentration (LDsy) was
assessed at 95% confidence intervals. Doxorubicin and DMSO
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were used as a positive and negative control, respectively. The
percentage mortality (%M) was also calculated by the follow-
ing formula:

% Mortality = No. of dead shrimps / Total no. of
shrimps x 100

3.3.4.2. % cell viability determination in Macrophages. The %
cell viability of the test samples was assessed using an MTT
assay (Khan et al., 2011). Macrophages were plated at a den-
sity of 1 x 10° per well in a 96-well plate in a 5% CO, incuba-
tor at 37 °C. The cells were treated with various concentrations
of the test compounds (100 uM, 50 pM, 10 uM, and 1 uM) or
vehicle alone. After 24 h of incubation, 20 pL of MTT (1 mg/
mL in normal saline) was added into each well and incubated
under the same conditions for 2 h. Mitochondrial succinate
dehydrogenase converted MTT in live cells into purple for-
mazan crystals. The formazan crystals were then solubilized
in 100 pL of the solubilizing agent (DMSQO), and the absor-
bance was measured at 570 nm. Doxorubicin and 1% DMSO
in PBS were taken as positive and negatives, respectively.

The % cell viability was calculated by the following
formula;

% cell viability = (abSgmple — abSpiank)
+(abscontrol - absblank) x 100

ICs values were calculated using the regression equation

3.3.4.3. Cytotoxicity evaluation of synthetic library by MTT
assay against HepG2 cells. Cytotoxicity against HepG2 cells
was determined by MTT assay. Non-adherent HepG2 cells
were grown in complete growth medium RPMI 1640 supple-
mented with 2.2 g/ NaHCO3, 10% v/v heat-inactivated fetal
bovine serum (HIFBS), 100 pg/mL streptomycin sulfate,
100 IU/mL penicillin G sodium, and 0.25 pg/mL amphotericin
B in a humidified CO, incubator at 37 °C. For cytotoxicity on
cancer cells, 20 pL of samples in 1% DMSO in PBS and
180 uL of cancer cells were mixed in a 96-well plate to achieve
the final concentration of (50 uM, 25 uM, 12.5 uM, and
6.25 uM). The cells were added at an assay density of
1 x 10° cells/mL. The plate was incubated in humidified 5%
CO, at 37 °C for 24, 48, and 72 h. Later, 10 uL of pre-filter
sterilized MTT solution was added in plates and incubated
in a CO, incubator at 37 °C for 4 h. Colored formazan crystals
were separated by carefully removing the supernatant and dis-
solved in 100 pL of DMSO and absorbance was measured at
570 nm (Zhang et al., 2018). The % cytotoxicity was calculated
by the following formula:

% Cytotoxicity = [100-(As + Ac *100)]

Where As represents the absorbance of sample and Ac,
absorbance of the negative control. ICsq values were calculated
using the regression equation.

3.3.5. Anti-inflammatory evaluation

3.3.5.1. Nitric oxide scavenging assay. The nitric oxide (NO)
scavenging activity of the test samples was evaluated in murine
macrophages by using the Griess reagent method, described by
(Farooq et al., 2020). Briefly, macrophages were plated in a 96-
well plate at a density of 1 x 10® and incubated in a 5% CO, -
incubator at 37 °C for 24 h, pre-treated with different concen-
trations (100 uM, 50 uM, 10 uM, and 1 uM) of test samples

compounds for another 2 h and challenged with LPS
(1 pg/mL) for an additional 18 h. Equal volumes of Griess
reagent (100 pL) and culture medium were mixed and the
absorbance was taken at 540 nm. LPS was taken as a blank
and piroxicam was taken as a positive control. The amount
of nitrite in the media was calculated by the sodium nitrite
(NaNO,) standard curve.

3.3.5.2. In vivo anti-inflammatory assay. A 3-5 weeks old, male
BALB/C albino mice (22-25 g), were purchased from The
National Institute of Health (NIH), Islamabad, Pakistan. Five
animals were housed per group and placed in a controlled tem-
perature and humidity-controlled room (22 °C and 66 + 5%,
respectively) in a 12 h light—dark cycle and provided with water
and food ad libitum. Ethical approval was taken from the
bio-ethical committee of Quaid-I-Azam University (Approval
No. BEC-FBS-QAU 2019-131).

The in vivo anti-inflammatory bioassay was performed by
using the carrageenan-induced mice paw edema method.
Shortly, dose optimization studies were conducted at a dose
of 0.1, 1, and 10 mg/kg against 100 pL carrageenan (1% solu-
tion in normal saline)/paw. Treatment was given 60 min before
carrageenan injection. Readings were taken at 4 h post car-
rageenan injection (Farooq et al., 2020).

After optimizing the dose, test compounds, vehicle (saline
with 2% DMSO) and drug (acetylsalicylic acid, ASA 10 mg/
kg) were administered to the mice orally by gastric intubation
60 min before injecting carrageenan into the right hind paw.
The decrease in edema was measured by vernier calipers every
2 h.

3.4. Statistical analysis

Statistical analysis of results from all experiments was done
using GraphPad Prism 5. Data is presented in terms of means
with either SEM or SD of individual replicates. Each test was
performed in triplicate. Other analysis software and the num-
ber of observations are given with each experiment. Regression
analysis was done to determine ICsy values. The results were
statistically analyzed by ¢-tests and ANOVA at a 95% confi-
dence level (p < 0.05).

4. Conclusions

The newly synthesized N-Mannich bases of the imidazoline
moiety were characterized by spectroanalytical techniques
and their physical data was obtained. The thirteen imidazoline
derivatives were evaluated pharmacologically by performing
bioassays. ADME studies were conducted by using an online
tool and BOILED-Egg representation gives information about
the p-gb substrate. All the compounds were completely follow-
ing the Lipinski rule of five except SP7. The compounds
showed moderate to good activity in all bioassays. SP11 and
SP13 showed good activity in antioxidant assays against free
radicals. SP2, SP8, and SP12 exhibited potent effect against
o-amylase enzyme at ICsy value of 9.20 + 0.48, 10.25 + 0.4
3, and 13.81 + 0.90 pg/mL, respectively. Compounds showed
good to moderate activity against all bacterial and fungal
strains. The compounds were selected for further analysis
against hepatocellular carcinoma cell line (HepG2) based on
LDso and ICso values obtained in brine shrimp and biocom-
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patibility assay, respectively. SP3, SP12, and SP13 were eval-
uvated at 24, 48, and 72 h against HepG2 cells. Maximum
response was observed at 72 h. A dose-optimization study
was conducted and in vivo anti-inflammatory activity was per-
formed on SP3, SP12, and SP13 based on results obtained
in vitro NO assay. In a conclusion, the present study gave us
the chance for further research in these areas through the
hybridization of functional groups to design and develop novel
bioactive compounds and to establish a rational quantitative
structure—activity.
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