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Abstract
A new derivatives of isonicotinohydrazide 9 (a-e) and 10(a-e) were designed, synthesized, characterized based on the different spectroscopic analysis FT-IR,
-1H, -13C-NMR, mass spectra, and also elemental-analyses, and identi�ed as a remarkable anti-in�ammatory along with analgesic effect. In-vitro and in-vivo
anti-in�ammatory and analgesic actions were performed using analgesic acetic acid-induced squirming and Hot plate latency tests using male Swiss albino
mice. The study was supported by the in-silico and ADMET approaches. Among the series, compound (10e) showed the highest IC50 value for COX-1
inhibition, whereas compounds (9e) and (10e) exhibited the highest COX-2 SI. Further, in silico studies provide a putative bind site for the potent compound in
a three-dimensional geometrical view. The results revealed that the title compound (10e) with bromo group exhibited potent COX-2 inhibitor at different times
which is on par with the normal drug used in the assay system. Substitution of halogens at N’(2-phenoxyacetyl)nicotinohyrazide showed (10e) potent
analgesic outcome on acetic acid-induced squirming response and thermal pain among the series 9(a-e) and 10(a-e). The overall pharmacological result
suggests that the newly synthesized compounds possess good anti-in�ammatory along with analgesic-activity which was evaluated through in-vitro, in-vivo,
and --silico studies.

1. Introduction
In�ammation is a complex multifactorial immunological cascade operated by several factors [1]. Primarily during tissue damage, PLA2 is the �rst enzyme that
provides the substrate for cyclooxygenase (COX) [2]. The two important cyclooxygenases COX-1 and COX-2 are two important enzymes to keep the
homeostasis in health and injury, which is very vital [3]. The substrate for COX is obtained from the catalysis of phospholipid by secretory prostaglandins
(sPLA2). Thus, the product of sPLA2 which is arachidonic acid (AA) is converted to pro-in�ammatory and in�ammatory PG by COX-2, which is the main
causative for driving in�ammatory cascade. Whereas in the case of COX-1, the AA metabolites are very important in keeping homeostasis of vascular tone
and blood clotting cascade for the normal physiological conditions [4]. Hence, the activity of sPLA2 is directly proportional to COX’s enzyme catalysis.
Diclofenac and Indomethacin are nonsteroidal anti-in�ammatory drugs (NSAIDs) which are used worldwide for considering in�ammatory disorder such as
osteoarthritis, asthma, cancer, in�ammatory intestine ailment, rheumatic arthritis, allergy, and atherosclerosis [5, 6]. NSAIDs block the COX-2 inducible isoform
which prevent the biosynthesis of prostaglandins. In other hand COX-1 is housekeeping enzyme which is helps in homeostatic functions, which includes
vascular antithrombotic activity, cytoprotection of such as gastric mucosal [7]. The development of speci�c COX-2 inhibitors with non-reactive COX-1 along
with fewer or no side effects has been the main attractive target for many researchers for many decades [8–10]. Heterocyclic compounds have a versatile role
in the area of different �elds of sciences such as chemistry, biology, biochemistry, drug design, and medicinal chemistry [11]. Heterocycles containing nitrogen
are known to possess various pharmaceuticals applications [12, 13]. This has attracted many researchers attention in recent year and it is one of the most
important division which have an amazing activities in pharmacy [14], agriculture [15], the polymer [16] and other �elds [17]. The main biological activities of
nitrogen-containing compounds are antiproliferative [18], antiviral [19], antimalarial [20], anti-in�ammatory [1] and antimicrobial [21]. Further, the literature
reveals that pyridine is the most prevalent heterocyclic compound in nature. It plays a versatile part as a building block in the synthesis of biologically active
compounds in nature. Pyridine and its derivatives are signi�cant chemical with remarkable relevance in diverse �elds [22]. Besides, Pyridine derivatives
account for various biological activities and a great number of the derivatives are used in many recent clinical trials. Substituents on the pyridine nucleus
enhance the approach towards the various biological targets which could �t into the active site of enzymes, proteins and DNA [23].

Moreover, the chemistry of hydrazide derivatives has been obtained great concern in both areas of organic chemistry and as well as biological science with
striking impact [24]. The proton in hydrazides has been considered as a classic compound for the new drug invention [25]. Therefore, researchers have been
shown a great concern in developing these derivatives as target structures for signi�cant evaluation of the new biological activities [26]. Furthermore,
compounds bearing phenoxy moiety are also involved in anti-in�ammatory activity [27]. Interestingly nitrogen-containing heterocycles, in particular pyridine,
have been commonly found as a structural unit in synthetic anti-in�ammatory and analgesic drugs such as etoricoxib, epibatidine, piroxicam, ni�umic acid,
ABT-594 (5-(2-azetidinylmethoxy)-2-chloropyridine), and �unixin [28–32] as shown in Fig. 1. The aim of the presnt study was to determine the effectiveness of
newly synthesized compounds as anti-in�ammatory and analgesic compounds. In this context and based on our previous work [1, 2, 4, 7, and 27], the present
research work emphasizes amalgamation and anti-in�ammatory action of nictinohydrazide 9(a-e) and isonictinohydrazide derivatives 10(a-e).

2. Result And Discussion

2.1. Structure-based design
To begin with, a su�cient investigation in the literature survey was done to make known the importance of the nitrogen-containing heterocyclic compounds,
for instance, pyridine analogs [23] and phenoxy acetyl analogs were found to have potent anti-in�ammatory activities. Besides, drugs etoricoxib, epibatidine,
piroxicam, ni�umic acid, ABT-594 and �unixin, consist of a pyridine ring and are prominent anti-in�ammatory inhibitors. But, the newly synthesized
compounds contain the necessary pharmacophore which helps the prominent binding position of COX-2. The major prerequisite for an inhibitor to bind at the
active position of COX-2 is its lipophilicity nature as the enzyme cleaves a lipophilic substrate so it is a major requirement for an inhibitor to be hydrophobic.
Hence the substitutions were carried out on the pyridine ring as a lipophilic ring, along with the nitrogen atom for establishing hydrogen bonding the existence
of a distal phenoxy ring. Amide oxygen establishes a hydrogen bond with Arginine amino acid present at the active position of COX-2. Based on these criteria
we have designed and synthesized novel analogs 9(a-e) and 10(a-e) which have amide oxygen, lipophilicity, and other necessary pharmacophores (Fig. 2).

2.2. Chemistry
The processes to the synthesis of the target analogs 9(a-e) and 10(a-e) is demonstrated in Scheme1. The title compounds were identi�ed by spectral data of
IR, NMR, and mass spectroscopy. Compound (3a) spectrum served as an example to represent the structures of the amide 3(a-e) series. The formation of
target compound (3a) was established by witnessing the vanishing of the OH stretching band of compound (1) and the presence of a new ester carbonyl
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group stretching band at 1730 cm− 1 in the IR absorption range. However, the NMR spectrum exposed the vanishing of wide-ranging singlet for the hydroxy
group of compound (1) and the presence of a triplet for CH3 and quartet for CH2 protons at δ 1.20 and 4.22 ppm of compound (3) respectively. Also, the mass
spectrum contributed noteworthy stable M + at m/z 180, which established the creation of compound (3a). In addition, (4a) compound spectrum served as a
model to elucidate the spectral data for the 4(a-e) compounds. This was veri�ed by vanishing the carbonyl group extending band in the IR absorption band for
the ester group of compound (3a) and the advent of carbonyl and OH stretching bands of the COOH group of compound (4a) at 1730 and 3430–3510 cm− 1.
Similarly in NMR data, there is a vanishing of the triplet for CH3 and quartet for CH2 protons of compound (3a) and the advent of COOH proton at δ 13.05 ppm,
whereas the mass spectrum contributed noteworthy steady M + at m/z 152. Similarly, the bands of compounds (6 and 8) established by the exhibition of NH
and NH2 extending bands in the series of 3120–3224 and 3130–3230 cm− 1 respectively, and carbonyl group bands at 1669 and 1669 cm− 1 respectively, in
the IR band. Remarkably, in the proton NMR, the presence of two singlet peaks for NH2 and NH protons between δ 4.43 and δ 9.62 ppm respectively,
established the creation of compounds (6 and 8). Also, the mass spectrum of compounds (6 and 8) showed a signi�cant M + peak at m/z 137 and 137
respectively. Lastly, compound (9a) is well-thought-out as an illustrative example for the 9(a-e) and 10(a-e) series. In the IR spectrum of the compound (9a), the
NH2 absorption band of compound (6) and the carbonyl and OH stretching band of compound (4a) vanished. Whereas new stretching bands at 1648 cm− 1 for

amide carbonyl and in the range 3131–3237 cm− 1 for the NH-NH group were present. In the NMR spectrum, the COOH proton peak of compound (4a)
vanished and a new peak for amide proton at δ 10.30 and 10.62 ppm showed up. Lastly, the mass band of compound (9a) showed an M + peak at m/z 272
which con�rmed the establishment of the main compound (9a) as shown in Supplementary Fig. 1–3.

2.3. Biology:

2.3.1. In-vitro COX inhibition
The newly title compounds 9(a-e) and 10(a-e) were screened to evaluate their e�cacy to inhibit human COX-1/COX-2 by an in-vitro assay system. The
competence of title compounds 9(a-e) and 10(a-e) was found by assessing their peroxidase action. Wherein, the standard drugs such as celecoxib, diclofenac,
and indomethacin were used during the assay. Four-parameter logistic (4PL) dose-dependent activity curves (Fig. 3a and 3b) for each compounds 9(a-e) and
10(a-e) were calculated and tabulated in Table 1. The inhibitory action of title compounds and standard compounds were represented as IC50 values. The
Selectivity Index (SI) was evaluated [IC50 (COX-1)/IC50 (COX-2)] as presented in Table 1. The in-vitro assay exposed that the novel title compounds 9(a-e) and
10(a-e) e�ciently inhibit COX-1/COX-2 with varied groups in their nucleus. The compounds 9(a-e) and 10(a-e) exhibit loose binding e�ciency with an IC50

value ranging from 6.907–11.107 µM as a compared standard inhibitor and their selective indexes for COX-1 inhibitor (indomethacin, IC50 = 0.041 µM) and the
nonselective COX-1 inhibitor (diclofenac, IC50 = 4.802µM). In addition, the newly title compounds 9(a-e) and 10(a-e) inhibit su�cient COX-2 inhibition (IC50 = 
0.095–0.263 µM) compared to the selective COX-2 inhibitor (celecoxib, IC50 = 0.091 µM) and diclofenac(IC50 = 0.822µM). Also, COX-1 and COX-2 data is
represented graphically as shown in Figs. (4a) and (4b).

Among the series 9(a-e) and 10(a-e), compounds (9b, 9c, 9e, 10a, 10b, 10c and 10e) showed active COX-2 inhibition (IC50 = 0.095–0.165 µM) and the IC50

values are close to standard drug celecoxib. Whereas the remaining compounds (9a, 9d, and 10d) showed the least effectiveness in the direction of COX-2
inhibition (IC50 = 0.207 to 0.263 µM). Concerning a COX-2 SI, compounds (9e) with electron-withdrawing bulky bromo group at the para location in nicotinic
hydrazide ring and (10e) with bromo group at the para location in isonicotinic hydrazide ring showed the maximum SI values (SI = 99.11 and 116.91
respectively). However (9b, 9c, 10a, 10b and 10c) compounds displayed reasonable COX-2 SI values (SI = 54.64–99.04). On the contrary, compounds (9a) with
no substituent, (9d and 10d) with an electron-donating methyl group, exhibited lesser SI values (SI = 38.29, 33.36 and 32.66 respectively) as shown in Table 1.

2.3.2. In-vivo anti-in�ammatory activity of compounds 9(a-e) and 10(a-e)
In-vivo anti-in�ammatory activity for compounds 9(a-e) and 10(a-e) were estimated along with a normal drug-using formalin-induced rat paw edema model.
Subcutaneous formalin was injected into the rat paw to induce severe in�ammation. Edema so induced was treated with the 9(a-e) and 10(a-e) compounds
along with standard drug (10 mg/kg b.wt) to assess the percentage of edema inhibition was observed after a time duration of 1, 2, 3, and 6 hr respectively
(Fig. 5a-d). The outcome showed an extensive range of anti-in�ammatory activity (12.93–51.99 %; 1 hr), (19.45–57.21 %; 2 hr), (14.98–64.92 %; 3 hr) and
(10.01–45.95 %; 6 hr) in accordance with the normal compound diclofenac (30.32 %;1 hr, 25.42 %; 2 hr, 22.86 %; 3 hr, 22.88 %; 6 hr) as shown in Table 2.
Among the series 9(a-e) and 10(a-e), compounds (9c) with dual chloro groups at ortho and para location, (10a) without any substituent, (10b) with chloro
group at the para location, and (10e) with bromo group at the para location, in phenoxy ring showed additional anti-in�ammatory activity after 1hr.
Interestingly the compounds (10e) (51.99 %edema inhibition) with electron-withdrawing bromo-group at the para location and (10b) (51.76 % edema
inhibition) with the chloro-group at para position possessed potent activity compared to diclofenac (30.32 % edema-inhibition). Further, the compounds (9d)
(25.75 % edema-inhibition) and (10d) (12.93 % edema inhibition) with electron releasing methyl group exhibited lower potency. While after 2 hr, compound
(10e) (57.21 % edema inhibition) displayed the highest anti-in�ammatory activity, and compounds (9c) (55.71 % edema inhibition) and (10b) (55.75 % edema
inhibition) showed the next highest activity. Surprisingly even after 2 hr compounds (9d) (20.51 % edema-inhibition) and (10d) (19.45 % edema inhibition)
exhibited lower potency as related to the normal (diclofenac 25.42 % edema inhibition). Once again after 3 hr also compound (10e) (64.92 % edema-inhibition)
displayed the highest anti-in�ammatory activity and compounds (9c) (60.89 % edema inhibition) and (10b) (60.91 % edema inhibition) exhibited the next
highest activity. Besides, the compound (9d) (14.98 % edema inhibition) showed the least activity as related to the normal diclofenac with 22.86 % edema
inhibition. Finally, after 6 hr also the same compound (10e) (45. 95 % edema inhibition) along with compounds (9e) (45. 85 % edema inhibition) and (10b) (45.
82 % edema inhibition) shown the highest anti-in�ammatory action related to the normal diclofenac with 22.88 % edema inhibition. Collectively, compound
(10e) with IC50 value 7.75 µM, exhibited encouraging anti-in�ammatory activity at 1, 2,-3, and 6-h time interludes and had additional effect than diclofenac
(IC50 value 9.7 µM). To conclude the in-vivo e�cacy, the anti-in�ammatory action of title compounds 9(a-e) and 10(a-e) inveterate that phenoxy ring bearing
acetyl and nicotinohydrazide moiety accomplished active anti-in�ammatory activity (Fig. 6).
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The potent compound is interacting with COX mediated in�ammatory pathway wherein arachidonate metabolism that produces prostaglandins is arrest the
release of in�ammatory mediators [33].

2.3.3. Analgesic activity of the title 9(a-e) and 10(a-e) series
Analgesic activity for the newly title compounds 9(a-e) and 10(a-e) were evaluated by the acetic acid-induced writhing test and the hot plate latency test.

2.3.3.1. Acetic acid-induced writhing test.
The intraperitoneal administration of acetic acid will induce essential nociception and peripheral actions [34]. The outcome of the acetic acid-induced writhing
test for, the title compounds 9(a-e) and 10(a-e) suggest that the analgesic activity of the compound (10e) showed 63.48 % inhibition, which is close to the
standard piroxicam (63.99 % inhibition). In the case of compound (9b) (57.55 % inhibition) and (10c) (62.67 % inhibition) exhibited good activity which is
tabulated in Table 3. While compounds (10a) (53.94 % inhibition) and (10b) (47.66 % inhibition) exhibited moderate analgesic activity. Conversely, it was
noted that there was a considerable decrease in mice receiving the compounds (9a, 9c, 9d, 9e, and 10d), and the e�cacy in inhibiting the writhing response
was between 23.34–38.89 %. Concerning the SAR, it was seen that the action of large halo mixtures (9b) (IC50 value 7.9 µM), (10c) (IC50 value 5.9 µM), and
(10e) (IC50 value 5.9 µM) with the chloro group at para location, two chloro groups at ortho and para location and bromo group at the para location in the
phenoxy ring were found to be more powerful than compounds (9d) (IC50 value 11.9 µM) and (10d) (IC50 value 10.7 µM) with an electron-donating methyl
group at the para position in the phenoxy ring (Fig. 7).

2.3.3.2. Hot plate latency test
The pain-induced hot plate precisely affects centrally mediated nociception. To test the newly title 9(a-e) and 10(a-e) possess central analgesic activity, this
was performed as per the guidelines and evaluation narrator by Williamson et al., [35]. The external administration of the main compounds 9(a-e) and 10(a-e)
prolong the latency time as compared to basal values. In this assay, compounds (10c) (84.91 %) and (10e) (89.95 %) exhibited increased pain level after 1hr.
Notably, there was a surge in pain after 2 hr, and the values obtained were the same in the case of compounds (10c) (49.29 %) and (10e) (56.64 %). this shows
a lessening in nociception by the compounds (Table 4). Overall, series 9(a-e) and 10(a-e), compounds (10c) with two chloro groups at ortho and para position
and (10e) with the bromo group at the para position in the phenoxy ring showed a potent central analgesic activity at 1hr which is similar to the piroxicam
normal drug (76.70 %). Attractively, compounds such as (9d and 10d) with a methyl group at the para position in the phenoxy ring showed decrease potency
after 1 hr (26.95 and 12.23 % respectively) and were followed by subsequently hours. Besides, compounds (9a, 9b, 9c, 9e, 10a, and 10b) showed moderate
analgesic activity in the range 41.73–49.97 % at 1 hr and 35.99–45.93 % at 2 hr. The accomplished results obtained were comparable with the in-vitro COXs
result. The result obtained by the hot plate latency test reveals that the newly title compounds 9 (a-e) and 10 (a-e) possess analgesic activity along with anti-
in�ammatory potency.

2.4. Molecular docking and ADME/Tox
Molecular docking studies play an important role to identify the probable binding orientation of each molecule inside the active site pocket in-silico [39]. Thus,
we analyzed the binding pose of the potent inhibitor with the crystal structure of the downstream in�ammatory enzyme such as COX. The primary enzyme
which initiates the activity of the COX-2 is sPLA2 [37]. In�ammation is a complex immunological pathway, characterized by tissue damage and up-regulation
of sPLA2. The product of sPLA2 which is arachidonic acid is the substrate of two main enzymes, cyclooxygenases (COX) and lipoxygenases (LOX), which are
recognized for their important role in generating numerous prominent biological mediators [33]. The inhibition of COX-2 eventually down-regulates the
synthesis of pro-in�ammatory prostaglandins (PGs) and leukotrienes (LTs), which is widely studies and remains the main focus of many researchers to target
the COX-2 to inhibit the in�ammatory pathway. COX-1 isozyme plays an important role in maintaining a normal physiologic state of vital organs such as
gastrointestinal (GI) mucosa, platelets, endothelium, kidneys, uterus, and also act as cytoprotective activity [38]. In the present study, molecular docking
studies revealed that ligand (9e and 10e) docked into the active site of COX-2 very e�ciently. Ligand (9e) forms π-π stacking with Trp387 (Supplementary Fig.
4), ligand (10e) forms π-π stacking with Trp387 and Typ385 (Fig. 8) with COX-1. The ligand (9e) forms π-π stacking with Typ385 and hydrogen bond with
Ser530 (Supplementary Fig. 5) whereas ligand (10e) forms π-π stacking with Typ385, Tyr355 and Trp387 and hydrogen bond with Arg120 (Fig. 9) with the
docking score and hydrogen bond of -8.98 and − 0.35 kcal/mol respectively (Table 5) which is more e�cient binding with the active site receptor. These amino
acid residues exhibits a signi�cant part in the catalysis of COX-2 [39], thus, the interaction with these amino acid residues will probably down-regulate the
activity of COX-2. In-silico ADME/Tox computation of the synthesized compounds gives a brief knowledge about absorption, distribution, metabolism, and
excretion also toxicological evaluation. Based on an in-silico study of our newly synthesized compounds revealed that the compounds safely pass through
ADME/Tox studies, this is based on the cut-off values which come across within the standard range (Table 6) possessed by nearly 95 % of available drugs.

3. Conclusion
To conclude, a series of N(2-phenoxyacetyl) nicotinohydrazide 9(a-e) and N(2-phenoxyacetyl)isonicotinohydrazide derivatives 10(a-e) were skillfully designed
and synthesized by substituting functional groups such as bromo, chloro, and methyl groups at various positions at the phenoxy ring to induce potent
analgesic and anti-in�ammatory activity. The results revealed that the title compounds 9(a-e) and 10(a-e) exhibited potent COX-2 inhibitor which is similar to
the typical drug used in the assay system. Furthermore, the compound (10e) with bromo group exhibited good anti-in�ammatory activity at different time
intervals such as 1, 2, 3, and 6 hr, and was more effective than diclofenac. Substitution of halogens at N’(2-phenoxyacetyl)nicotinohyrazide showed (10e)
potent analgesic effect on acetic acid and produced writhing response and thermal pain among the series 9(a-e) and 10(a-e). The overall pharmacological
result suggests that the title synthesized compounds possess good anti-in�ammatory along with analgesic activity which was evaluated in-vitro, in-vivo, and
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in-silico studies. The molecular docking studies reveal the three-D interpretation of the potent ligand binding towards the assumed active location of COX-2
with different types of interactions.

4. Materials And Methods
All solvents, beginning material, and reagents were secured from “Sigma Aldrich Chemicals Private Limited” with purity 90–99 %. Systematic “Thin-Layer
Chromatography” (TLC) was carried out on 0.25 mm silica gel plates (Merck 60 F 254) by utilizing a distinctive dissolvable framework that was pictured by UV
light. The melting point was taken on a Chemi Line Micro Controller-based melting point device with an advanced thermometer. IR spectra were documented
by the potassium bromide pellet strategy on Cary 630 FTIR Agilent spectrophotometer, NMR range was documented on a VNMRS-400MHz Agilent-NMR
spectrophotometer in dimethyl sulfoxide (DMSO-d6). The mass range was acquired with a VG70-70H spectrometer. Basic analysis results are within 0.4 % of
the theoretically calculated rate.

4.1 Chemistry

4.1.1 Chemistry: Plan of the synthesis
The synthesis series of the title compounds N'(2-phenoxyacetyl)nicotinohydrazide 9(a-e) and N'(2-phenoxyacetyl)isonicotinohydrazide derivatives 10(a-e)
were achieved by a synthetic process which is shown in Scheme 1. All the compounds produced were recognized by IR, NMR, and mass spectral data. At the
start, a mixture of different phenols 1(a-e) and ethyl chloroacetate (2) was re�uxed with dry acetone which served as a solvent and produced the
corresponding ester substituted ethyl-2-phenoxyacetates 3(a-e). The re�uxing of compounds 3(a-e) with sodium hydroxide solution along with ethanol
provided substituted phenoxy acetic acids 4(a-e). Besides, ethyl nicotinate (5) was treated with 99 % hydrazine hydrate to furnish nicotinic hydrazide (6).
Similarly, ethyl isonicotinate (7) was treated with 99 % hydrazine hydrate to achieve isonicotinic hydrazide (8). Finally, the intermediates compounds 4(a-e)
were treated with nicotinic hydrazide (6) along with lutidine, O-(benzotriazol-1-yl)-N, N, N′, N′-tetramethyluroniumtetra�uoroborate (TBTU), and dry
dichloromethane (DCM) to afford N'(2-phenoxyacetyl)nicotinohydrazides 9(a-e) in a good yield (63–72%). Correspondingly, N'(2-
phenoxyacetyl)isonicotinohydrazides 10(a-e) were synthesized in good yield (74–79%) starting from isonicotinic hydrazide (8).

4.1.1.1 Common synthetic methods for ethyl-2-phenoxyacetate derivatives 3(a-e)
The substituted of phenols (1a-e, 0.06 mol), ethyl chloroacetate (2, 0.065 mol), and anhydrous potassium carbonate (0.065 mol) mixed in dry acetone (35 ml)
were continuously re�uxed for 10 hr. After cooling the mixture, the solvent was separated by distillation. To eliminate potassium carbonate the remaining
mass was �rst triturated with ice water and then take out with ether (3 × 30 ml) which was �rst directly washed 10 % sodium hydroxide solution (3 × 30 ml)
and then by distilled water (3 × 30 ml). It was then dried over anhydrous sodium sulfate and evaporated to get the corresponding series of ethyl-2-
phenoxyacetates (3a-e).

4.1.1.2. Common synthetic process for phenoxy acetic acid derivatives 4(a-e)
The above ester compounds of (3a-e, 0.020 mol) were dissolved in the solvent of ethanol (15 ml) and a solution of sodium hydroxide (0.035 mol). Then water
(5 ml) was added. After re�uxing the mixture for 8 hr, the obtained mixture was �rst cooled and then treated with 3 N hydrochloric acids. The precipitate
obtained was �ltered and washed with cold distilled water. It was lastly recrystallized from ethanol to obtain the acid series of 4(a-e).

4.1.1.3. Common synthetic process for nicotinohydrazide derivatives (6 and 8)
0.016 mol hydrazine hydrate was added to a solution of ethyl nicotinate (5, 0.016 mol) in ethanol (20 ml) and stirred for 4–6 h at room temperature. The solid
separated was treated with water (50 ml), �ltered, and then washed with distilled water (3 × 20 ml). Lastly, the solid obtained was dried under the vacuum and
later recrystallized with ethanol to get nicotinohydrazide (6). Similarly, isonicotinohydrazide (8) was produced from ethyl isonicotinate (7).

Nicotinohydrazide (6)

Yield 75 %; M.P. 155–157°C; FT-IR (KBr) νmax (cm− 1): 1669 (amide, C = O), 3120–3224 (NH-NH2); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.43 (s, 2H, NH2),

6.80–7.41 (m, 4H, Ar-H), 9.62 (s, 1H, NH); 13C NMR (100 MHz, DMSO- d6) δ (ppm): 164.8, 148.7, 148.1, 135.3, 130.7, 125.1. LC-MS m/z 137 Anal. Calcd. for
C6H7N3O(138): C, 52.55; H, 5.15; N, 30.64. Found: C, 52.49; H, 5.10; N, 30.55 %.

Isonicotinohydrazide (8)

Yield 75 %; M.P. 155–157°C; FT-IR (KBr) νmax (cm− 1): 1,669 (amide, C = O), 3120–3224 (NH-NH2); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.53 (s, 2H, NH2),

6.80–7.41 (m, 4H, Ar-H), 9.62 (s, 1H, NH); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 167.2, 149.7, 149.7, 140.8, 121.7, 121.7. LC-MS m/z 137 [M+]. Anal. Calcd.
for C6H7N3O(138): C, 52.55; H, 5.15; N, 30.64. Found: C, 52.49; H, 5.10; N, 30.55 %.

4.1.1.4. Common synthetic process for N'(2-phenoxyacetyl)nicotinohydrazide 9(a-e) and
N'(2-phenoxyacetyl)isonicotinohydrazide derivatives 10(a-e)
Substituted acids (4a-d) were added to the compound (6) in dry DCM (15 ml). Then lutidine (1.5 vol.), at temperature 25–30°C was added and stirred for 25
min at the same temperature. After cooling to 0–5 0C in an ice bath, TBTU (0.003 mol) was added slowly over 20 minutes maintaining the temperature below
5°C. Then the mixture was stored overnight and observed by TLC with hexane: ethyl acetate (3:1) system. After dilution with DCM (30 ml) the mixture was
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washed with 10 % of sodium bicarbonate solution (3 × 30 ml). Lastly, the organic layer was washed with distilled water (3 × 30 ml), dried over anhydrous
sodium sulfate, and concentrated to produce compounds 9(a-e). Similarly compounds 10(a-e) were produced beginning from compounds (8) and (4a-e).

N' (2-phenoxyacetyl)nicotinohydrazide (9a)

Yield 63 %; M.P. 174–177°C; FT-IR (KBr) νmax (cm− 1): 1648 (amide, C = O), 3131–3237 (NH-NH); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.64 (s, 2H, OCH2),

6.93-9.00 (m, 9H, Ar-H), 10.30 (s, 1H, NH), 10.62 (s, 1H, NH); 13C NMR (100 MHz, DMSO-d6) δ (ppm): 167.5, 164.5, 158.1, 152.8, 148.8, 135.6, 129.8, 128.4,
124.0, 121.6, 115.1. LC-MS m/z 272 [M+]. Anal .Calcd. for C14H13N3O3(272): C, 61.99; H, 4.83; N, 15.49. Found: C, 61.58; H, 4.64; N, 15.20 %.

N' (2-(4-chlorophenoxy)acetyl)nicotinohydrazide (9b)

Yield 66%; M.P. 171–174°C; FT-IR (KBr) νmax (cm− 1): 1659 (amide, C = O), 3129–3231 (NH-NH); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.59 (s, 2H, OCH2),

6.59–9.06 (m, 8H, Ar-H), 10.32 (s, 1H, NH), 10.52 (s, 1H, NH); 13C NMR (100 MHz, DMSO- d6) δ (ppm): 166.3, 164.8, 156.2, 148.7, 148.1, 135.3, 130.9, 130.9,
130.7, 126.6, 125.1, 117.4, 117.4, 66.3. LC-MS m/z 305 [M+], 307 [M + 2]. Anal. Calcd. for C14H12ClN3O3(305): C, 55.00; H, 3.96; N, 13.75. Found: C, 54.98; H,
3.64; N, 13.20%.

N' (2-(2,4-dichlorophenoxy)acetyl)nicotinohydrazide (9c)

Yield 69 %; M.P. 176–179°C; FT-IR (KBr) νmax (cm− 1): 1646 (amide, C = O), 3129–3231 (NH-NH); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.48 (s, 2H, OCH2),

6.69–9.06 (m, 7H, Ar-H), 10.08 (s, 1H, NH), 10.11 (s, 1H, NH); 13C NMR (100 MHz, DMSO- d6) δ (ppm): 166.3, 164.8, 152.7, 148.7, 148.1, 135.3, 131.4, 130.7,
129.0, 128.0, 125.1, 121.5, 117.1, 65.8. LC-MS m/z 339 [M+], 341 [M + 2], 343 [M + 4]. Anal. Calcd. for C14H12Cl2N3O3(339): C, 49.43; H, 3.26; N, 12.35. Found: C,
49.40; H, 3.20; N, 12.20 %.

N' (2-(p-tolyloxy)acetyl)nicotinohydrazide (9d)

Yield 72 %; M.P. 175–178°C; FT-IR (KBr) νmax (cm− 1): 1644 (amide, C = O), 3133–3241 (NH-NH); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.54 (s, 2H, OCH2),

6.89-9.00 (m, 8H, Ar-H), 10.10 (s, 1H, NH), 10.21 (s, 1H, NH); 13C NMR (100 MHz, DMSO- d6) δ (ppm): 166.3, 164.8, 155.1, 148.7, 148.1, 135.3, 130.7, 130.7,
130.0, 130.0, 125.1, 125.1, 114.2, 114.2, 66.3, 21.3. LC-MS m/z 286 [M + 1]. Anal. Calcd. for C15H15N3O3(285): C, 63.15; H, 5.30; N, 14.73. Found: C, 63.10; H,
5.20; N, 14.60 %.

N' (2-(4-bromophenoxy)acetyl)nicotinohydrazide (9e)

Yield 68 %; M.P. 176–179°C; FT-IR (KBr) νmax (cm− 1): 1648 (amide, C = O), 3143–3251 (NH-NH); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.52 (s, 2H, OCH2),

6.98–9.02 (m, 8H, Ar-H), 10.13 (s, 1H, NH), 10.24 (s, 1H, NH); 13C NMR (100 MHz, DMSO- d6) δ ( ppm):

166.3, 164.8, 157.1, 148.7, 148.1, 135.3, 132.6, 130.7, 125.1, 118.3, 115.4, 66.3. LC-MS m/z 349 [M+], 351 [M + 2]. Anal. Calcd. for C14H12BrN2O3(349): C, 48.02;
H, 3.45; N, 12.00. Found: C, 48.00; H, 3.34; N, 11.90 %.

N' (2-phenoxyacetyl)isonicotinohydrazide (10a)

Yield 74 %; M.P. 171–173°C; FT-IR (KBr) νmax (cm− 1): 1651 (amide, C = O), 3146–3251 (NH-NH); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.63 (s, 2H, OCH2),

7.01–8.73(m, 9H, Ar-H), 10.73 (s, 1H, NH), 10.36 (s, 1H, NH); 13C NMR (100 MHz, DMSO- d6) δ (ppm): 166.3, 164.8, 158.1, 149.7, 149.7, 140.8, 129.7, 129.7,
121.7, 121.7, 121.0, 114.3, 114.3, 66.3. LC-MS m/z 271 [M+]. Anal. Calcd. for C14H13N3O3(271): C, 61.99; H, 4.83; N, 15.49. Found: C, 61.88; H, 4.77; N, 15.45 %.

N' (2-(4-chlorophenoxy)acetyl)isonicotinohydrazide (10b)

Yield 76 %; M.P. 175–178°C; FT-IR(KBr) νmax (cm− 1): 1649(amide, C = O), 3145–3253 (NH-NH); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.66 (s, 2H, OCH2),

7.00-8.74 (m, 8H, Ar-H), 10.34 (s, 1H, NH), 10.72 (s, 1H, NH); 13C NMR (100 MHz, DMSO- d6) δ (ppm): 167.2, 164.4, 156.9, 150.8, 139.7, 129.6, 125.5, 121.7,
117.0, 66.7, 40.5. LC-MS m/z 306 [M+], 308 [M + 2]. Anal. Calcd. for C14H12ClN3O3(306): C, 55.00; H, 3.96; N, 13.75. Found: C, 54.98; H, 3.84; N, 13.60 %.

N' (2-(2,4-dichlorophenoxy)acetyl)isonicotinohydrazide (10c)

Yield 75 %; M.P. 177–180°C; FT-IR (KBr) νmax (cm− 1): 1653 (amide, C = O), 3147–3256 (NH-NH); 1HNMR (400 MHz,DMSO-d6) δ (ppm): 4.65 (s, 2H, OCH2),

7.03–8.83 (m,7H, Ar-H), 10.75 (s, 1H,NH), 10.42 (s, 1H,NH); 13C NMR (100 MHz,DMSO-d6) δ (ppm): 166.3, 164.8, 152.7, 149.7, 149.7, 149.7, 140.8, 131.4, 129.0,
128.0, 121.7, 121.7, 121.5, 117.1, 65.8. LC-MS m/z 339[M+], 341 [M + 2]. 343 [M + 4]. Anal.Calcd. for C14H12Cl2N3O3(339): C, 49.43; H, 3.26; N, 12.35. Found:
C,49.40; H,3.20; N,12.30 %.

N' (2-(p-tolyloxy)acetyl)isonicotinohydrazide (10d)

Yield 77%; M.P. 182–185°C; FT-IR(KBr) νmax(cm− 1): 1651 (amide, C = O), 3144–3257 (NH-NH); 1HNMR (400 MHz, DMSO-d6) δ(ppm): 4.61 (s, 2H,OCH2),7.01–

8.89 (m, 8H, Ar-H), 10.73 (s, 1H,NH), 10.43 (s, 1H,NH); 13C NMR (100 MHz,DMSO- d6) δ ( ppm): 166.3, 164.8, 155.1, 149.7, 149.7, 140.8, 130.7, 130.0, 130.0,
121.7, 114.2, 114.2, 66.3, 21.3. LC-MS m/z 286[M + 1], Anal.Calcd. for C15H15N3O3(285): C,63.15; H,5.30; N,14.73. Found:C,63.10; H,5.20; N,14.60 %.

N' (2-(4-bromophenoxy)acetyl)isonicotinohydrazide (10e)
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Yield 79 %; M.P. 183–186°C; FT-IR(KBr) νmax (cm− 1): 1649(amide, C = O), 3138–3254(NH-NH); 1HNMR (400 MHz, DMSO-d6) δ (ppm): 4.63 (s, 2H,OCH2), 7.03–

8.86 (m, 8H, Ar-H),10.63 (s, 1H,NH), 10.41 (s, 1H,NH); 13C NMR (100 MHz,DMSO- d6) δ ( ppm): 166.3, 164.8, 157.1, 149.7, 149.7, 140.8, 132.6, 132.6, 121.7,
121.7, 118.3, 118.3, 115.4, 66.3. LC-MSm/z 349 [M+], 351 [M + 2]. Anal. Calcd. for C14H12BrN3O3(349): C, 48.02; H,3.45; N,12.00. Found: C, 48.00; H, 3.30; N,
11.98 %.

4.2 Pharmacology

4.2.1 Biological assessment, animal models, and ethics
In-vivo anti-in�ammatory and analgesic experiments were performed by using of male Swiss albino mice weighing between 20–25 g. Firstly, the mice were
gestated in normal controlled conditions. The room temperature was maintained at 25 ± 1.5°C and the relative humidity at 55–90 %. The recommended
standard feed with clean water was provided and the mice were kept for a week before starting the in-vivo experiments. Animal studies were performed under
strict animal handle procedures according to the guidelines issued by the “Research Ethical Committee” of the Farooqia College of Pharmacy, Mysuru.

4.2.2. in-vitro COX inhibitory activity
COX-1 and COX-2 inhibitory analyses were performed for the newly title compounds 9(a-e) and 10(a-e) with the help of colorimetric enzyme immune assay
[40]. Manufacturer protocol (Cayman Chemical) was followed to evaluate the inhibitory e�ciency for newly produced compounds contrary to COX-1 and COX-
2 which was found through a COX inhibitor screening assay kit [41]. Brie�y, enzymes COX-1 and COX-2 were incubated in distinct containers along with a
reaction mixture and for inhibitory studies, compounds were pre-incubated for 5 min with particular enzymes, the reaction was started by adding arachidonic
acid (�nal concentration 1.1 mM) followed by TMPD and gestated for 5 min at temperature of 25°C. The production of oxidized N, N, N′, N′-tetramethyl-p-
phenylenediamine (TMPD) at 590 nm measured the activity results, and the percentage inhibition was determined by using the below equation.

COX inhibiting activity (%) = [(1- (A1-A2)] × 100

A 0

Where A0 = is the absorbance of the control (without the test compound),

A1 = is the absorbance in the presence of the test compound and

A2 = is the absorbance sample blank (without TMPD).

Different concentrations of samples were used to calculate the values of IC50 by making use of the calibration curve.

4.2.3. Anti-in�ammatory in-vivo activity
In-vivo anti-in�ammatory activity for newly title compounds 9(a-e) and 10(a-e) was assessed by making use of a formalin-induced rat foot paw edema model
[42]. The title compounds 9(a-e) and 10(a-e) (10 mg/kg, b.wt) were used to estimate anti-in�ammatory e�ciency along with the normal drug diclofenac at a
concentration of 10 mg/kg body weight through oral route. In�ammation was induced by injecting a 6 % formalin solution subcutaneous to the plantar
surface of the left hind paw. Percentage increase/decrease in edema was estimated by using a plethysmometer measured at different time intervals 1, 3, and
6 hr after injecting formalin and later compared with the right back paw of the animals as reference. The proportion of edema inhibition was represented as
percentage paw-volume change in milliliters by comparing test and control values. The percentage inhibition of the in�ammatory effect of the title
compounds, compared to control, was calculated using the following expression.

% Inhibition = [Degree of in�ammation by the (control group- test group)] × 100

Degree of in�ammation by the control group

4.2.4. Analgesic activity

4.2.4.1. Acetic acid-induced writhing test.
The acetic acid-induced test was performed by methods [43, 44] mentioned earlier. In brief, newly title compounds 9(a-e) and 10(a-e) about 10 mg/kg of body
weight of mice was used in the treated group, 0.75 % of physiological saline used as a vehicle, standard piroxicam was taken at the concentration of 10
mg/kg, body weight. Target compound and the standard drug were given via oral route before 30 min injecting 0.7 % acetic acid solution (10 ml/kg, b.wt) at
intra-peritoneal. The mice were monitored. The count of writhing movements like abdominal contraction successes by extension and dorsi�exion were
recorded. The outcomes are represented as the number of writhes per 30 min period from which the proportion inhibition of writhing was determined using the
formula.

Inhibition % = Mean No. of writhes (Control) - Mean No. of writhes (Test) × 100

Mean number of writhes (control)

4.2.4.2. Hot plate latency test.
A hot plate latency test was performed using the protocol [45] described earlier. The animals received standard saline (Control) or trial agents (10 mg/kg; body
weight) along with the standard drug piroxicam (Positive control) at 0, 1, and 2 hr after administration respectively. The newly title compounds 9(a-e) and
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10(a-e) were administered orally one hour before initiating the experiment. The mice were then placed on a hot plate and the temperature was set to 50°C. The
difference in time gave the response latency. The increase in baseline (in percentage) was calculated by the formula.

[Reaction time ×100]-100

Baseline

4.2.5. Statistical analysis
One-way ANOVA with signi�cant p < 0.05 was used to compare between different groups Graphed prism was used for all statistical data calculations.

4.3. Molecular docking
The crystal coordinates of both enzyme COX-1 and COX-2 were taken from the “Brookhaven Protein Data Bank”, with [PDB id 3KK6] and [4COX] [36, 37]. 2D
sketcher was used to place ligands 9(a-e) and 10(a-e) in the workspace. The force �eld OPLS 2005 was applied for energy minimize. Proteins were made by
repossessing into the workspace. By using the protein pep wizard, the structure of the protein like the missing loops was corrected.

Water molecules that were beyond a distance of 5 Å from the hetero atom of the crystal coordinate of COX-1 and COX-2 were removed retaining the catalytical
water molecules at the active site receptor. Automatic, essential bonds, bond guidelines, crossbreeding, explicit-hydrogen, and charges were allocated. OPLS
2005 force �eld was applied to the protein to control minimization. RMSD of 0.30 Å was �xed to congregate heavy-weight particles through the pre-processing
of protein former to docking. Accurate docking with �exible ligand sampling was adopted. Each ligand was docking into the receptor grid of radii 30 Å with x,
y, z coordinates, and the docking calculation were adjudicated depending on the docking score with optimum ADMET values. A ligand-based ADMET
calculation method was used to estimate the ADME/Tox properties of ligands.
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Tables
Table 1: COX-1 and COX-2 enzyme in-vitro inhibition of compounds (9a-e and 10a-e).

Compound

 

IC50 (μM)a

 

 

COX-2SIb

COX-1 COX-2

9a 8.156 0.213 38.29

9b 10.537 0.159 66.27

9c 9.756 0.118 82.67

9d 6.907 0.207 33.36

9e 10.011 0.101 99.11

10a 9.016 0.165 54.64

10b 10.088 0.133 75.84

10c 10.895 0.11 99.04

10d 8.590 0.263 32.66

10e 11.107 0.095 116.91

Celecoxib 14.820 0.091 162.85

Diclofenac

 

4.802 0.822 5.84

Indomethacin 0.041 0.502 0.08
aIn vitro concentration of synthesized compound that produce 50% inhibition of COX-1and COX-2 enzymes, the result (IC50, μM) is the mean of two values

obtained using an ovine COX-1/COX-2 assay. The deviation from the mean is<10% of the mean value.bThein vitro COX-2 selectivity index (COX-1 IC50/COX-2
IC50).

Table 2: Anti-in�ammatory activity of compounds (9a-e and 10a-e).
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Compounds

 

Paw volume change (ml) % Edema inhibition  

IC50µM
1h 2h 3h 6h 1h 2h 3h 6h

9a 1.4 ±0.02* 1.6±0.10 1.8±0.33 2.6±0.25 34.55 30.40 25.95 10.01 11.98±0.29

9b 1.2±0.08* 1.1±0.01 1.3±0.14 2.2±0.13 42.88 43.60 45.92 22.65 09.87±0.55

9c 1.2 ± 0.08*   1.1 ± 0.4* 1.0 ± 0.14* 1.8 ± 0.22* 46.99 55.71 60.89 39.99 6.99±0.10

9d 1.6 ± 0.26 1.9 ± 0.02 2.1 ± 0.17 2.6 ± 0.40 25.75 20.51 14.98 10.02 12.65±0.42

9e 1.3 ± 0.10*   1.3 ± 0.02* 1.3 ± 0.06* 1.5 ± 0.35* 38.83 40.34 45.78 45. 85 7.9±0.41

10a 1.1 ± 0.17*  1.3 ± 0.20* 1.5 ± 0.24* 2.0 ± 0.05* 46.95 45. 33 37. 93 30.02 8.4±0.20

10b 1.0 ± 0.05*   1.0 ± 0.11* 1.0 ± 0.11* 1.5 ± 0.17* 51.76 55.75 60.91 45.82 7.68±0.12

10c 1.2 ± 0.04*    1.1 ± 0.12* 1.1 ± 0.12* 1.7 ± 0.21* 42.99 47. 52 56.95 39.90 6.91±0.30

10d 1.90 ± 0.13 1.8 ± 0.03 1.7 ± 0.11 1.9 ± 0.16* 12.93 19.45 29.98 32.88 8.98±0.21

10e 1.0 ± 0.06*   0.9 ± 0.33* 0.8 ± 0.12* 1.5 ± 0.33* 51.99 57. 21 64. 92 45. 95 7.75±0.39

Vehicle 2.3 ± 0.27 2.4 ± 0.06 2.5 ± 0.08 3.0 ± 0.34 0 0 0 0 -

Diclofenac

 

1.5 ± 0.17*  1.7 ± 0.4 1.9 ± 0.31 2.2 ± 0.42 30.32 25.42 22.86 22.88 9.7±0.41

Values are means ± SEM (n=3-4)* signi�cantly different from the normal control group at p < 0.05.

Table 3: Analgesic effect of compounds (9a-e and 10a-e) on acetic acid induced writhing response

Compounds

 

Number of writhing % inhibition IC50µM

9a 34.66±1.98 27.65 11±0.29

9b 19.68±2.33 57.55 7.9±0.52

9c 28.93±0.75* 38.88 10.2±0.2

9d 36.35±1.19 24.76 11.9±0.39

9e 28.80±0.75* 38.89 10.5±0.43

10a 21.82±2.53 53.94 8.9±0.28

10b 24.96±1.97 47.66 8.3±0.12

10c 17.44±2.12 62.67 5.9±0.29

10d 36.84±2.02 23.34 10.7±0.19

10e 16.99±2.74* 63.48 5.9±0.39

Vehicle 48.93± 4.91 0 -

Piroxicam 16.86±2.32* 63.99 7.1±0.38

Data represent the mean value ± SE of four mice per group. Drugs were, s.c., administered 30 min before testing. Statistical comparisons are made between
control group and synthesized compounds treated group and denoted by p < 0.05 * signi�cantly different from the normal control group at p < 0.05.

Table 4: Analgesic effect of compounds (9a-e and 10a-e) on thermal pain induced by a hot plate method
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Compounds

 

 

Basal

1 h 2 h

 

 

IC50µM

Latency time

(s)*

 

% Latency

change

 

Latency time

(s)*

 

% Latency

Change

9a 18 ± 2.8 26 ± 3.7* 41.73 25 ± 3.9* 35.99 11±0.34

9b 14 ± 3.6 21± 3.6 45.90 21 ± 6.3 45.94 9.2±0.34

9c 17 ± 3.5 26 ± 1.9* 49.97 24 ± 3.3* 37.94 8.9±0.02

9d 17 ± 6.4 22 ± 2.9 26.95 21 ± 4.8 21.89 12.2±0.37

9e 17 ± 6.2 26 ± 1.1* 49.77 18 ± 1.9* 45.75 8.5±0.37

10a 18 ± 2.0 26 ± 1.0* 41.90 18 ± 1.9* 45.93 8.9±0.48

10b 18 ± 2.9 27 ± 2.0* 46. 32 25 ± 3.2* 35.99 7.8±0.10

10c 13 ± 3.4 25 ± 1.4* 84.91 26 ± 2.3* 49.29 8.6±0.29

10d 14 ± 4.1 16 ± 1.9 12.83 15 ± 1.52 05.96 19.8±0.21

10e 12 ± 3.1 23 ± 1.1* 89.95 21 ± 6.1* 56.64 6.9±0.29

Saline 17 ± 4.6 16 ± 5.2 0 14 ± 1.0 0 -

Piroxicam 14 ± 4.7 26 ± 2.0* 76.70 25 ± 2.1* 72.87 6.2±0.37

Note: Values are means ± SD of four mice per group. Statistical comparisons between basal and post-drug values were analyzed for statistical signi�cance
using one-way ANOVA test and denoted by p < 0.05.* signi�cantly different from the normal control group at p < 0.05

Table 5: Docking scores of synthesized compounds 9(a-e) and 10(a-e) against COX-1 and COX-2.

Protein COX1 (PDB ID: 3KK6) COX2 (PDB ID: 4COX)

Compound Docking
Score

Glide
evdw

Glide
Energy

Glide
emodel

XP
HBond

Docking
Score

Glide
evdw

Glide
Energy

Glide
emodel

XP
HBond

10a -7.74 -42.22 -43.70 -62.05 0.00 -5.43 -31.54 -36.45 -55.20 -0.22

10b -8.54 -42.67 -43.52 -61.41 0.00 -8.94 -38.26 -41.91 -60.76 0.00

10c -7.77 -32.93 -33.17 -52.59 0.00 -8.96 -40.55 -44.71 -55.10 0.00

10d -6.72 -35.52 -36.05 -53.65 0.00 -8.31 -37.85 -41.79 -60.04 -0.11

10e -8.41 -40.75 -41.17 -57.55 -0.11 -8.98 -36.37 -40.55 -53.91 -0.35

9a -7.64 -34.48 -35.42 -57.72 0.00 -7.73 -25.32 -32.19 -50.14 -0.35

9b -8.35 -41.12 -42.97 -53.46 -0.23 -8.45 -33.98 -37.34 -50.95 -0.11

9c -7.87 -33.33 -36.41 -44.44 0.00 -8.32 -40.25 -42.03 -58.46 0.00

9d -6.99 -32.79 -35.71 -52.37 -0.20 -6.77 -33.79 -38.04 -58.79 -0.22

9e -8.38 -40.94 -42.63 -54.58 -0.30 -7.25 -35.18 -37.54 -54.92 -0.63

Celecoxib -12.65 -36.57 -47.33 -68.28 0.00 -10.58 -43.74 -47.45 -63.22 -0.90

Diclofenac -8.06 -35.32 -35.12 -48.68 0.00 -8.57 -26.19 -28.81 -40.97 -0.31

Indomethacin -10.83 -43.96 -44.61 -62.47 0.00 -12.18 -38.88 -45.40 -66.09 -1.73

Table 6: ADME/Tox evaluation of compounds 9(a-e) and 10(a-e).
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Compound a* b* c* d* e* f* g* h* i* j* k* l* m* n* o* p*

9a 30.57 10.26 14.62 9.84 2.04 -3.38 -3.15 -6.16 422.56 194.97 -1.16 -2.40 4.0 -0.26 85.89 0.0

9b 31.85 10.85 15.31 9.59 2.53 -4.11 -3.84 -6.07 423.94 482.29 -1.01 -2.57 4.0 -0.15 88.77 0.0

9c 33.17 11.41 15.96 9.36 3.02 -4.73 -4.54 -5.94 469.89 1194.56 -0.82 -2.62 4.0 -0.04 92.45 0.0

9d 32.41 10.45 15.13 9.53 2.35 -3.94 -3.43 -6.07 424.07 195.73 -1.20 -2.60 5.0 -0.11 87.70 0.0

9e 32.22 10.98 15.45 9.60 2.61 -4.23 -4.74 -6.10 424.11 518.78 -1.01 -2.57 4.0 -0.13 89.23 0.0

10a 30.58 10.26 14.62 9.84 2.04 -3.39 -3.15 -6.16 422.48 194.93 -1.16 -2.40 4.0 -0.26 85.89 0.0

10b 31.86 10.85 15.28 9.60 2.53 -4.12 -3.84 -6.09 431.62 491.73 -1.01 -2.55 4.0 -0.15 88.94 0.0

10c 33.23 11.43 15.95 9.38 3.03 -4.76 -4.54 -5.98 473.03 1204.10 -0.83 -2.60 4.0 -0.04 92.56 0.0

10d 32.41 10.45 15.13 9.53 2.35 -3.94 -3.43 -6.07 423.69 195.54 -1.20 -2.60 5.0 -0.11 87.69 0.0

10e 32.21 10.97 15.42 9.61 2.61 -4.24 -4.74 -6.13 431.27 528.22 -1.00 -2.55 4.0 -0.13 89.39 0.0

Indomethacin 35.53 11.18 17.27 9.77 4.27 -5.10 -5.09 -3.23 167.30 224.48 -0.65 -2.64 3.0 0.04 91.73 0.0

Diclofenac 28.00 9.87 13.83 7.88 4.50 -5.31 -4.80 -3.02 377.77 783.30 -0.18 -1.78 4.0 0.03 100.00 0.0

Celecoxib 38.17 10.74 19.77 11.94 3.33 -5.80 -5.73 -5.71 354.74 786.28 -0.77 -3.24 1.0 0.37 92.08 0.0

Standard
Range

13.0 

to

70.0

4.0

to

18.0

8.0

to

35.0

4.0

to

45.0

-2.0

to

6.5

-6.5

to

0.5

< -5 <25 poor, 

>500 great

-3.0

to

1.2

-- 1.0

to

8.0

-1.5

to

1.5

<25%

 is
poor

Max 

is 4

Note:a*:QPpolrz;b*:QPlogPC16;c*:QPlogPoct;d*:QPlogPw;e*:QPlogPo/w;f*:QPlogS; g*:CIQPlogS;h*:QPlogHERG;i*:QPPCaco;j*:QPPMDCK;  
k*:QPlogBB;l*:QPlogKp;  m*:No. of metabolites; n*:QPlogKhsa; o*:Percent human oral absorption;p*:Rule of �ve.

Figures

Figure 1

Pyridine core containing drugs with their biological activities.
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Figure 2

Design strategy of compound (10e).

Figure 3

Normalized dose response curves showing the effect of (10e) on COX-1 (a) and COX-2 (b). IC50 was calculated using sigmoidal four-parameter logistic curve
(4PL) plot. All data values represent mean ± SEM (n = 5).
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Figure 4

Graphical representation of IC50 (COX-1 and COX-2) values for the 9(a-e) and 10(a-e) in comparison with celecoxib, diclofenac and indomethacin (a).
Comparative analysis to differentiate selective and non-selective COX-2 inhibitory activity for 9(a-e) and 10(a-e), with an imaginary trend line (b). All data
values represent mean ± SEM (n = 5).

Figure 5
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Effect of compound 10e on carrageenan-induced paw edema in mice. Typical representative macroscopic photographs of paw from the Normal (a),
Carrageenan + Saline (b), Carrageenan + Indomethacin (c), Carrageenan + compound 10e (d). Treated.

Figure 6

Neutralization of edema-inducing activity of formalin by 9(a-e) and 10(a-e). All data values represent mean±SEM (n=4).

Figure 7

Analgesic effect of compounds 9(a-e) and 10(a-e) on acetic acid induced writhing response.



Page 17/18

Figure 8

The lowest energy conformation of docking result of ligand (10e) with COX-1 (3KK6). The three dimensional putative binding cavity of COX-1 is represented in
olive yellow mixed with light orange and the ligand in dark pink.
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Figure 9

The lowest energy conformation of docking result of ligand (10e) with COX-2 (4COX). The three dimensional putative binding cavity of COX-2 is represented in
solid grey and the ligand in dark pink.
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