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a b s t r a c t 

Today, usage of NSAIDs (nonsteroidal anti-inflammatory drugs) is very common. However, it has been 

proven by many studies that NSAIDs with free carboxylic acid group damage the GI (gastrointestinal) 

system. Our aim was to mask the acidic groups of NSAIDs to prevent or reduce their side effects while 

preserving their pharmacological effects. In this study, new amide derivatives of known NSAIDs, com- 

pounds 11 –20 , were synthesized to investigate their analgesic and anti-inflammatory effects using in vivo 

models. While compound 11 showed the most remarkable anti-inflammatory activity by 60.9% inhibition 

value at 200 mg/kg dose, compounds 11, 12, 15 and 18 had almost the same analgesic activity to that 

of acetylsalicylic acid (100 mg/kg) and flurbiprofen (100 mg/kg). In addition, all test compounds used at 

high dose (200 mg/kg, p.o) did not show any acute toxicity. COX-1 and COX-2 inhibition properties of all 

compounds were measured by biochemical methods and the interaction of the most active compounds 

with COX enzymes is elucidated by computer-assisted virtual screening methods. It was determined by 

in vitro enzyme inhibition studies that compound 11 and 13 , synthesized from selective COX-1 inhibitors 

dexketoprofen and flurbiprofen, are selective COX-2 inhibitors. Moreover, compounds 11 –13 were found 

to be non-mutagenic according to the mutagenicity assay using Salmonella TA98 and TA100 strains with 

and without metabolic activation. Finally, the prediction of ADMET profile and drug-likeness properties 

of compounds 11 –20 were examined and the obtained results were evaluated. 

© 2023 Elsevier B.V. All rights reserved. 
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. Introduction 

After the discovery of Aspirin, the first NSAID effective drug, in 

897, many NSAIDs with different anti-inflammatory and analgesic 

ffect profiles and pharmacodynamic properties have been widely 

sed in the treatment of acute and chronic pain. It has been re- 

orted in the literature that this broad class of drugs exert their 

nti-inflammatory effects by inhibiting prostaglandin biosynthesis. 

owever, the use of these drugs is also associated with a broad 

pectrum of side effects, that occur with the inhibition of the syn- 
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hesis of prostaglandins (PG), which is responsible for physiological 

omeostasis [1] . 

NSAIDs are a class of drugs that target the cyclooxygenase en- 

yme in the treatment of pain and inflammation, and prevent 

rostaglandin synthesis by non-selective inhibition of cyclooxyge- 

ases (COX). There are two known isoforms of cyclooxygenases, 

OX-1 and COX-2. The vasodilating properties of prostacyclins 

GE2 and PGI2 produced by the COX-1 enzyme contribute to an in- 

rease in mucus secretion in the stomach, as well as a decrease in 

cidity and pepsin content, thus protecting the integrity of the gas- 

ric mucosa. In the kidneys, these prostacyclins stimulate vasocon- 

triction and increase blood flow in response to factors that con- 

ribute to the glomerular filtration rate in case of volume deple- 

ion. It has been reported that, long-term use of COX-1 inhibitors 

https://doi.org/10.1016/j.molstruc.2023.135521
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2023.135521&domain=pdf
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ould give rise to the irritation of the gastrointestinal tract, and 

rgan damage such as liver and kidney failure [2] . Therefore, long- 

erm inhibition of COX-1 is thought to be the mechanism of gastric 

lcer formation induced by NSAIDs [ 3 , 4 ]. 

The discovery of inducible COX-2 at sites of inflammation has 

ed to the development of novel selective inhibitors to reduce GI 

ide effects caused by conventional NSAIDs. Since selective COX-2 

nhibitors promise to provide a strong anti-inflammatory and anal- 

esic effect without the side effects caused by non-selective COX 

nhibitors, it has been suggested that selective COX-2 inhibitors 

ight be safer NSAIDs. Thus, selective COX-2 inhibitors that are 

urrently used in clinical practice have been developed [5] . How- 

ver, long-term use of these agents has demonstrated some po- 

ential limitations, including ulcer exacerbation, delayed GI ulcer 

ealing, renal toxicity, and cardiovascular side effects in high-risk 

atients [6] . 

The clinical studies have shown an association between the use 

f selective COX-2 inhibitors, such as rofecoxib and celecoxib, and 

n increased incidence of stroke and myocardial infarction. These 

dverse effects were attributed to COX-2 inhibition related sup- 

ression of prostacyclin levels which have a vasodilating effect due 

o responsible for inhibition of platelet aggregation. These data in- 

icate that the safety of these agents in long-term use is question- 

ble, and celecoxib is still in therapeutic use today, with less car- 

iovascular toxicity than other coccib derivatives, while rofecoxib 

nd valdecoxib have been withdrawn from the market [7–11] . 

Many similar studies showing the importance of COX-2 in- 

ibitors in cancer chemotherapy [12] and neurological disorders 

uch as Alzheimer’s [13] and Parkinson’s diseases show that the 

evelopment of COX-2 inhibitors remains attractive [ 8 , 14 , 15 ]. 

Gastrointestinal toxicity of NSAIDs is thought to be due to the 

rritation of their acidic groups in the gastrointestinal tract and 

egional inhibition of prostaglandin synthesis [ 16 , 17 ]. Most of the 

trategies reported in the literature are to identify new targets as- 

ociated with inflammation, to improve the therapeutic efficacy 

nd tolerability of NSAIDs, or to modify NSAIDs with groups that 

rotect the GI tract [18] . 

In order to minimize the side effects of this group of drugs, the 

reparation of prodrugs by masking acidic groups has been one of 

he most preferred methods. When designing prodrugs of NSAIDs 

o reduce side effects, combining them with another drug or at- 

aching a chemical group that can modify their pharmacokinetic 

roperties are the most preferred approaches. Interest to ester and 

mide prodrugs prepared from NSAID drugs have increased in re- 

ent studies; because they are substrates of esterase and amidase 

nzymes in vivo and have suitable in vitro chemical stability, and 
p

Scheme 1. Synthetic route to compounds 1–20 . Reagents and cond

2 
an be formulated with sufficient shelf life. Higher solubility, im- 

roved bioavailability and lower side-effect profile are targeted in 

ew molecules designed for this purpose. In addition, since the 

etabolic profiles of NSAIDs used in the clinic are known, the syn- 

hesis of derivatives that can release the parent drug in living or- 

anisms will be more rational [19–21] . 

In the light of these findings, we aimed to convert some NSAID 

olecules containing carboxylic acid groups into their amphiphilic 

mide derivatives, compounds 11 –20 , by combining them with 

ris(hydroxymethyl)aminomethane (TRIS). The hydrolysis potentials 

f compounds 11 –13 in simulated gastric fluid (pH 1.2) and intesti- 

al fluid (pH 6.8) have been previously reported [22] . Hydrolysis 

nd degradation studies for compounds 11 –13 showed that these 

ew amide derivatives were not hydrolysed even after 24 h in 

oth conditions. However, the compounds were found to be N- 

rotonated in acidic medium (pH 1.2) [23] . At the end of these 

tudies, it was concluded that the synthesized derivatives were 

ore stable than related starting materials. The scope of the study 

as to reveal the pharmacological profiles of these new NSAID 

andidates, with high analgesic and anti-inflammatory activities 

nd low ulcer-formation potential and oxidative stress parameters, 

n in vivo studies. In addition, it was among our goals to examine 

he COXs enzyme inhibitory potentials of the synthesized amide 

erivatives, to evaluate the COX-1/COX-2 selectivity. The results of 

omputer-aided molecular modeling studies provided insight into 

he binding mechanisms of these compounds and supported the 

nzyme assay results. Prediction of molecular descriptors and AD- 

ET profiles revealed drug-likeness properties of the synthesized 

ompounds. 

. Results and discussion 

.1. Chemistry 

The novel amide derivatives of known NSAIDs, compounds 11 –

0, were synthesized using reaction protocol outlined in Scheme 1 . 

irstly, ten different NSAIDs carrying free acid groups were con- 

erted to their corresponding methyl esters [1–10] . The target com- 

ounds [11–20] were obtained as a result of heating related ester 

erivatives with TRIS in the presence of anhydrous potassium car- 

onate in DMSO. It was not possible to react NSAIDs containing 

arboxylic acid groups directly with TRIS using a coupling agent 

uch as DCC, as it gave rise to multiple by-products. This method 

rovided a simple and selective amide formation starting from es- 

er and a nucleophilic amine without the need for expensive cou- 

ling agents or protection of alcohol functions. 
itions: i . d.H 2 SO 4 , MeOH; ii . H 2 NC(CH 2 OH) 3 , K 2 CO 3 , DMSO. 
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All synthesized compounds were checked for purity and iden- 

ity using TLC and HPLC-UV/DAD analysis. The new amide deriva- 

ives 11 –20 were characterized by their melting points, FTIR, 1 H 

MR, 13 C NMR and mass spectral data, besides elemental analysis. 

e determined that all spectral data were in agreement with the 

tructures of target compounds. In the IR spectra of compounds 

1 –20 , determination of carbonyl stretching bands at 1620–1647 

m 

−1 instead of the bands at 1702–1740 cm 

−1 clearly proves the 

ormation of amide derivatives. 1 H NMR spectra also provided sup- 

ort for the structures of the synthesized compounds 11 –20 by the 

etection of N 

–H resonances of the amide function in the range of 

.14–11.85 ppm, which was a very wide range since many different 

SAIDs were used as starting materials. The mentioned spectra of 

ompounds 11 –20 with all TLC and HPLC data were given in Sup- 

lementary Materials. 

.2. Biological activity studies 

.2.1. Analgesic and anti-inflammatory activity 

astric ulceration risk studies. The compounds, which were 

creened for anti-inflammatory activity, were further screened for 

heir acute ulcerogenic risk. As a general consideration, all com- 

ounds except compounds 14 and 18 were found to be safer as 

astric lesion risks at high dose (200 mg/kg, p.o) when compared 

o indomethacin (INDO) and flurbiprofen (FLU) ( Table 1 ). 

nalgesic activity. As seen in Table 1 , compounds 11, 12, 15 and 

8 had almost the same analgesic activity as acetylsalicylic acid 

ASA)(100 mg/kg) and FLU (100 mg/kg). The compounds 13, 17 and 

9 nonetheless had a little analgesic activity. 

nti-inflammatory activity. The anti-inflammatory activity of the 

mide derivatives 11–20 was assessed by their ability to inhibit the 

aw edema induced by carrageenan in mice and activity was ex- 

ressed as "mean increase in paw volume ±SD’’ in terms of mm 

nd percentage inhibition (inhibition%) in paw volume by different 

oses of the compounds [24] . As seen in Table 1 , all of the com-

ounds, except compounds 15, 16, 17, 19 and 20 , possessed moder- 

te to very good anti-inflammatory activity at all doses and in any 

f the measurement intervals. Among the compounds tested, the 

ompounds 11, 12 and 14 showed the most remarkable activity at 

00 mg/kg dose (to 60.9% inhibition). However, the compounds 13 

nd 18 when administered a decreasing dose (50 mg/kg), the ac- 

ivity was found to have increased dramatically. It is well known 

hat an edema produced by carrageenan is a biphasic event and if 

he inhibition is more effective in the first phase of carrageenan- 

nduced edema, it means that the response is mediated by his- 

amin or serotonin. However, if the inhibition is more effective in 

he second phase of carrageenan-induced edema, it means that the 

eply is prostaglandin-mediated [25] . It might be stated that our 

ompounds show their anti-inflammatory activity through the PG- 

ediated mechanism. In order to enlighten the mechanism clearly, 

urther studies have to be made with serotonin, histamine and PG. 

cute toxicity test. Test compounds administered at the high dose 

200 mg/kg, p.o), did not show any acute toxicity. Common side 

ffects such as diarrhea and depression were not recorded. 

ipid peroxidation in tissues. It has been well known that lower 

lcerogenic risk of the compounds is combined with a reduced 

BARS content in the affected area of the gastrointestinal tract, by 

roducts of lipid peroxidation. Therefore, an attempt was made to 

orrelate the decrease in ulcerogenic effect of the compounds with 

hat of lipid peroxidation [26] . The compounds 11 and 12 showed 

ood antioxidant activity compared to other compounds. As seen 

n Table 2 , INDO and FLU showed significant increase in TBARS 
3 
evel. An important finding of the tissue lipid peroxidation results 

hat kidney TBARS levels significantly higher in all groups than 

ontrol. Therefore, it may be important to investigate the pharma- 

okinetics of the compounds in future studies. 

The results further suggested that their diminished harmful ef- 

ects on the stomach might be related to their antioxidant prop- 

rties. The fact that the compounds with low ulcerogenic risk do 

ot cause any increase on stomach lipid peroxidation level leads us 

o think that the antioxidant properties of these compounds con- 

ribute to the anti-inflammatory activities. 

SH and TSH levels. Reduced glutathione (GSH) is the most preva- 

ent non-protein thiol in animal cells and a central component in 

he antioxidant defense of cells, acts both by detoxifying free oxy- 

en radicals directly. GSH content was similar to control animals in 

ll groups except compounds 13 and 18 in all tissues ( Table 2 ). 

.2.2. In vitro cyclooxygenase enzymes inhibition 

Ten newly synthesized compounds were evaluated in vitro for 

heir COX-1 and COX-2 inhibition ability and selectivity. All assays 

ere performed in triplicates. The inhibitory activity in terms of 

C 50 values in addition to the selectivity index were summarized 

n Table 3 . The obtained results were compared with reference in- 

ibitors, celecoxib, dexketoprofen, flurbiprofen and indomethacin. 

The IC 50 values of celecoxib (potent selective COX-2 inhibitor) 

n COX-1 and COX-2 were determined to be 16.012 μM and 

.07 μM respectively, with high SI (228.7). The reference stan- 

ard inhibitors show that we have achieved similar results with 

he existing literature in this enzyme immunoassay system [27–

2] . Compound 20 with an IC 50 value > 100 μM for COX-1 and

.16 μM for COX-2 and selectivity index > 625, was found to be 

he most selective COX-2 inhibitor ( ≥2.7 fold higher than cele- 

oxib). The results showed that all tested compounds were ac- 

ively inhibited COX-1 with IC 50 values ranging < 0.05–16.125 μM 

xcept compound 20 . With respect to inhibitory activity on COX- 

, all tested compounds except 16 , showed potent COX-2 inhibi- 

ion with IC 50 values ranging from < 0.05–3.66 μM that three of 

hem (compounds 15, 17 and 19 ) showed better inhibition than 

elecoxib. Although dexketoprofen is a selective COX-1 inhibitor, in 

itro studies showed that, compound 11 synthesized from dexke- 

oprofen is a selective COX-2 inhibitor (SI (COX-1/COX-2): 14.30). A 

imilar finding has been detected that the COX-1/COX-2 selectivity 

ndex of compound 13 , which was synthesized from flurbiprofen, 

ncreased 150 times in favor of COX-2, with respect to flurbipro- 

en ( Table 3 ). Though the selectivity of compound 18 synthesized 

rom the racemic ketoprofen changed in the direction of COX-2 (SI 

COX-1/COX-2): 3.06), was found lower than compound 11 . 

.2.3. Mutagenicity studies 

Genotoxicity testing is a critical component of safety assess- 

ent of xenobiotics. It is designed to detect genetic damage such 

s gene mutations and chromosomal aberration, which may be re- 

ected in tumorigenic or heritable mutation potential of the mate- 

ials [33] . In this study, we investigated the mutagenicity assay in- 

uced by compounds 11, 12 and 13 in the TA98 and TA100 strains 

ith and without metabolic activation. TA98 and TA100 strains 

ere selected for detection of frameshift and base pair substitu- 

ion mutations, respectively. The positive control showed high fre- 

uencies of revertant colonies when compared to negative control 

 p < 0.01) in both investigated strains with and without S9 activa- 

ion ( Tables 4 and 5 ). The results of the mutagenicity assay showed

hat none of the tested concentrations of compounds 11, 12 and 

3 induced a significant increase in the revertant number of TA98 

nd TA100 strains, indicating no mutagenicity to the tested strains 

hether or not incubated with S9. 
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Table 1 

Anti-inflammatory effects of the test compounds against carrageenan-induced hind paw oedema and acetic acid-induced abdominal constriction as writhing reflex tests in mice ( n = 4–5). 

Compounds Dose 

Ulcer 

score 

Writhing reflex ±SD 

(% inh.) 100 mg/kg 

90 min. 

mean ±SD 

(% inh.) 

180 min. 

mean ±SD 

(% inh.) 

270 min. 

mean ±SD 

(% inh.) 

360 min. 

mean ±SD 

(% inh.) 

Control 100 

50 

200 mg/kg 

0/5 25.0 ± 6.5 55.0 ± 5.2 54.0 ± 4.6 79.0 ± 4.0 89.0 ± 4.4 

ASA 200 mg/kg 3/5 10.0 ± 5.9 ∗∗ (60.0) 

INDO 10 mg/kg 3/5 – 41.0 ± 5.0 ∗∗ (25.5) 39.0 ± 2.9 ∗∗∗ (27.7) 44.0 ± 4.8 ∗∗∗ (44.3) 41.0 ± 3.3 ∗∗∗ (53.9) 

FLU 50 mg/kg 4/5 10.1 ± 1.9 ∗∗ (59.6) 

11 0/5 4.0 ± 8.9 ∗∗ (84.0) 65.0 ± 7.1 

52.5 ± 3.2 

26.1 ± 5.3 ∗∗∗ (52.6) 

42.5 ± 3.2 ∗∗ (21.3) 

47.5 ± 4.3 

21.1 ± 7.6 ∗∗∗ (60.9) 

40.0 ± 5.4 ∗∗∗ (49.4) 

53.7 ± 2.4 ∗∗∗ (32.0) 

38.6 ± 7.9 ∗∗∗ (51.1) 

53.7 ± 4.3 ∗∗∗ (39.7) 

65.0 ± 2.1 ∗∗∗ (27.0) 

55.6 ± 9.3 ∗∗ (37.5) 

12 0/5 10.0 ± 9.3 ∗ (60.0) 48.7 ± 3.1 

35.0 ± 5.4 ∗∗∗ (36.4) 

26.1 ± 11.3 ∗∗ (52.6) 

36.2 ± 3.1 ∗∗∗ (33.0) 

41.2 ± 3.7 ∗ (23.7) 

24.2 ± 5.7 ∗∗∗ (55.2) 

40.0 ± 3.6 ∗∗∗ (49.4) 

57.5 ± 3.2 ∗∗∗ (27.2) 

43.9 ± 5.1 ∗∗∗ (44.3) 

68.7 ± 2.4 ∗∗∗ (22.8) 

67.5 ± 1.4 ∗∗∗ (24.2) 

45.9 ± 8.4 ∗∗∗ (48.4) 

13 0/5 18.0 ± 5.9 (28.0) 47.5 ± 5.2 

36.2 ± 4.3 ∗∗∗(34.2) 

55.0 ± 7.8 

46.2 ± 4.3 ∗

42.5 ± 4.3 ∗∗ (21.3) 

36.3 ± 10.4 ∗ (32.8) 

50.0 ± 3.5 ∗∗∗ (36.6) 

52.5 ± 3.2 ∗∗∗(33.5) 

61.4 ± 12.7 ∗ (22.3) 

60.0 ± 4.6 ∗∗∗ (32.6) 

58.7 ± 5.5 ∗∗∗ (34.0) 

68.9 ± 8.2 ∗ (22.6) 

14 1/5 26.0 ± 7.8 37.5 ± 3.2 ∗∗∗ (31.8) 

37.5 ± 3.2 ∗∗∗ (31.8) 

28.8 ± 5.3 ∗∗∗ (47.6) 

50.0 ± 3.5 

32.5 ± 3.2 ∗∗∗ (39.8) 

27.2 ± 6.0 ∗∗∗ (49.7) 

57.5 ± 5.2 ∗∗∗ (27.2) 

46.2 ± 3.2 ∗∗∗(41.5) 

59.9 ± 7.9 ∗∗ (24.0) 

68.7 ± 4.3 ∗∗∗ (22.8) 

65.0 ± 4.6 ∗∗∗ (26.9) 

68.9 ± 4.6 ∗∗∗ (22.6) 

18 3/5 11.6 ± 1.7 ∗∗(53.6) 55.4 ± 4.2 

46.2 ± 7.3 

68.3 ± 10.6 

42.4 ± 4.3 ∗∗(21.5) 

35.0 ± 5.2 ∗∗∗(35.2) 

52.6 ± 8.1 

76.2 ± 5.2 

59.3 ± 7.4 ∗∗∗(25) 

55.9 ± 8.6 ∗∗∗(29.2) 

75.4 ± 4.6 ∗∗

72.7 ± 6.7 ∗∗

68.3 ± 11.2 ∗∗ (23.2) 

15 10.6 ± 1.8 ∗∗ (57.6) – – – –

16 23.9 ± 2.9 – – – –

17 17.7 ± 4.3 (29.2) – – – –

19 17.9 ± 2.4 (28.4) – – – –

20 22.8 ± 3.1 – – – –

Statistical analysis of data; 

Data obtained from animal experiments were expressed as means ±standard deviation (SD). Statistical differences between the treatment and the control group of animals were evaluated by two-tailed Student’s t-test. 
∗ p < 0.05 (significant). 
∗∗ p < 0.01 (very significant). 
∗∗∗ p < 0.001(extremely significant). 
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Table 2 

Lipid peroxidation (as TBARs, nmol/g wet weight), GSH (μmol/g wet weight) and TSH (μmol/g wet weight) levels in stomach, liver and kidney at 200 mg/kg doses 

of test compounds. 

Compounds Lipid PeroxidationTBARS GlutathioneGSH Total thiol groupsTSH 

Stomach Liver Kidney Stomach Liver Kidney Stomach Liver Kidney 

Control 145.0 ± 3.8 282.4 ± 19.2 460.4 ± 15.3 1.5 ± 0.2 5.0 ± 0.2 1.8 ± 0.3 4.5 ± 0.4 19.8 ± 0.5 14.0 ± 0.1 

INDO 10 mg/kg 161.0 ± 7.8 a 373.4 ± 15.1 c 533.2 ± 10.6 c 0.8 ± 0.2 b 3.9 ± 0.6 b 0.9 ± 0.2 c 3.0 ± 0.3 c 15.4 ± 1.1 c 11.0 ± 0.5 c 

FLU 161.9 ± 1.1 b 306.4 ± 18.9 541.6 ± 12.4 c 0.9 ± 0.1 a 3.4 ± 0.3 c 1.7 ± 0.2 3.5 ± 0.4 a 16.2 ± 1.1 c 12.5 ± 0.5 c 

11 139.6 ± 5.2 265.4 ± 16.2 551.4 ± 18.4 c 1.4 ± 0.3 5.4 ± 0.3 1.7 ± 0.3 3.9 ± 0.3 19.2 ± 0.8 13.2 ± 0.5 

12 140.4 ± 6.2 294.6 ± 13.4 549.6 ± 14.2 c 1.4 ± 0.4 5.6 ± 0.4 1.8 ± 0.3 3.7 ± 0.4 17.9 ± 0.8 a 13.0 ± 0.3 a 

13 133.8 ± 5.3 238.2 ± 7.7 b 508.4 ± 15.4 b 0.9 ± 0.2 a 4.5 ± 0.3 1.7 ± 0.1 3.9 ± 0.4 17.9 ± 0.9 a 13.2 ± 0.4 

14 155.6 ± 10.2 323.6 ± 16.1 b 578.8 ± 22.1 c 1.2 ± 0.2 4.5 ± 0.4 1.5 ± 0.4 3.8 ± 0.5 18.0 ± 0.9 a 13.0 ± 0.6 a 

18 142.6 ± 8.2 279.7 ± 11.1 505.7 ± 19.4 b 0.7 ± 0.4 b 3.3 ± 0.5 c 1.8 ± 0.3 3.9 ± 0.6 19.7 ± 0.4 13.0 ± 0.5 a 

Statistical analysis of data; 

All values are expressed as the mean ±SD. The data were analysed by a one-way analysis of variance (ANOVA) followed by a Tukey-Kramer multiple comparisons 

post hoc test. 
a p < 0.05 (significant). 
b p < 0.01 (very significant). 
c p < 0.001(extremely significant). 

Table 3 

Inhibitory activity of synthesized amide derivatives against COX-1 and COX-2 

enzymes. 

Compound IC 50 ( μM) a , b SI c 

COX-1 COX-2 

11 3.400 ±0.8914 0.238 ±0.0471 14.30 

12 0.658 ±0.0515 0.449 ±0.0289 1.50 

13 2.286 ±0.4231 0.1985 ±0.0162 11.50 

14 0.840 ±0.0743 0.126 ±0.0171 6.70 

15 < 0.05 < 0.05 ≈ 1.0 

16 16.125 ±1.9746 > 100 < 0.16 

17 0.350 ±0.0252 < 0.05 > 7.0 

18 11.230 ±1.0900 3.669 ±0.4917 3.06 

19 < 0.05 < 0.05 ≈ 1.0 

20 > 100 0.16 ±0.018 > 625.0 

Celecoxib 16.012 ±1.3476 0.07 ±0.0043 228.7 

Dexketoprofen 0.0005 ±0.0001 0.0389 ±0.0058 0.013 

Flurbiprofen 0.0015 ±0.0002 0.0220 ±0.0018 0.07 

Indomethacin 0.0116 ±0.0025 0.6340 ±0.0876 0.018 

a IC 50 value is the μM concentration required to produce 50% inhibition of 

the related enzyme. Values are expressed as mean ± SEM ( n = 3). 
b IC 50 values were not determined for compounds showing less than 50% in- 

hibition at concentrations of 100 μM and higher than 50% inhibition at concen- 

trations of 50 nM. 
c SI, selectivity index is defined as IC 50 (COX-1)/IC 50 (COX-2). 
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Table 4 

Mutagenicity of samples in Salmonella typhimurium TA98. 

Without S9 Number of revertant/plate 

Negative control (DMSO) 29.0 ± 7.5 

Positive control ∗586.15 ± 42.53 

Dose 

(μg/plate) 

5000 

1000 

100 

10 

1 

With S9 

Negative control (DMSO) 29.0 ± 4.3 

Positive control ∗1046.8 ± 77.1 

Dose 

(μg/plate) 

5000 

1000 

100 

10 

1 

Dunnett’s multiple comparison test was carried out for statistical

without S9. 2-aminofluorene (10 μg/plate) was used as positive mu
∗ p < 0.05 versus negative control. 

5 
Our cytotoxicity results also revealed that toxicity was observed 

or compound 12 at a concentration of 50 0 0 μg/plate of culture 

n both strains. The same concentration was found to be toxic in 

A100 strain treated with compound 13 . On the other hand, com- 

ound 11 , at concentrations up to ≤ 50 0 0 μg/plate did not influ- 

nce bacterial viability, indicating no toxicity in the tested bacterial 

trains TA98 and TA100. This observation suggests compound 11 as 

 safer chemical scaffold compared to compounds 12 and 13 . 

.3. Docking studies 

Following the in vitro enzyme inhibition assay, the interactions 

f these compounds with the active site of COX-1 and COX-2 en- 

ymes were investigated by using molecular docking studies. Cele- 

oxib, dexketoprofen and flurbiprofen which were known NSAIDs, 

ere used as reference ligands. The basic structure of COX-1 and 

OX-2 enzymes are found in many different species and it is 

nown that the amino acid sequences of these enzymes are 60–

5% similar in mammalian species. The active sites of both COX 

soenzymes are similar and Arg120, Tyr355 and Glu524 residues 

ive rise to a partial constriction at entry into the active site. Even- 

ually, the active site opens into a narrow long hydrophobic chan- 

el extending towards a catalytic membrane binding site [15] . De- 

pite all these similarities, as a result of the presence of the Val523 

esidue in COX-2 instead of the Ile523 residue in COX-1, the 20% 
Compd 11 Compd 12 Compd 13 

24.5 ± 4.9 ∗10.0 ± 2.8 31.5 ± 2.1 

26.0 ± 1.4 21.5 ± 2.1 26.5 ± 3.5 

23.0 ± 1.4 28.0 ± 1.4 29.0 ± 2.8 

29.5 ± 2.1 27.0 ± 1.4 32.5 ± 2.1 

28.5 ± 3.5 24.5 ± 4.9 28.5 ± 7.8 

26.0 ± 2.8 ∗7.0 ± 4.2 25.5 ± 3.5 

22.5 ± 3.5 22.0 ± 4.2 28.5 ± 2.1 

25.0 ± 2.8 27.0 ± 5.7 29.0 ± 2.8 

26.0 ± 4.2 27.5 ± 9.2 24.0 ± 7.1 

33.5 ± 0.7 32.0 ± 1.4 27.0 ± 2.8 

 analysis. NPD (20 μg/plate) was used as positive mutagen 

tagen for with S9 experiment. 
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Table 5 

Mutagenicity of samples in Salmonella typhimurium TA100. 

Without S9 Number of revertant/plate 

Compd 11 Compd 12 Compd 13 

Negative control (DMSO) 113.2 ± 11.3 

Positive control ∗950.0 ± 73.6 

Dose 

(μg/plate) 

5000 112.5 ± 14.8 ∗44.0 ± 1.4 ∗24.5 ± 4.9 

1000 124.5 ± 21.9 125.0 ± 11.3 104.5 ± 6.4 

100 105.0 ± 12.7 117.0 ± 5.7 106.0 ± 12.7 

10 117.5 ± 10.6 128.0 ± 9.9 102.5 ± 7.8 

1 110.0 ± 21.2 113.5 ± 0.7 107.0 ± 12.7 

With S9 

Negative control (DMSO) 106.5 ± 16.8 

Positive control ∗551.5 ± 46.0 

Dose 

(μg/plate) 

5000 112.0 ± 14.1 ∗14.5 ± 0.7 ∗22.5 ± 10.6 

1000 106.0 ± 8.5 109.0 ± 5.7 100.0 ± 21.2 

100 107.0 ± 2.8 99.5 ± 7.8 108.0 ± 15.6 

10 102.5 ± 17.7 100.5 ± 9.2 96.0 ± 5.7 

1 104.5 ± 10.6 99.0 ± 9.9 119.5 ± 29.0 

Dunnett’s multiple comparison test was carried out for statistical analysis. SA (1 μg/plate) was used as positive mutagen without 

S9. 2-aminofluorene (10 μg/plate) was used as positive mutagen with S9 experiment. 
∗ p < 0.05 versus negative control. 

Table 6 

Binding energy (kcal/mol) of synthesized compounds and reference ligands. 

�G (kcal/mol) 

Compound 

COX-1 (Binding Sites) COX-2 

Pocket A (Active site) Pocket B Gate Pocket of A Active Site Selectivity 

11 n.b. (S) −7.7 −7.6 −8.1 (S) COX-2 

12 −6.5 (R) −7.2 −6.8 −7.3 (R) COX-2 

n.b. (S) −7.1 −6.8 −7.3 (S) COX-2 

13 −7.7 (R) −7.3 −6.3 −6.7 (R) COX-1 

−7.9 (S) −7.3 −6.7 −7.1 (S) COX-1 

14 n.b. (R) n.b. −6.2 −8.0 (R) COX-2 

n.b. (S) n.b. −6.2 n.b. (S) COX-1 

15 n.b. −8.3 n.b. −8.0 similar 

16 n.b. (R) −7.8 −6.4 −7.4 (R) COX-1 

−6.3 (S) −7.8 −6.9 −6.9 (S) COX-1 

17 −7.6 −7.4 −7.1 −7.1 COX-1 

18 n.b. (R) −8.1 −7.3 −6.7 (R) COX-1 

n.b. (S) −7.7 −7.6 −8.1 (S) COX-2 

19 n.b. (R) −7.8 −6.6 −7.7 (R) similar 

n.b. (S) −7.5 −7.1 −7.3 (S) similar 

20 n.b. n.b. −6.6 −8.5 COX-2 

Celecoxib – – – −12.0 COX-2 

Dexketoprofen −9.5 – – −9.1 COX-1 

Flurbiprofen −10.0 (S) – – −9.0 (S) COX-1 

n.b.: no binding. 
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arger binding area observed for COX-2 enzyme is the most impor- 

ant dissimilarity in the active sites of these isoforms [ 9 , 34 ]. These

ifferences have important implications for the selectivity profile 

f their inhibitors, because of changing the access to the catalytic 

ite of the COX enzymes [ 5 , 15 , 35 ]. 

Molecular docking is a very useful and practical structure-based 

rug design tool which scores the favorable binding modes of a 

igand in its biological target. Nevertheless, due to some simpli- 

cations and limitations in docking protocols, in silico results are 

ot always properly correlated to in vitro measurements and may 

roduce false positives [36] . The major limitation in docking algo- 

ithms is neglecting the dynamics of the protein such as induced 

t effects, allosteric effects and conformational flexibility. Because 

f the extremely large size of the biological receptors/enzymes, 

t is still quite challenging to incorporate the full dynamics of 

he biomacromolecule in docking process [37] . Another simplifica- 

ion is ignoring the solvent water molecules in the target protein. 

o overcome these problems, molecular dynamics simulations and 

ethods such as MM/PBSA, MM/GBSA [38] can be used for further 
6

onfirmation for the stability of the docked pose of the enzyme- 

igand complex but their high computational cost is a disadvan- 

age. 

The results of our docking studies ( Table 6 ) have shown that, in

erms of COX-1/COX-2 selectivity, calculated binding energies are in 

he same direction with the in vitro IC 50 measurements ( Table 3 ), 

xcept for compounds 13 and 17 . The differences between results 

f in vitro and in silico studies can be due to the limitations men- 

ioned above. Moreover, except compound 11 , the remaining chi- 

al compounds subjected to IC 50 measurements are in the form of 

acemic mixtures while the binding energies are calculated for the 

ure enantiomers, which unfortunately complicates the direct cor- 

elation between in vitro and in silico results. 

Calculated binding energies reveal that almost all of these com- 

ounds show affinity to COX-2 active site but majority of them do 

ot bind to the the active site pocket of COX-1. This is compati- 

le with the in vitro tests in Table 3 displaying COX-2 selectivity 

n general. On the other hand, according to IC 50 values, they also 

xhibit various degrees of COX-1 inhibition which prompted us to 
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Fig. 1. a) The predicted druggable binding sites of COX-1 according to CavityPlus web server. Pocket A (the cyclooxygenase active site) is blue, Pocket C (peroxidase binding 

site) is red, pocket B is green and pocket D is gray. b) Alternative bindings of compound 11 with the binding sites of COX-1 enzyme. Co-crystallized ligand (yellow) of COX-1 

enzyme (pdb code: 1Q4G) is in the active site (pocket A); one conformation of compound 11 (navy blue) can bind to gate pocket of A while another conformation (turquoise) 

can bind to the newly identified site (pocket B). c) Interactions between compound 11 and pocket B as 2D diagram. d) Interactions between compound 11 and gate pocket of 

A as 2D diagram. e) Interactions between compound 15 and pocket B as 3D diagram. f) Interactions between compound 15 and pocket B as 2D diagram. (For interpretation 

of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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nalyze their docked conformations in COX-1 in more detail. Inter- 

stingly, we have noticed that most of them ( 11, 12, 14, 15, 16, 18,

9 ) bind to different pockets of COX-1 with better affinities, instead 

f its active site. In order to justify our observation, we explored 

ll the binding pockets of COX-1 employing CavityPlus web server 

39–41] . The data generated for all identified binding sites are pre- 

ented in Table S1 (see in Supplementary Materials). Four of these 

inding sites which we denoted as A, B, C, D exhibit strong drug- 

ability and are shown in Fig. 1 a. Among them, pocket A and C

re the known cyclooxygenase and peroxidase [42] binding sites of 

OX-1, respectively. Furthermore, the region where the interaction 

ith Arg120, Tyr355 and Glu-524 residues causing partial constric- 

ion at the entry of the active site was detected and denoted as the 

ate pocket of A. 

Compounds 11, 12, 14, 15, 18, 19 and 20 which do not bind to 

he COX-1 active site in pocket A, have been found to interact with 

ocket B and/or gate pocket of A with diverse values of binding en- 

rgies ( Table 6 ). To the best of our knowledge there is no previous
7

tudy mentioning the pocket B of COX-1, while the binding mode 

f a ketoprofen derivative with gate pocket of A is also reported by 

ziona et al. [43] . 

According to the in vivo studies, compound 11 exhibits the best 

ntiinflammatory activity. Although it is selective to COX-2, it also 

nhibits COX-1 according to in vitro enzyme inhibition assays and 

olecular docking. Our in silico study reveals that its inhibitory ac- 

ivity on COX-1 is the result of less favorable orientation in pocket 

 ( −7.7 kcal/mol) or at the gate pocket of A ( −7.6 kcal/mol) rela-

ive to its more favorable binding mode in the active site of COX-2 

 −8.1 kcal/mol). We present possible binding modes of compound 

1 with COX-1 enzyme in Fig. 1 b (as 3D diagram), 1c and 1d (as

D diagrams) to explain its effect on COX-1. In pocket B, it exhibits 

ydrogen bonds with Gln44, Glu465 and Arg469 residues as well 

s hydrophobic interactions with Ile46 and Pro153 residues. At the 

ate pocket of A, hydrogen bond interactions with Arg83, Arg120, 

he470, Glu524 residues and hydrophobic interactions with Ile89, 

eu93, Leu112, Leu115, Val116, Val119 residues are observed. An- 



N. Kulaba ̧s , İ. Set, G. Aktay et al. Journal of Molecular Structure 1285 (2023) 135521 

Fig. 2. Binding modes of COX-2 inhibitors in the active site of COX-2. a) Compound 11 ; b) compound 14 ; c) compound 15 ; d) compound 18 ; e) compound 19 and f) 

compound 20 . 

Fig. 3. The interactions of compound 11 with COX-2 active site as 3D and 2D diagrams. 
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ther interesting case is compound 15 which has remarkably high 

OX-1 enzyme inhibition in in vitro experiments but its docked 

onformations show no binding to the active site pocket A. In- 

tead, it strongly binds to pocket B ( −8.3 kcal/mol, Fig. 1 e and

 f) of COX-1. It has comparable affinity to the active site of COX- 

 ( −8.0 kcal/mol) which complies with its nonselective behavior 

bserved in in vitro results. 

In general, docked conformations of all the synthesized com- 

ounds, except S isomer of compound 14 , have displayed binding 

o COX-2 active site while compounds 11, 14, 15, 18, 19, 20 were 

ever attached to the COX-1 active site (pocket A). Therefore, their 

inding modes in the COX-2 active site are presented in Fig. 2 . 

Finally, the interactions of compound 11 with COX-2 enzyme 

re highlighted in 3D and 2-D views in Fig. 3 , since it has the

ighest in vivo antiinflammatory activity. The binding energy of 

ompound 11 against COX-2 enzyme has been calculated as � G = 

8.1 kcal/mol. Various H-bond interactions have been detected be- 

ween His75, Gln178, Leu338, Ser339, Phe504, Ala513 amino acids 

nd the hydroxyl groups as well as the -NH- proton of the amide 

tructure. Additionally, hydrophobic interactions of both phenyl 

ings with Val102, Val335, Leu338, Leu345, Ala513 contribute bind- 

ng of 11 to COX-2. 

.4. Prediction of ADME profile of compounds 11–20 

ADMET properties were calculated by using SwissADME calcu- 

ation software ( http://www.swissadme.ch ) [44] . SMILES codes of 

he compounds 11 –20 were generated from the structures using 
8 
he ACD/ChemSketch version 12.0 molecular editor. Number of hy- 

rogen bond donors varied from 4 to 5 and the number of hy- 

rogen bond acceptors varied from 4 to 7, while any tested com- 

ounds have no more than 10 rotatable bonds (Table S2, see in 

upplementary Materials). The bioavailability radars for all the syn- 

hesized compounds are given in Fig. 4 . The pink-colored zone on 

he bioavailability radar (SwissADME) presents the optimal range 

or each property, indicating the drug-likeness of a molecule. All 

hese compounds meet the rules of Lipinski [45] , Ghose [46] , Ve- 

er [47] , and Muegge [48] . 

Estimated intestinal absorption (%ABS) was calculated 

y:%ABS = 109 − [0.345 × topological polar surface area (TPSA)] 

ccording to the method of Zhao et al. [49] . The compounds 11 –20 

ere estimated to be highly absorbed in the gastrointestinal tract 

y 69.05–78.03%ABS values as like the known NSAIDs. Also the 

ewly synthesized compounds 11 –20 were not BBB permeant, 

lthough the NSAIDs except tiaprofenic acid used as starting 

ompounds have BBB permeability ( Fig. 4 ). Compound 18 has been 

ynthesized from racemic ketoprofen, so contains the R _isomer 

f compound 11 as well. Therefore, compound 18 and racemic 

etoprofen were not included in the boiled-egg model, as they 

ave the same pharmacokinetic profiles, respectively compound 11 

nd dexketoprofen. 

As a result of in silico toxicity predictions, none of the synthe- 

ized compounds exhibited mutagenic potential and this finding 

as been supported by the in vitro mutagenicity studies performed 

or compounds 11, 12, 13 (Fig. S41, see in Supplementary Materi- 

ls). 

http://www.swissadme.ch
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Fig. 4. Boiled-egg diagram for compounds 11 –20 and their corresponding starting NSAIDs. DEX: Dexketoprofen; IBU: Ibuprofen; FBP: Flurbiprofen; ETO: Etodolac; DFN: 

Diflunisal; TYP: Tiaprofenic acid; OXA: Oxaprozin; KTP: Ketoprofen; NA: Naproxen; MFA: Mefenamic acid. Bioavailability radars for compounds 11 –20. Pink zone—lipophilicity 

(LIPO) values are within the range −0.7 < XlogP3 < + 5.0; molecular weight (SIZE) values are 150 g/mol < MW < 500 g/mol; polarity (POLAR) values are 20 Å2 < TPSA < 

130 Å2; insolubility (INSOLU) values are 0 < logS < 6; insaturation (INSATU) values are 0.25 < Fraction Csp3 < 1; flexibility (FLEX) values are 0 < Num. rotatable bonds < 

9. 0. 
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. Conclusion 

In the present study, new amide derivatives were synthesized, 

n which we covered the free carboxylic acid group of the known 

SAIDs to modify their COX-1/COX-2 selectivity and GI side effects. 

ompounds 11 –14 and 18 were found to have moderate to very 

ood anti-inflammatory activity at all doses and at any of the spec- 

fied measuring ranges. Inhibition value up to 60.9% observed for 

ompounds 11, 12 and 14 at 200 mg/kg dose, as well as a marked 

eduction of anti-inflammatory effect at 50 mg/kg dose for com- 

ounds 13 and 18 was noteworthy. The compounds 11, 12, 15 and 

8 show similar analgesic effects with acetylsalicylic and flurbipro- 

en used as references; compounds 13, 17 and 19 were also found 

o have some analgesic effect. TBARS levels were measured by lipid 

eroxidation test in tissues for compounds 11 –14 and compound 

8 , which were found to have analgesic effects by in vivo studies. 

hile indomethacin and flurbiprofen used as references caused a 

ignificant increase in the level of stomach, liver and kidney TBARS, 

t was determined that all synthesized compounds, especially kid- 

ey TBARS levels, were significantly higher than the control group. 

herefore, it is important to investigate the pharmacokinetics of 

he compounds in future studies. It was determined that none of 

he synthesized amide derivatives showed acute toxicity at high 

oses (200 mg/kg, p.o) and did not have significant side effects 

uch as diarrhea and depression. The results suggested that the low 

I toxicity of the synthesized compounds might be related to their 

ntioxidant properties as well as their resistance to hydrolysis to 

elated NSAIDs [22] . 

It has been observed by both in vitro and in silico enzyme in- 

ibition studies that, amide derivatives synthesized have selective 

OX-2 enzyme inhibition potential, except compounds 15, 16 and 

9 . These findings showed us that amide formation altered the se- 

ectivity of the NSAIDs towards COX-2. Although the selected three 

u

9 
ompounds 11 –13 are not mutagenic in Salmonella strains TA98 

nd TA100, according to OECD guidelines further studies are re- 

uired using other Salmonella strains and also in vivo / in vitro chro- 

osomal aberration tests before coming to a final conclusion about 

he mutagenic and genotoxic potential of these compounds. Predic- 

ion of ADME profile of compounds 11 –20 showed that all of these 

ompounds are potential drug candidates with safe and improved 

harmacokinetic properties. 

. Materials and methods 

.1. Chemistry 

All solvents and reagents were obtained from commercial 

ources and used without purification. The purity of the com- 

ounds was confirmed by the thin-layer chromatography (TLC) 

erformed on Merck silica gel 60 F254 aluminum sheets (Merck, 

armstadt, Germany). The mobile phase was prepared by mix- 

ng petroleum ether: ethyl acetate (50:50, v/v). Spots were de- 

ected under UV light at λ= 254 nm All melting points ( °C, un- 

orrected) were determined using Schmelzpunktbestimmer SMP 

I basic model melting point apparatus. Elemental analyses were 

btained using Leco CHNS-932 and are consistent with the as- 

igned structures. Infrared spectra were recorded on a Shimadzu 

TIR 8400S and data are expressed in wavenumbers v̄ (cm 

−1 ). 

MR spectra were recorded on Brüker 300 Mhz Ultrashield TM at 

00 MHz for 1 H NMR and 75 MHz for 13 C NMR (Decoupled), the 

hemical shifts were expressed in δ (ppm) downfield from tetram- 

thylsilane (TMS) using DMSO- d 6 as solvent. The liquid chromato- 

raphic system consists of an Agilent technologies 1100 series in- 

trument equipped with a quaternary solvent delivery system and 

 model Agilent series G1315 A photodiode array detector. A Rheo- 

yne syringe loading sample injector with a 50 μl sample loop was 

sed for the injection of the analytes. Chromatographic data were 
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ollected and processed using Agilent ChemStation Plus software. 

he separation was performed at ambient temperature by using a 

eversed phase. Zorbax-C18 (4.0 × 250 mm, 5 μm particle size) and 

CE C18 (4.0 × 100 mm, 5 μm particle size) columns. The separa- 

ion was performed at ambient temperature by using different mo- 

ile phase systems. Solvent delivery was employed at a flow rate of 

 ml min 

−1 . Detection of the analytes was carried out at 210 nm. 

Synthesis of methyl ester derivatives of selected NSAIDs ( 1–10 ) 

Selected NSAIDs (10 mmol) were dissolved in methanol (40 ml) 

nd added d. H 2 SO 4 (1 ml), dropwise. The mixture was heated un- 

er reflux for 5 h. Then the solution was cooled and neutralized 

ith 5% NaHCO 3 solution. The crude product was drawn into the 

rganic phase by extraction with diethylether. After drying the or- 

anic phase with anhydrous sodium sulphate, ether is evaporated 

o obtain the crude product [50] . 

Methyl (2S)-2-(3-benzoylphenyl)propanoate ( 1 ) 

Yellow liquid (CAS: 81601-91-4), yield 85.3%; TLC Rf: 0.82; HPLC 

 R (min): 7.90; IR (cm 

−1 ): 1730 (C 

= O, ester), 1657 (C 

= O, ketone)

22] . 

Methyl 2-[4-(2-methylpropyl)phenyl]propanoate ( 2 ) 

Colorless liquid (CAS: 61566-34-5) [51] , yield 95.8%; TLC Rf: 

.81; HPLC t R (min): 8.34; IR (cm 

−1 ): 1740 (C 

= O, ester). 

Methyl 2-(2-fluoro[1,1 ′ -biphenyl]-4-yl)propanoate ( 3 ) 

Colorless liquid (CAS: 66202-86-6) [52] , yield 65.0%; TLC Rf: 

.78; HPLC t R (min): 7.98; IR (cm 

−1 ): 1733 (C 

= O, ester). 

Methyl (1,8-diethyl-1,3,4,9-tetrahydropyrano[3,4-b]indol-1- 

l)acetate ( 4 ) 

Yellow solid (CAS: 122188-02-7), yield 76.8%; m.p. 126–127 °C 

lit. 128–130 °C) [53] , TLC Rf: 0.87; HPLC t R (min): 11.41; IR (cm 

−1 ):

705 (C 

= O, ester). 

Methyl 2 ′ ,4 ′ -difluoro-4-hydroxy[1,1 ′ -biphenyl]-3-carboxylate ( 5 ) 

White solid (CAS: 55544-00-8), yield 80.0%; m.p. 92 °C (lit. 95–

7 °C) [54] ; TLC Rf: 0.89; HPLC t R (min): 13.59; IR (cm 

−1 ): 1702

C 

= O, ester). 

Methyl 2-(5-benzoylthiophen-2-yl)propanoate ( 6 ) 

Yellow liquid (CAS: 32990-41-3), yield 82.0%; TLC Rf: 0.80; HPLC 

 R (min): 7.38; IR (cm 

−1 ): 1708 (C 

= O, ester). 

Methyl 3-(4,5-diphenyl-1,3-oxazol-2-yl)propanoate ( 7 ) 

White solid (CAS: 26820-94-0), yield 77.0%; m.p. 61 °C (lit 56–

8 °C) [55] ; TLC Rf: 0.85; HPLC t R (min): 10.70; IR (cm 

−1 ): 1735

C 

= O, ester). 

Methyl 2-(3-benzoylphenyl)propanoate ( 8 ) 

Colorless liquid (CAS: 47087-07-0) [56] , yield 73%; TLC Rf: 0.82; 

PLC t R (min): 7.90; IR (cm 

−1 ): 1734 (C 

= O, ester), 1657 (C 

= O, ke-

one). 

Methyl 2-(6-methoxynaphthalen-2-yl)propanoate ( 9 ) 

White solid (CAS: 26159-35-3), yield 72.0%; m.p. 82 °C (lit. 88–

01 °C) [57] ; TLC Rf: 0.84; HPLC t R (min): 9.59; IR (cm 

−1 ): 1740

C 

= O, ester). 

Methyl 2-(2,3-dimethylanilino)benzoate ( 10 ) 

Gray solid (CAS: 1222–42–0), yield 80.0%; m.p. 97–98 °C (lit. 

00–102 °C) [58] ; TLC Rf: 0.74; HPLC t R (min): 7.32; IR (cm 

−1 ):

725 (C 

= O, ester). 

Synthesis of N-[1,3-dihydroxy-2-(hydroxymethyl)propan-2-yl] 

mide derivatives of selected NSAIDs ( 11 –20 ) 

A mixture of compounds 1 –10 (10 mmol), tris(hydroxymethyl) 

minomethane (TRIS) (10 mmol) and anhydrous K 2 CO 3 (10 mmol) 

n DMSO (10 ml) was heated under reflux at 40–50 °C, for 20 h. 

hen the reaction is over, the mixture was poured into ice water 

o precipitate the crude product. The crude product, washed with 

ater, was purified by crystallization from a methanol: water mix- 

ure, after drying. 

(2S)-2-(3-Benzoylphenyl)-N-[1,3-dihydroxy-2- 

hydroxymethyl)propan-2-yl]propanamide ( 11 ) 

White solid, yield 45.2%; m.p. 56 °C; TLC Rf: 0.56; HPLC t R 
min): 3.08; IR (cm 

−1 ): 3549, 3340, 3276 (N 

–H & O 

–H), 16 6 6
10 
C 

= O, ketone), 1620 (C = O, amide). 1 H NMR δ ppm (300 MHz, 

MSO-d 6 ): 1.35 (3H, d, J = 6.9 Hz , -CHC H 3 ), 3.37–3.65 (6H, m,

(C H 2 OH) 3 with DMSO peak), 3.82–3.95 (1H, q, C H CH 3 ), 4.76 (3H,

, J = 5.7 Hz , C(CH 2 O H ) 3 ), 7.41 (1H, s, -CO NH ), 7.48–7.80 (9 H,

, Ar- H ). 13 C NMR δ ppm (75 MHz, DMSO-d 6 ): 18.78 ( C H 3 ),

4.85 ( C HCH 3 ), 60.52 (C( C H 2 OH) 3 ), 62.11 ( C (CH 2 OH) 3 ), 127.94–

42.66 (Ar- C ), 174.27 (C 

= O, amide), 195.71 (C 

= O ketone). MS (EI + )

/z calcd for C 20 H 23 NO 5 [M + H] + 358.1649, found 358.1636; 

alcd. for [M] + . 357.1571, found 357.1589; calcd. for [(M + H)- 

 2 O] + 340.1543, found 340.1535. Elemental analysis, Calcd. for 

 20 H 23 NO 5 .DMSO: C, 60.67; H, 6.71; N, 3.22. Found: C, 60.17; H, 

.24; N, 3.46. 

N-[1,3-Dihydroxy-2-(hydroxymethyl)propan-2-yl]-2-[4-(2- 

ethylpropyl)phenyl]propanamide ( 12 ) 

White solid, yield 75.8%; m.p. 114 °C; TLC Rf: 0.33; HPLC t R 
min): 2.35; IR (cm 

−1 ): 3306 (N 

–H & O 

–H), 1630 (C 

= O). 1 H NMR

ppm (300 MHz, DMSO–d 6 ): 0.84 (6H, d, J = 6.6 Hz , CH(C H 3 ) 2 ),

.29 (3H, d, J = 7.2 Hz , CHC H 3 ), 1.68–1.89 (1H, m, C H (CH 3 ) 2 ), 2.38

2H, d, J = 8.7 Hz , C H 2 CH(CH 3 ) 2 ), 3.48–3.62 (6H, m, C(C H 2 OH) 3 ),

.67–3.74 (1H, q, C H CH 3 ), 4.77 (3H, t, J = 5.5 Hz , CH(CH 2 O H ) 3 ),

.08 (2H, d, J = 8.1 Hz , Ar -H ), 7.20 (1H, s, CON H ), 7.22 (2H,

, J = 8.0 Hz , Ar -H ). 13 C NMR δ ppm (75 MHz, DMSO-d 6 ):

8.78 (CH( C H 3 ) 2 ), 22.16 (CH C H 3 ), 29.57 ( C H(CH 3 ) 2 ), 44.21 ( C H 2 CH-

, 44.78 ( C HCH 3 ), 60.61 (C( C H 2 OH) 3 ), 62.03 ( C (CH 2 OH) 3 ), 125.20–

39.39 (Ar- C ), 174.99 ( C 

= O). MS (EI + ) m/z calcd for C 17 H 27 NO 4 

M] + . 309.1935, found 309.1916; calcd. for [M + H] + 310.2013, 

ound 310.2005. Elemental analysis, Calcd. for C 17 H 27 NO 4 : C, 65.99; 

, 8.80; N, 4.53. Found: C, 65.82; H, 8.68; N, 4.35. 

N-[1,3-Dihydroxy-2-(hydroxymethyl)propan-2-yl]-2-(2- 

uorobiphenyl-4-yl)propanamide ( 13 ) 

White solid, yield 55.6%; m.p. 173 °C; TLC Rf: 0.29; HPLC t R 
min): 2.27; IR (cm 

−1 ): 3312, 3246 (N 

–H & O 

–H), 1642 (C 

= O).
 H NMR δ ppm (300 MHz, DMSO-d 6 ): 1.35 (3H, d, J = 6.9 Hz ,

H CH 3 ), 3.51–3.60 (6H, m, C(C H 2 OH) 3 ), 3.81–3.88 (1H, q, C H CH 3 ),

.75 (3H, t, J = 5.7 Hz and 5.4 Hz, CH(CH 2 O H ) 3 ), 7.24 (1H,

, CON H ), 7.26–7.58 (8H, m, Ar -H ). 13 C NMR δ ppm (75 MHz,

MSO-d 6 ): 18.66 ( C H 3 ), 44.52 ( C HCH 3 ), 60.53 (C( C H 2 OH) 3 ), 62.17

 C (CH 2 OH) 3 ), 113.37–160.37 (Ar- C ), 174.11 ( C 

= O). MS (EI + ) m/z

alcd for C 19 H 22 FNO 4 [M] + . 347.1527, found 347.1508; calcd. for 

M + H] + 348.1606, found 348.1597. Elemental analysis, Calcd. for 

 19 H 22 FNO 4 : C, 65.69; H, 6.38; N, 4.03. Found: C, 64.78; H, 5.94;

, 4.09. 

N-[1,3-Dihydroxy-2-(hydroxymethyl)propan-2-yl]-2-(1,8-diethyl- 

,3,4,9-tetrahydropyrano[3,4-b]indol-1-yl)acetamide ( 14 ) 

Yellow solid, yield 60.2%; m.p. 164 °C; TLC Rf: 0.38; HPLC t R 
min): 3.75; IR (cm 

−1 ): 3393, 3333, 3254 (N 

–H & O 

–H), 1628

C 

= O). 1 H NMR δ ppm (300 MHz, DMSO-d 6 ): 0.68 (3H, t, J = 7.2 Hz

nd 7.5 Hz, CH 2 C H 3 ), 1.25 (3H, t, J = 7.5 Hz , CH 2 C H 3 ), 1.90–2.06

2H, m, –C H 2 CH 3 ), 2.49–2.91 (6H, m, –C H 2 CH 3 and pyran 

–C H 2 -),

.41–3.44 (6H, m, C(C H 2 OH) 3 ), 3.95 (2H, t, J = 5.1 Hz and 5.4 Hz, -

 H 2 CO), 4.84 (3H, t, J = 5.4 Hz and 5.7 Hz, CH(CH 2 O H ) 3 ), 6.86–6.93

2H, m, Ar- H), 7.23 (1H, d, J = 7.2 Hz , Ar- H ), 7.28 (1H, s, CON H ),

0.51 (1H, s, indole –N H- ). 13 C NMR δ ppm (75 MHz, DMSO- 

 6 ): 7.75–30.20 (aliphatic C ), 44.38, 48.57, 75.55 (heterocyclic 

 ), 60.09 (C( C H 2 OH) 3 ), 61.80 ( C (CH 2 OH) 3 ), 107.01–135.97 (Ar- C ),

70.66 ( C 

= O). MS (EI + ) m/z calcd for C 21 H 30 N 2 O 5 [M] + . 390.2149,

ound 390.2152. Elemental analysis, Calcd. for C 21 H 30 N 2 O 5 : C, 

4.59; H, 7.74; N, 7.17. Found: C, 64.33; H, 7.86; N, 7.55. 

N-[1,3-Dihydroxy-2-(hydroxymethyl)propan-2-yl]-2 ′ ,4 ′ -difluoro-4- 

ydroxybiphenyl-3-carboxamide ( 15 ) 

White solid, yield 50%; m.p. 197 °C; TLC Rf: 0.47; HPLC t R (min): 

.38; IR (cm 

−1 ): 3378, 3304, 3202 (N 

–H & O 

–H), 1624 (C 

= O).
 H NMR δ ppm (300 MHz, DMSO-d 6 ): 3.67 (6H, d, J = 5.4 Hz ,

(C H 2 OH) 3 ), 4.88 (3H, t, J = 5.4 Hz , CH(CH 2 O H ) 3 ), 7.02 1H, d,

 = 7.4 Hz, Ar- H ), 7.16 (1H, t, J = 7.4 Hz, Ar- H ), 7.35 (1H, t,

 = 10.2 Hz, Ar- H ), 7.51–7.59 (2H, m, Ar- H ), 8.05 (1H, s, Ar- H ),
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.57 (1H, s, ArO H ), 11.85 (1H, s, CON H ). 13 C NMR δ ppm (75 MHz,

MSO–d 6 ): 60.12 (CH( C H 2 OH) 3 ), 62.46 ( C H(CH 2 OH) 3 ), 104.03–

63.03 (Ar- C ), 166.13 ( C 

= O). MS (EI + ) m/z calcd for C 17 H 17 F 2 NO 5 

M] + . 353.1069, found 353.1079. Elemental analysis, Calcd. for 

 17 H 17 F 2 NO 5 : C, 57.79; H, 4.85; N, 3.96. Found: C, 58.01; H, 5.03;

, 4.00. 

2-(5-Benzoylthiophen-2-yl)-N-[1,3-dihydroxy-2- 

hydroxymethyl)propan-2-yl]propanamide ( 16 ) 

Yellow solid, yield 43%; m.p. 140–141.5 °C; TLC Rf: 0.39; HPLC t R 
min): 2.86; IR (cm 

−1 ): 3351, 3273 (N 

–H & O 

–H), 1642 (C 

= O, ke-

one), 1620 (C 

= O, amide). 1 H NMR δ ppm (300 MHz, DMSO-d 6 ): 

.70 (3H, s, CHC H 3 ), 3.48–3.59 (6H, m, C(C H 2 OH) 3 ), 4.86 (3H, t,

 = 5.4 Hz , CH(CH 2 O H ) 3 ), 7.14 (1H, s, CON H ), 7.20 (1H, d, J = 3.9 Hz ,

hiophene Ar- H ) 7.54–7.82 (7H, m, C H (CH 3 ) & Ar- H ). 13 C NMR δ
pm (75 MHz, DMSO-d 6 ): 28.61 ( C H 3 ), 59.85 (CH( C H 2 OH) 3 ), 61.00

 C H(CH 2 OH) 3 ), 75.04 ( C H), 125.32–159.67 (Ar- C ), 173.02 ( C 

= O,

mide), 187.40 ( C 

= O, ketone). MS (EI + ) m/z calcd for C 18 H 21 NO 5 S,

M-H 2 ] 
+ 361.0978, found 361.0993. Elemental analysis, Calcd. for 

 18 H 21 NO 5 S: C, 59.49; H, 5.82; N, 3.85; S, 8.82. Found: C, 57.24; H,

.75; N, 3.63; S, 8.67. 

N-[1,3-Dihydroxy-2-(hydroxymethyl)propan-2-yl]-3-(4,5-diphenyl- 

,3-oxazol-2-yl)propanamide ( 17 ) 

White solid, yield 4 8%; m.p. 14 8–14 9 °C; TLC Rf: 0.41; HPLC 

 R (min): 3.41; IR (cm 

−1 ): 3295, 3258 (N 

–H & O 

–H), 1636 (C 

= O).
 H NMR δ ppm (300 MHz, DMSO–d 6 ): 2.71 (2H, t, J = 7.2 Hz

nd 7.5 Hz , CH 2 C H 2 ), 3.05 (2H, t, J = 7.2 Hz and 7.5 Hz ,

H 2 C H 2 ), 3.54–3.56 (6H, m, C(C H 2 OH) 3 ), 4.74 (3H, s, CH(CH 2 O H ) 3 ),

.33–7.59 (11H, m, CON H & Ar- H ). 13 C NMR δ ppm (75 MHz,

MSO-d 6 ): 25.06 ( C H 2 ), 32.30 ( C H 2 ), 60.46 (CH( C H 2 OH) 3 ), 62.37

 C H(CH 2 OH) 3 ), 126.21–171.82 (Ar- C ), 174.74 ( C 

= O). MS (EI + ) m/z

alcd for C 22 H 24 N 2 O 5 [M] + . 396.1680, found 396.1673. Elemental 

nalysis, Calcd. for C 22 H 24 N 2 O 5 : C, 66.65; H, 6.10; N, 7.07. Found:

, 64.69; H, 5.82; N, 6.85. 

2-(3-Benzoylphenyl)-N-[1,3-dihydroxy-2-(hydroxymethyl)propan- 

-yl]propanamide ( 18 ) 

White solid, yield 55%; m.p. 113.4–114 °C; TLC Rf: 0.56; 

PLC t R (min): 3.08; IR (cm 

−1 ): 3460, 3212 (N 

–H & O 

–H), 1647

C 

= O, ketone), 1628 (C 

= O, amide). 1 H NMR δ ppm (300 MHz, 

MSO-d 6 ): 1.34 (3H, d, J = 6.9 Hz , CH(C H 3 )), 3.46–3.57 (6H, m,

(C H 2 OH) 3 ), 3.85–3.92 (1H, q, C H (CH 3 )), 4.70 (3H, t, J = 5.7 Hz ,

H(CH 2 O H ) 3 ), 7.36 (1H, s, CON H ), 7.48–7.71 (9H, m, Ar- H ). 13 C

MR δ ppm (75 MHz, DMSO-d 6 ): 18.78 ( C H 3 ), 44.86 ( C H), 60.52

CH( C H 2 OH) 3 ), 62.11 ( C H(CH 2 OH) 3 ), 127.95–142.66 (Ar- C ), 174.27

 C 

= O, amide), 195.71 ( C 

= O, ketone). MS (EI + ) m/z calcd for

 20 H 23 NO 5 , [M + H] + 358.1649, found 358.1661. MS (EI + ) m/z

alcd for C 20 H 23 NO 5 [M + H] + 358.1649, found 358.1638; calcd. 

or [(M + H)-H 2 O] + 340.1543, found 340.1564. Elemental analysis, 

alcd. for C 20 H 23 NO 5 : C, 67.21; H, 6.49; N, 3.92. Found: C, 66.23;

, 6.43; N, 3.89. 

N-[1,3-Dihydroxy-2-(hydroxymethyl)propan-2-yl]-2-(6- 

ethoxynaphthalen-2-yl)propanamide ( 19 ) 

White solid, yield 59%; m.p. 126 °C (lit. 126–128 °C) [59] ; TLC 

f: 0.35; HPLC t R (min): 2.87; IR (cm 

−1 ): 3314, 3233 (N 

–H & O 

–H),

622 (C 

= O). 1 H NMR δ ppm (300 MHz, DMSO-d 6 ): 1.40 (3H, d, 

 = 6.9 Hz , CH(C H 3 )), 3.47–3.56 (6H, m, C(C H 2 OH) 3 ), 3.86–3.90

4H, m, C H (CH 3 ) & OC H 3 ), 4.75 (3H, s, CH(CH 2 O H ) 3 ), 7.14 (1H,

, J = 8.7 Hz , Ar- H ), 7.27–7.28 (2H, m, CON H & Ar- H ), 7.46 (1H,

, J = 8.4 Hz , Ar- H ), 7.73–7.79 (3H, m, Ar- H ). 13 C NMR δ ppm

75 MHz, DMSO-d 6 ): 18.71 ( C H 3 ), 45.10 ( C H), 55.10 (O C H 3 ), 60.59

CH( C H 2 OH) 3 ), 62.07 ( C H(CH 2 OH) 3 ), 105.64–156.96 (Ar- C ), 174.88

 C 

= O). MS (EI + ) m/z calcd for C 18 H 23 NO 5 [M] + . 333.1571, found

33.1569; calcd for [M-H 2 O] + . 315.1465, found 315.1460. Elemental 

nalysis, Calcd. for C 18 H 23 NO 5 : C, 64.85; H, 6.95; N, 4.20. Found: C,

3.69; H, 6.69; N, 4.18. 

t

11 
N-[1,3-Dihydroxy-2-(hydroxymethyl)propan-2-yl]-2-[(2,3- 

imethylphenyl)amino]benzamide ( 20 ) 

White solid, yield 47%; m.p. 150 °C; TLC Rf: 0.49; HPLC t R (min): 

.03; IR (cm 

−1 ): 3287, 3214 (N 

–H & O 

–H), 1624 (C = O). 1 H NMR

ppm (300 MHz, DMSO-d 6 ): 2.10 (3H, s, Ar-C H 3 ), 2.27 (3H, s, Ar-

 H 3 ), 3.93 (6H, d, J = 5.7 Hz , C(C H 2 OH) 3 ), 4.74 (3H, t, J = 5.7 Hz

nd 6.0 Hz , CH(CH 2 O H ) 3 ), 6.73–6.83 (2H, m, Ar- H ), 6.90–6.94 (1H,

, Ar- H ), 7.05–7.06 (2H, m, Ar- H ), 7.24 (1H, t, J = 7.8 Hz , 7.35

1H, s, N H ), 7.55 (1H, d, J = 7.8 Hz , Ar- H ), 8.89 (1H, s, CON H ). 13 C

MR δ ppm (75 MHz, DMSO–d 6 ): 13.53 ( C H 3 ), 20.26 ( C H 3 ), 60.10

CH( C H 2 OH) 3 ), 62.59 ( C H(CH 2 OH) 3 ), 114.22–145.22 (Ar- C ), 169.56

 C 

= O). MS (EI + ) m/z calcd for C 19 H 24 N 2 O 4 [M] + . 344.1731, found

44.1731. Elemental analysis, Calcd. for C 19 H 24 N 2 O 4 : C, 66.26; H, 

.02; N, 8.13. Found: C, 66.01; H, 7.04; N, 8.31 

.2. Biological evaluation 

.2.1. In vivo pharmacological screening 

nimals. Locally bred BALB/c mice of both sexes (30–35 g) were 

urchased from the animal breeding laboratories of Inonu Univer- 

ity (Malatya, Turkey). The animals were fed a standard pellet diet 

nd water ad libitum in a temperature-controlled room. On the day 

efore the treatments, food was withdrawn, but the animals were 

llowed free access to water. The allocation of animals to differ- 

nt groups was randomized, and the experiments were carried out 

nder blind conditions. Mice used in the present study were cared 

or in accordance with the directory of the İnönü University Ani- 

al Care Unit, which applies the guidelines of the National Insti- 

utes of Health on laboratory animal welfare. Procedures involving 

nimals and their care were conducted in conformity with interna- 

ional laws and policies and animal studies accepted by İnönü Uni- 

ersity Ethical Council [Protocol No: 2014/A-45 (date: 23.05.2014) 

nd 2015/A-46 (date: 25.05.2015)]. 

For preliminary anti-inflammatory activity screening, all test 

rugs were administered to mice at doses of 100 mg/kg (body 

eight) for 4 animals in each group. For analgesic activity screen- 

ng, all test drugs were administered to mice at doses of 100 mg/kg 

body weight) for 5 animals in each group. Test compounds that 

ossessed more than a 20% inhibitory effect in any of the measure- 

ent ranges were selected for further evaluation of the activity- 

ose relationship in two different doses (50 mg/kg and 200 mg/kg) 

sing groups consisting of 5 animals in the anti-inflammatory ac- 

ivity evaluating. At the end of the anti-inflammatory activity study 

at 200 mg/kg dose), the animals were sacrificed by ether anes- 

hesia and stomach, liver and kidneys were removed to assay the 

issue lipid peroxidation (LPO), glutathione (GSH) and total thiol 

roup (TSH) levels. 

reparation of test samples for bioassay. Test samples, suspended in 

 mixture of distilled water and 0.5% sodium carboxymethyl cellu- 

ose (CMC), were given orally to the animals. The control group an- 

mals received the same experimental handling as those of the test 

roups, except that the drug treatment was replaced with appro- 

riate volumes of the dosing vehicle. Either indomethacin (INDO, 

0 mg/kg), flurbiprofen (FLU, 50 mg/kg) or acetylsalicylic acid (ASA, 

00 mg/kg) in 0.5% CMC were used as reference drugs. 

nti-inflammatory activity, carrageenan-induced oedema. For the 

etermination of the effects on carrageenan-induced paw oedema, 

he modified method of Kasahara et al. was employed [24] . One 

our after the oral administration of either test sample or dos- 

ng vehicle, each mouse was injected with a freshly prepared 

0.5 mg/25 μl) suspension of carrageenan (Sigma, St. Louis, Mis- 

ouri, U.S.A.) in physiological saline (154 mM NaCl). The subplan- 

ar tissue of the right hind paw was the injection site for all mice. 
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s the control, 25 μl saline solution was injected into the left hind 

aw. Paw oedema was measured every 90 min for 6 h after induc- 

ion of inflammation. The difference in footpad thickness between 

he right and left foot was measured with a pair of dial thickness 

auge callipers (Ozaki Co., Tokyo, Japan). Mean values of treated 

roups were compared with mean values of a control group and 

nalyzed using statistical methods. Percent inhibitory effects were 

stimated according to the following equation, where n was the 

verage difference in thickness between the left and right hind 

aw of the control group and n 

′ was that of the test group of ani-

als. 

nti − inflammatory activity ( % ) = [ ( n − n ′ ) / n ] × 100 

Indomethacin and flurbiprofen were used as reference drugs, 

dministered at 10 mg/kg and 50 mg/kg respectively. 

nalgesic activity. One hour after the oral administration of test 

amples at the dose of 100 mg/kg, each mouse was injected with 

% (w/v) acetic acid solution (0.1 ml/10 g body weight) intraperi- 

oneally. Starting 5 min after the acetic acid injection, the num- 

er of muscular contractions on mice was counted for a period 

f 10 min. A significant reduction in the number of writings by 

ny treatment as compared to control animals was considered as 

 positive analgesic response. The antinociceptive activity was ex- 

ressed as percentage change from writhing controls. Percent in- 

ibitory effects were estimated according to the following equa- 

ion, where n was the average difference in thickness between the 

eft and right hind paw of the control group and n’ was that of the

est group of animals [60] . 

 nhibition % = n − n 

′ /n × 100 

ipid peroxidation in tissues. The method was based on the for- 

ation of a red chromophore which absorbed at 532 nm, follow- 

ng the reaction of thiobarbituric acid (TBA) with malondialdehyde 

MDA) and other breakdown products of peroxidized lipids. Results 

ere expressed as TBARS (nmol/g wet weight tissue) [ 61 , 62 ]. 

etermination of non protein thiol group (NP-SH, GSH) levels. Non- 

rotein thiol group (NP-SH, GSH) levels were determined accord- 

ng to the methods employed by Sedlak and Lindsay [63] . Re- 

uced glutathione (GSH) was used as standard for calibration of 

he curve. Stock solution was provided at 2.10 −4 μmol/ml concen- 

ration. Standard solutions were prepared at 0.125, 0.25, 0.5, 1.0 

nd 2.0 × 10 −4 μmol/ml concentrations. Results were expressed as 

mol/g wet weight. 

etermination of total thiol group (T-SH) levels. Total thiol group (T- 

H) levels were determined according to the methods employed by 

edlak and Lindsay [63] . Reduced glutathione (GSH) was used as 

tandard for calibration of the curve. Stock solution was provided 

t 2.10 −4 μmol/ml concentration. Standard solutions were prepared 

t 0.125, 0.25, 0.5, 1.0 and 2.0 × 10 −4 μmol/ml concentrations. Re- 

ults were expressed as μmol/g wet weight. 

cute toxicity test. Animals employed in the carrageenan-induced 

aw oedema experiment were observed for 72 h, and the mortality 

ate was recorded for each group at the end of the observation 

eriod. 

astric ulceration studies. Only the animals that were administered 

00 mg/kg (body weight) of test samples were subjected to this 

xperimental process. Eight hours after the analgesic activity ex- 

eriment, mice under deep ether anesthesia were killed, and their 

tomachs were removed. The abdomen of each mouse was opened 

hrough great curvature and, using a dissecting microscope, was 

xamined for lesions or bleeding. 
12 
.2.2. In vitro COX-1 and −2 enzyme inhibition assay 

This kinetic study was performed using an enzyme 

mmunoassay-based ‘COX (ovine/human) Inhibitor Screening 

ssay’ kit (#560131, Cayman Chemical, Ann Arbor, MI, USA). The 

amples and control were dissolved in the DMSO and diluted with 

he reaction buffer to their final concentrations. Briefly, COX-1 or 

OX-2 enzyme, heme and tested compound were added to the 

upplied buffer solution. These solutions were incubated with 

OX-1 or COX-2 for 10 min at 37 °C. The reaction was initiated by 

he addition of 10 μL arachidonic acid (2 mM) as substrate. After 

ncubation at 37 °C for 2 min, the enzyme catalysis was stopped 

y addition of 30 μL saturated stannous chloride to produce 

rostaglandin F 2 α (PGF 2 α) in the presence of prostaglandin H 2 

PGH 2 ). The tubes were incubated a final time for five minutes 

t room temperature. The concentration of PGF 2 α was assayed by 

LISA according to the manufacturer’s instructions using FLx800 

bsorbance Microplate Reader (BioTek Instruments, Inc., Winooski, 

T, USA). The results are the means of three single experiments 

nd calculated from a standard curve after the dilution (1/40 0 0). 

C 50 values (required compound concentration causing 50% en- 

yme inhibition) were determined from six various concentrations 

ia graphic evaluation of the log regression. The selectivity against 

OX-1 was calculated by dividing the IC 50 of COX-2 by the IC 50 of 

OX-1. The statistical significance of the data was analyzed using 

tudent’s t -test (GraphPad Prism 6.01, GraphPad Software, Inc. La 

olla, CA, USA). 

.2.3. Mutagenicity studies 

Sodium azide (SA), 4-nitro-o-phenylenediamine (NPD), 2- 

minofluorene, biotin, histidine, nicotinamide adenine dinucleotide 

hosphate (NADP), glucose-6-phosphate, ampicillin trihydrate, agar 

nd dimethyl sulfoxide (DMSO) were supplied from Sigma Chemi- 

al Company (St Louis, Missouri, USA). Nutrient broth was supplied 

rom HiMedia Laboratories Ltd (Mumbai, Maharashtra, India). The 

ost-mitochondrial fraction (S9) and bacteria were purchased from 

he Moltox molecular toxicology, Inc (North Carolina, USA). 

mes mutagenicity assay. The tester strains employed were 

almonella typhimurium TA98 and TA100 which are primarily rec- 

mmended by Maron and Ames [64] for routine mutagenicity as- 

ays. TA98 detects frameshift and TA100 detects base pair mu- 

agens. Compounds 11, 12 and 13 were dissolved in DMSO and 

ifferent concentrations up to 50 0 0 μg/plate (1, 10, 100, 10 0 0 

nd 50 0 0 μg/plate) were used for mutagenicity assay according to 

ECD guideline [65] . Standard mutagenicity assay in plate incorpo- 

ation test was carried out both with and without metabolic acti- 

ation (S9 mix) by following the method of Maron and Ames [64] . 

riefly, for each plate to be treated in the absence of metabolic ac- 

ivation, a 2.0 mL of top agar was added to a sterile glass 13 mm

ulture tube; 0.05 mL aliquot of negative, positive or test chemi- 

al solution; and finally, 0.10 mL of the appropriate bacterial cul- 

ure was added to each tube. To evaluate the impact of test sam- 

le metabolites, 0.50 mL of S9 mix was added immediately prior 

o addition of bacterial culture in the experiment with metabolic 

ctivation. The tube contents were immediately vortex mixed then 

ransferred to the surface of the minimal glucose agar plates, in- 

erted and placed at 37 °C for 48 h in dark and revertant colonies 

ere counted after incubation. 

reparation of S9 fraction. The post-mitochondrial fraction (S9) 

Aroclor-1254 induced male Sprague Dawley rat liver S9) was used 

n the preparation of S9-mix as suggested by Maron and Ames 

64] . S9 fraction was activated with a combination of NADP and 

lucose-6-phosphate. 
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tatistical analysis. In mutagenicity assay, results were expressed 

s the mean of triplicates ± standard deviation. Dunnett’s multiple 

omparison test was carried out for data in Salmonella assay. The 

alue of p < 0.05 was considered statistically significant. 

.3. Molecular modeling studies 

.3.1. Preparation of ligands 

The synthesized compounds 11 –20, co-crystallized inhibitors 

2-(1,1 ′ -bifenil-4-il)propanoik asit for COX-1, Celecoxib for COX- 

) and reference ligands (Dexketoprofen, ( S) -Flurbiprofen) were 

rawn by using the Spartan 04 software [66] (SPARTAN 04, Wave- 

unction, Inc., Irvine, USA) and optimized for each compound by 

sing the semi-empirical PM3 method. For each compound, the 

ost stable conformation was selected for docking calculation and 

hese pdb files were converted to pdbqt files with The AutoDock 

ools program [67] . 

.3.2. Preparation of enzymes 

The structures of COX-1 (PDB code:1Q4G, resolution:2.0 Å) 

68] and COX-2 (PDB code:3LN1, resolution:2.4 Å) [69] were ob- 

ained from the protein data bank. The target enzymes were pre- 

ared for docking studies using the AutoDock Tools program. Each 

nzyme was cleaned by removing the water molecules and co- 

rystallized inhibitors. The charge of the Fe atom in each enzyme 

as set to + 2 manually. 

.3.3. Docking studies 

AutoDock Vina software ( http://autodock.scripps.edu ) was used 

or all docking experiments [70] . During the docking studies, we 

sed flexible ligand in rigid protein. The Vina parameter “ex- 

austiveness” was set to the value of 10, besides a grid spac- 

ng of 0.375 Å was employed for the calculation of the ener- 

etic map of both enzymes. The grid box size was determined as 

0 Å × 40 Å × 40 Å and center_ x = 26.280, center_ y = 33.911, cen-

er_ z = 202.302 dimensions were used in COX-1 enzyme (1Q4G) 

ocking studies, appropriate to the position of co-crystallized lig- 

nd. The size of binding pocket where the celecoxib ligand oc- 

upies during crystallization in the 3LN1 structure (COX-2) was 

ccepted as the active site of the enzyme and determined as 

0 Å × 40 Å × 40 Å points in x (30.518), y ( −21.298), and z

 −16.69). To validate the docking protocol, the co-crystallized in- 

ibitors were docked into COX-1 and COX-2 enzymes and the 

ocked pose was in excellent agreement with pdb pose by RMSD 

alues of 0.467 Å and 0.665 Å, respectively. 

.4. In silico prediction of molecular descriptors, admet and 

ruglikeness profile 

The current study focuses on evaluating solubility and molecu- 

ar descriptors of compounds 11 –20 , as well as their ADMET pro- 

le. All these compounds were checked for their molecular weight, 

umber of hydrogen bond donors/acceptors, number of rotatable 

onds, LogP, solubility, topological polar surface area,%ABS, etc. All 

f these data were obtained from online webserver SwissADME 

44] . 

ADMET profile such as p-glycoprotein substrate, BBB permeabil- 

ty, AMES toxicity etc. and drug-likeness properties of all synthe- 

ized compounds were performed by OSIRIS Datawarrior software 

71] besides SwissADME. 
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One of the co-authors, İrem SET is now working as the Techni- 

al Manager MS&T ESO Slovenia at Novartis, since February 2022. 

RediT authorship contribution statement 

Necla Kulaba ̧s : Investigation, Methodology, Software, Formal 

nalysis, Visualization, Validation, Writing – original draft, Writing 
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