
Uzma Salar et al.,     J.Chem.Soc.Pak., Vol. 39, No. 04, 2017 

 

578 

Anti-inflammatory Activity of 3-Thiazolyl Coumarins 
 

1Uzma Salar, 1Khalid Mohammed Khan*, 2Almas Jabeen, 1Bakhtawar, 2Aisha Faheem, 3Muhammad Taha, 
1Farman Ali, 1Shazia Syed, 1Kanwal, 1Syed Moazzam Haider, and 4Shahnaz Perveen 

1H. E. J. Research Institute of Chemistry, International Center for Chemical and Biological Sciences, 

University of Karachi, Karachi-75270, Pakistan. 
2Dr. Panjwani Center for Molecular Medicine and Drug Research, International Center for Chemical and 

Biological Sciences, University of Karachi, Karachi-75270, Pakistan. 
3Department of Clinical Pharmacy, Institute for Research and Medical Consultations (IRMC), 

Imam Abdulrahman Bin Faisal University, P.O. Box 31441, Dammam, Saudi Arabia. 
4PCSIR Laboratories Complex, Karachi, Shahrah-e-Dr. Salimuzzaman Siddiqui, Karachi-75280, Pakistan. 

Khalid.khan@iccs.edu* 

 
(Received on 1st January 2016, accepted in revised form 23rd August 2017) 

 
Summary: 3-Thiazolyl coumarins 1-33 along with coumarin scaffold (IC50 = 5.2 ± 0.2 µg/mL) were 

evaluated for in vitro antiinflammatory activity. Activity of compounds was investigated by looking 
their influence on oxidative burst activity of zymosan stimulated whole blood phagocytes by using a 

luminol enhanced chemiluminescence technique. Ibuprofen was used as standard drug (IC50 = 54.2 ± 

9.2 µM). Four 3-thiazolyl coumarin derivatives 9 (IC50 = 31.0 ± 2.5 µg/mL), 13 (IC50 = 27.1 ± 4.2 
µg/mL), 18 (IC50 = 5.6 ± 2.6 µg/mL), and 29 (IC50 = 1.9 ± 1.0 µg/mL) out of thirty-three 

demonstrated antiinflammatory activity as compared to the standard ibuprofen (IC50 = 11.2 ± 1.9 
µg/mL). Especially, compound 29 showed many folds better activity as compared to coumarin and 

standard ibuprofen. Structure-activity relationship was also established. It is worth-mentioning that 

active analogs 9, 13, 18, and 29 were found to be non-toxic on NIH-3T3 mouse fibroblast cell line. 
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Introduction 

 

Coumarin is an important class of 

heterocyclic compounds and reported to exhibit 

diversified pharmacological activities with less 

toxicity. A continuous and increased attention of 

medicinal chemists is observed due to their beneficial 

effects on human health [1, 2]. Being a privileged 

scaffold, coumarins are reported to have bioactivities 

such as anticoagulant [3], anti-HIV [4, 5], antioxidant 

[6, 7], antibacterial [8], antiinflammatory [9, 10], 

anticancer [11], and dyslipidemic [12] activities. 

Among these properties, cytotoxic effects were most 

extensively examined [13, 14]. Coumarin derivatives 

were also reported as lipid-lowering agents [15], 

triplet sensitizers [16], vasorelaxant [17], free radical 

scavengers, and lipid peroxidation inhibitors [18]. 

 

Thiazole is associated with noteworthy 

medicinal importance due to its potential as antiviral 

[19], pesticidal [20], antiinflammatory [21], 

antitumor [22], antituberculosis [23], and enzyme 

inhibitory activities [24]. They have also been 

reported to have broad application in the cure of 

allergies [25], hypertension [26], and schizophrenia 

[27]. Likewise, thiazole substituted coumarin nucleus 

showed potential pharmacological activities [28] such 

as anticancer, antimicrobial [29], anticonvulsant [30], 

anti-inflammatory, and analgesic activities [31]. 

 

Phagocytic cells usually involve in the first 

line defense by the immune system in response to 

acute microbial diseases and leads to inflammation 

[32]. Hereditary defects of these phagocytic cells 

produce infections such as chemotaxis on sites of 

inflammation in different pathologic processes [33]. 

In inflammatory process, neutrophils go through a 

process of respiratory burst which results in increased 

consumption of oxygen then undergoes reduction via 

NADPH oxidase to superoxide anion and harmful 

reactive oxygen species (ROS). Superoxide 

dismutase (SOD) catalyzes the reaction of O2 

molecules to form harmful hydrogen peroxide, 

dioxygen and hydroxyl radical (OH•) [34]. ROS are 

the basis of different pathologies and needs to inhibit 

this chronic inflammation in patients of pathetic 

immune system [35-37]. Non-steroidal 

antiinflammatory drugs (NSAIDs) such as aspirin, 

ibuprofen, flufenamic acid, indomethacin, and 

phenylbutazone, are extensively used to treat most of 

the inflammatory disorders [38-40], however, long 

term usage leads to various side effects such as 

nephrotoxicity, gastric ulceration, and bleeding. 

According to literature, NSAIDs may play an 

important part to prevent reactive oxygen species 

mediated damage [41]. Most of the NSAIDs e.g. 

aspirin, indomethacin, phenylbutazone, ibuprofen, 

and flufenamic acid are acidic in nature have pKa 
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values in the range of 3.5-5.5 [42]. The acidic nature 

which is the main cause of adverse side effects 

associated with these marketed drugs have prompted 

us to work on non-acidic pharmacophore in search of 

better antiinflammatory agent with less or no side 

effects. 

 

Many heterocyclic compounds have 

previously been reported to demonstrate 

antiinflammatory activity [42-47], as well as natural 

and synthetic coumarins were also found to scavenge 

reactive oxygen species [36, 37]. On the basis of all 

evidences, we decided to screen series of coumarins 

1-33 incorporated with thiazole ring to check their 

anti-inflammatory activity. Thus, this study reports 

the in vitro anti-inflammatory activities of 3-thiazolyl 

coumarins 1-33. All the synthetic compounds gave 

satisfactory results in physico-chemical analyses. 

 

Experimental 

 

Oxidative Burst Assay 

 

Luminol-enhanced chemiluminescence 

assay was carried out as reported by Helfand et. al. 

[48]. Concisely, diluted whole blood in HBSS++ 

(Hanks Balanced Salt Solution, containing MgCl2 

and CaCl2) from healthy human volunteer (25 µL) 

was incubated with three different concentrations (1, 

10 and 100 µg/mL) of compounds (25 µL), each in 

triplicate. Control wells contained HBSS++ and cells, 

but no compounds. Test was carried out in white half 

area of 96 well plates which was also incubated in the 

thermostat chamber of luminometer at 37 ºC for 15 

minutes. After incubation, serum opsonized zymosan 

(25 µL) and intracellular reactive oxygen species 

detecting probe (25 µL), luminol were added into 

each well, except blank wells containing only 

HBSS++. The level of ROS was recorded in 

luminometer, in terms of relative light units (RLU). 

Ibuprofen was used as standard. 

 

MTT Cytotoxicity assay 

 

Cytotoxicity of 3-thiazolyl coumarins on 

NIH-3T3 fibroblast cells (ATCC, Manassas, USA) 

was screened by using the standard MTT colorimetric 

assay [49]. Briefly, 100 μL of 5 × 104 cells/mL in 

DMEM supplemented with 10% FBS were plated 

into 96-wells flat bottom plate and incubated 

overnight at 37 ºC in 5% CO2. Three different 

concentrations of test compound (1, 10 and 100 

µg/mL) were added to the plate in triplicates and 

incubated for 48 h. 50 µL of 0.5 mg/mL MTT was 

added to each well and plate was then further 

incubated for 4 hours. MTT was aspirated and 100 

µL of DMSO was then added to each well. The 

extent of MTT reduction to formazan within cells 

was calculated by measuring the absorbance at 540 

nm, using spectrophotometer (Spectra Max plus, 

Molecular Devices, CA, USA). The cytotoxic activity 

was recorded as concentration causing 50% growth 

inhibition (IC50) for 3T3 cells. 

 

Results and Discussion 

 

In Vitro Antiinflammatory Activity 

 

3-Thiazolyl coumarins 1-33 along with 

simple coumarin scaffold (IC50 = 5.2 ± 0.2 µg/mL) 

were evaluated for in vitro antiinflammatory activity 

in whole blood oxidative burst assay. Four 3-thiazoly 

coumarin derivatives 9 (IC50 = 31.0 ± 2.5 µg/mL), 13 

(IC50 = 27.1 ± 4.2 µg/mL), 18 (IC50 = 5.6 ± 2.6 

µg/mL), and 29 (IC50 = 1.9 ± 1.0 µg/mL), out of 

thirty-three, displayed good activity when compared 

to the standard ibuprofen (IC50 = 11.2 ± 1.9 µg/mL) 

(Table-1). All active compounds 9, 13, 18, and 29 

were found to be non-toxic when tested on NIH-3T3 

mouse fibroblast cell line. 

 

 
 

Fig. 1: In vitro antiinflammatory activity of 

ibuprofen and coumarin 

 

Structure-Activity Relationship (SAR) 

 

Limited SAR proposed that different 

substitutions at ring R responsible for the varying 

activities. Compound 29 (IC50 = 1.9 ± 1.0 µg/mL) 

having indole ring as R, was found to be the most 

potent compound of this library which indicated that 

indole ring is important for the excellent activity. It is 

worth-noting that compound 29 was found to be 

many folds active than coumarin scaffold (IC50 = 5.2 

± 0.2 µg/mL). Compound 18 (IC50 = 5.6 ± 2.6 

µg/mL) was found to be the second most potent 

compound and have 3-OMe and 4-OH groups at ring 

R, demonstrated two-fold better activity than the 

standard as well as comparable activity to coumarin 

ring (IC50 = 5.2 ± 0.2 µg/mL) (Figure-2). 

.
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Table-1: In Vitro Antiinflammatory Activity of Thiazolyl Coumarin Derivatives and Coumarin Scaffold 1-33. 

 

 
 

Compounds R IC50 ± SDa Compounds R IC50 ± SDa 

1 

 

NAb 19 

 

NAb 

2 

 

NAb 20 

 

NAb 

3 

 

NAb 21 

 

NAb 

4 

 

NAb 22 

 

NAb 

5 

 

NAb 23 

 

NAb 

6 

 

NAb 24 

 

NAb 

7 

 

NAb 25 

 

NAb 

8 

 

NAb 26 

 

NAb 

9 

 

31.0 ± 2.5 27 

 

NAb 

10 

 

NAb 28 

 

NAb 
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11 

 

NAb 29 

 

1.9 ± 1.0 

12 

 

NAb 30 

 

NAb 

13 

 

27.1 ± 4.2 31 

 

NAb 

14 

 

NAb 32 

 

NAb 

15 

 

NAb 33 

 

NAb 

16 

 

NAb Coumarin 

 

5.2 ± 0.2 

17 

 

NAb 

Standardc = Ibuprofen 11.2 ± 1.9 

18 

 

5.6 ± 2.6 

IC50
a
 (Mean ± Standard Deviation); NAb (Not Active); Standardc (Inhibitor for antiinflammatory activity). 

 

 

Fig. 2: Structure-activity relationship of compounds 18 and 29. 
 

Comparison of activity of compound 18 

(IC50 = 5.6 ± 2.6 µg/mL) with structurally similar 

analogs such as 2 and 5 which have the acetylated 

and benzylated hydroxy group at para position of 

ring R, loss of activity observed as shown in Figure-

3. Similarly, compounds 11 and 15, those have 

bromo and chloro, respectively, instead of methoxy at 

meta position, also showed no antiinflammatory 

activity. It demonstrated that methoxy group at meta 

and hydroxy at para position played their role in the 

activity (Figure-3). 
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Compounds 9 (IC50 = 31.0 ± 2.5 µg/mL) having 

substitution of OMe group at positions 3 and 4 of 

ring R, displayed good activity. On comparison of its 

activity with structurally similar analogs such as 3 

and 5 which have benzyloxy group instead of one of 

the methoxy group showed no activity. Similarly 

compound 20 which only lacks one methoxy group 

also found to be not active (Figure-4). 

 

 
 

Fig. 3: Structure-activity relationship of compounds 2, 5, 11, and 15. 

 

 

Fig. 4: Structure-activity relationship of compounds 3, 5, 9, and 20. 
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Fig. 5: Structure-activity relationship of compounds 13 and 14 

 

Compound 13 (IC50 = 27.1 ± 4.2 µg/mL) 

also showed good activity and have OEt and OMe 

substitution at positions 2 and 3, respectively. 

Switching the position of methoxy with ethoxy 

substituents brought the complete loss of activity 

(Figure-5 

 

On the basis of limited SAR, it was found 

that all three compounds 9, 13, and 18 possess OMe 

at position 3 of ring R. It showed that OMe 

substitution at 3 position of ring R played an 

important part in the antiinflammatory activity. 

 

Conclusion 

 

Conclusively, 3-thizolylcoumarins 1-33 

were synthesized and evaluated for in vitro 

antiinflammatory activity. Analogs 9, 13, 18, and 29 

were showed good antiinflammatory potential when 

compared with the standard ibuprofen (IC50 = 11.2 ± 

1.9 µg/mL) and also found to be non-toxic on NIH-

3T3 mouse fibroblast cell line. Analogs 18 (IC50 = 

5.6 ± 2.6 µg/mL) and 29 (IC50 = 1.9 ± 1.0 µg/mL) 

were found to be the most potent analogs and can 

serve as lead compounds for future research. 
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