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ABSTRACT 

N-(benzo[d]thiazol-2-yl)acetamide (S30A1) and its 6-nitro derivative (S30) 

were subjected for the analgesic potential by acetic acid induced writhing test in 

albino mice. After a dose of 100 mg/kg body weight, in the first 5 min of the 

observation these compounds showed 76% and 66% reductions in writhing 

response, respectively and in the second 5 min they offered 81% and 75% 

reductions respectively. The reference compound (diclofenac sodium), at a dose 

of 10 mg/kg, offered 76% and 91% reduction respectively in these observation 

periods. While comparing the overall writhing inhibition in 10 minutes, S30A1 

was relatively more potent (70% vs. 78% inhibition) than S30 in this study. 

Both the compounds showed promising analgesic effect in this acetic acid 

induced writhing test in mice model. Subsequently the compounds were 

subjected to in silico analysis for predicting the binding orientations as well as 

for searching the related residues in the cyclooxygenase enzyme. This analysis 

might be useful for the future medicinal chemists.  
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Introduction  

Pain is a very common symptom of diversified diseases, though can be of very mild to very 

severe intensity (Kaplancikli et al. 2012). Based on the duration, pain can be acute in nature, 

transitional or chronic depending upon the nature of the associated disease. No matter about the 

type of pain, analgesic agents are more or less prescribed generally as this symptom is usually a 

strongly unpleasant sensory as well as emotional experience resulting from damages of tissues in 

the body (Fong et al. 2014 and Kaplancikli et al. 2012). The available analgesics include various 

types of non-steroidal anti-inflammatory drugs (NSAIDs), antiepileptic drugs, amine reuptake 

inhibitors and opioids. With the various modes of actions, these drugs show varying levels of 

analgesic actions. Along with these limitations, these drugs have been claimed to result in many 

                                                 
*
Correspondence:  sukumarsb@yahoo.com 

Jagannath University Journal of Life and Earth Sciences, 7(1): 43-49  pISSN 2414-1402, eISSN 2791-1845 

http://www.northsouth.edu/faculty-members/shls/pharmacy/manik-chandra-shill.html


44 Bepary et al. 
 

adverse effects (Yekkirala et al. 2017), including gastrointestinal ulceration and cardiovascular 

abnormalities. Thus, the development of novel analgesics with better efficacy and lower adverse 

effects is always under consideration of the medicinal chemists worldwide. 

Though agents with diversified chemistry are now in clinical practice for managing pain and 

inflammation, N-(4-hydroxyphenyl)acetamide (also called paracetamol or acetaminophen or 4-

Acetamidophenol) is still the only drug where the clinical practitioners depend on for the 

required analgesic and antipyretic activities. Unlike most of the analgesic anti-inflammatory 

agents, this agent contains acetamide group instead of acid or acidic moiety. Thus, the acetamide 

derivative was taken under consideration (as shown below).  

 

Though various methods are commonly applied for observing the analgesic activity, the acetic 

acid induced writhing test (Eswayah et al. 2017) was adopted for this study with minor 

modifications. 

Materials and Methods 

Test compounds 

Test compounds reported (Balijapalli et al. 2017, Zhilitskaya et al. 2012) earlier have been 

synthesized and structures were confirmed by characterization using 
1
H NMR and HRMS. 

Observation of the analgesic activity 

Male Albino mice of body weight ranging 40-53 gm were subjected to this study. Each group 

consisting of 4 animals were taken as the experimental groups. The animals were kept separately 

in the mice cages. Standard commercially available food pallet was provided as the diet. The 

water was made available ad libitum. Room temperature (20-25°C) along with 12 hours of 

dark/light cycle were ensured for the experimental animals. The test drugs were suspended in 1% 

w/v carboxymethylcellulose. Test drugs were given intraperitoneally at the dose of 100 mg/kg 

whereas the control group was given the vehicle only. About 30 minutes after the drug 

administration, the treatment groups were injected intraperitoneally with 0.1 mL of 7% acetic 

acid and subsequently the number of writhings was observed for two time periods of 5 minutes 

each (0-5 min and 6-10 min). Generated data were analyzed statistically using the MS Excel 

program where the Average value, Standard Deviation (SD), Standard Error of Mean (SEM) and 

p values were counted.   

The percentage inhibition of writhings was calculated by the following equation –  

                        
         (       )            (    )

         (       )
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Docking analysis 

The compounds were docked into the reported binding site of cyclooxygenase-2 enzyme. The 

enzyme protein Data Bank (PDB ID: 1CX2) file was collected from internet (Kurumbail et al. 

1996). The original PDB was having the compound, SC-558, docked into the binding site of the 

enzyme. So, the receptor PDB was processed for subsequent docking studies by removing this 

ligand. 

For preparing the ligands, the 3D structures of the compounds were taken by using Chemdraw 

and then were converted to PDBQT files by using the Autodock Tools (ADT). These resultant 

PDBQT files were then docked into the receptor PDBQT by using Autodock Vina (Trott et al. 

1996). The output PDBQT files were viewed by using PyMOL. The lowest energy binding 

modes were taken for the subsequent interaction analysis.  

Results and Discussion 

Spectral data of the synthesized compounds 
1
H NMR data of N-(6-nitrobenzo[d]thiazol-2-yl)acetamide (S30): (400 MHz, DMSO-d6) δ 

12.75 (s, 1H), 9.03 (s, 1H), 8.26 (d, J = 8.8 Hz, 1H), 7.87 (d, J = 8.8 Hz, 1 H), 2.25 (s, 3 H). 

HRMS: (ESI) m/z 237.9 [M+H]
+
, (Calculated for C9H7N3O3SH

+
 238.0286). 

1
H NMR spectrum of N-(6-nitrobenzo[d]thiazol-2-yl)acetamide (S30): 

 
1
H NMR data of N-(benzo[d]thiazol-2-yl)acetamide (S30A1): (400 MHz, DMSO-d6) δ 12.32 (s, 

1H), 7.95 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.42 (t, J = 7.60 Hz, 1 H), 7.29 (t, J = 

7.60 Hz, 1H), 2.19 (s, 3 H). HRMS: (ESI) m/z 193.0 [M+H]
+
 (Calculated for 

C9H8N2OSH+ 193.0436). 
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1
H NMR spectrum of N-(benzo[d]thiazol-2-yl)acetamide (S30A1): 

 

Analgesic activity  

The compounds (S30A1 and S30) were observed for the analgesic property by using the in vivo 

methods. In this method, the inhibitory power of the compounds against the acetic acid induced 

writhing was observed comparing with the standard. After applying 100 mg/kg doses of the test 

compounds and 10 mg/kg of diclofenac sodium, a comparison was made between the test 

compound and reference (Table 1). 

Table 1. Number of writhings as observed from various treatment groups. 

Treatment 
Number of Writhing (± SEM) 

0-5 min 6-10 min Total 

Control 21 ± 2.3 (σ=4.5) 19 ± 1.8 (σ=3.7) 40 ± 3.7 (σ=7.3)  

S30 (100 mg/kg) 7 ± 1.4 (σ=2.7) 5 ± 0.9 (σ=1.9) 12 ± 1.9 (σ=3.8)* 

S30A1 (100 mg/kg) 5 ± 0.7 (σ=1.4) 4 ± 0.9 (σ=1.7) 9 ± 1.5 (σ=3.0)** 

Diclofenac sodium (10 mg/kg) 5 ± 0.6 (σ=1.3) 2 ± 0.3 (σ=0.5) 6 ± 0.9 (σ=1.7)*** 

One-way ANOVA (as compared to Control, n=4): 

*F = 98, P < 0.05; **F = 192, P < 0.01; ***F = 83, P <0.01.  

As shown in Table 1, compound S30A1 was interesting since the inhibition was very close to 

that of diclofenac sodium. The control showed 21 writhings in the first 5 min, whereas, S30 and 
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S30A1 showed writhings 7 and 5 times, respectively. The test compounds reduced the writhings 

by 66% and 76%, respectively, where the reference compound offered 76% reduction. Though 

both the compounds were very promising as the analgesic scaffold, S30A1 was relatively more 

potent. 

 

Graph 1. Percentage of inhibition of writhings offered by various test groups 

 

 

Fig. 1.  Orientation of N-(benzo[d]thiazol-2-yl)acetamides (S30 and S30A1) in the COX2 

enzyme binding pocket (two different views). 

Similarly in the last 5 minutes, the control group showed a total of 19 writhings, whereas, S30 

and S30A1 showed the writhings 5 and 4 times respectively (Graph 1) thereby offering 75% and 
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81% reduction in pain. The reference, at a dose of 10 mg/kg, offered 91% reduction in writhing. 

While comparing the overall inhibition of writhing in first 10 min, S30A1 was found to be 

relatively more potent than S30. Thus, 6-nitro group might have significant roles affecting the 

binding mode when compared to that of corresponding unsubstituted derivative. 

In silico analysis for the binding pattern 

Docking analysis was performed by using the Autodock Vina application software reported by 

The Scriffs Research Institute. From the various modes were observed in the output PDBQT 

files the lowest energy modes were taken for binding potential prediction. Polarity of the binding 

sites, of space availability and interaction possibilities have been analyzed for making the logical 

inference. 

While comparing the lowest energy modes of the N-(benzo[d]thiazol-2-yl)acetamide derivatives 

(S30 and S30A1) in the binding pocket of the cyclooxygenase-2 enzyme, the compounds had 

similar orientations as shown in Fig. 1. The aromatic rings were projected to G2 surrounded by 

TRP-387, MET-522, TYR-385, VAL-523 and SER-530. As shown in the figures, because of the 

presence of 6-nitro group, compound S30 was pushed to gap G1 neighbored by TYR-355 and 

ARG-120 thereby leading to decreased interaction in the gap G2.  

The polar residues in G1 might have shown significant role in pulling the polar acetamides of the 

compounds S30 and S30A1 to the G1 gap simply because of their capability of forming 

hydrogen bonds or other polar interactions with the ligand. Thus, addition of small non-polar 

groups or substituents on the benzene ring may have additional non-polar interactions in the gap 

G1. 

However, there is larger space (Fig. 1) in the gap G1 having neighbored by non-polar residues 

like LEU-93, ILE-112, PHE-357 and LEU-359, which are non-polar in nature and thus providing 

the capacities of forming non-polar interactions. Accordingly, it becomes obvious that the 

acetamide group can be substituted with longer chains having non-polar ends. These 

observations can be exploited for further development of this scaffold in future.    

Conclusion 

While considering the biological activities, the compounds had excellent analgesic property as 

observed from the writhing test in mice model. Subsequent in silico analysis has revealed 

interesting orientation in the binding site of the cyclooxygenase enzyme. This biological 

property of this scaffold might be considered for further modification for developing new 

analgesic compounds for treating billions of patients worldwide. 
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