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Abstract : Three different benzothiazole derivatives have been synthesized and then were subjected to biological 

evaluation for the cytotoxicity study against human carcinoma cell line LungA549 by using in vitro 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) cytotoxicity assay. These compounds 

included N-(6-nitrobenzo[d]thiazol-2-yl)acetamide (A), N-(benzo[d]thiazol-2-yl)acetamide (B) and 6-

nitrobenzo[d]thiazol-2-ol (C). In this study, compound A and compound C showed mild but interesting 

cytotoxic property against the carcinoma cell lines especially in 40 μg/mL dose with the IC50 values of 68 

μg/mL and 121 μg/mL, respectively.  
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1.  Introduction 

Cancer is a major killer worldwide and now-a-days is 

a strong challenge to the medicinal chemists. More than 

19 million cancer patients have been diagnosed worldwide 

in 2020 and almost 10 million cancer deaths have been 

reported by this time. In these malignant diseases, the 

dividing cells grow uncontrollably thereby leading to 

increased consumption of energy and defected cell 

functions through inadequate differentiation (Foye et al., 

2008; Hyuna et al., 2021 and Zhu et al. 2017). These 

malignancies are most prevalent in lungs, breasts, 

prostrates and colon. While considering the cancer 

associated deaths, the first one is breast cancer (11.7%) 

followed by lung cancer (11.4%). The other major deaths 

are from colorectal cancer (10.0%), prostate cancer 

(7.3%) and stomach cancers (5.6%).  

Diversified anticancer drugs are available for treating the 

various types of cancer patients. These drugs act either by 

killing the cancer cells or by affecting their metabolic 

functions and are often associated with cytotoxicity as 

well as genotoxicity to the normal cells leading to a lot of 

adverse effects to human body. Additionally, there are 

reports that the anticancer drugs become resistant with 

time (Aydemir et al., 2003 and Pranika et al., 2016). 

Although numerous researchers have put their efforts to 

predict the cancer pathophysiology and early detection of 

cancer, they could not reduce the overall mortality rates 

(Mallath et al., 2014). Obviously, because of the 

complexity of the robust biological networks, cancer cells 

proceed with metastasis and irreversible resistance to 

apoptotic signals (Rashid et al., 2012 and Nagula et al. 

2019). As a result, there are continuous searches for 

discovering safer anti-cancer agents. 

Heterocyclic compounds are of particular interest because 

of their capacity of forming the polar interactions in the 

binding site of the receptors. Accordingly, benzothiazole 

derivatives have been attracted by a lot of medicinal 

chemists for their drug discovery projects (Chatrabhuji et 
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al., 2010 and Londhe et al., 2010). These properties have 

been correlated to diversified biological activities as 

reported in various journals (Evindar et al., 2006; Tang et 

al., 2003; Malik et al., 2010; Priyanka et al., 2010; Muttu 

et al., 2010 and Prabodh et al., 2013). Considering these 

encouraging facts, benzothiazole derivatives have been 

considered for this study.  

 

However, though diversified activities of benzothiazole 

derivatives have been reported in published journals, the 

cell cytotoxicity of benzothiazole derivatives (A, B and C) 

against the human carcinoma cell line LungA549 has not 

been reported so far. So, as per the initial focus point, 

these compounds have been considered for the 

cytotoxicity study by using in vitro 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide 

(MTT) cytotoxicity assay and the observations have been 

reported here.  
 

2. Materials and Methods 

2.1. Test compound preparation 

2.1.1. Synthesis of the test compounds 

The targeted compounds, as shown in Scheme 1, were 

synthesized from respective 2-aminobenzothiazoles in 

research laboratory (Bepary et al., 2021) of the 

Department of Pharmacy, Jagannath University. After 

synthesis, the compounds were characterized before 

taking for the biological evaluation.  

 

Scheme 1: Synthesis of N-(benzo[d]thiazol-2-yl) 

acetamides 
 

2.1.2 Characterization of the synthesized compounds 

Compounds were characterized by using the 
1
H NMR by 

using Bruker 400 MHz NMR spectroscopy available in 

the Bangladesh Council of Scientific and Industrial 

Research (BCSIR). HRMS data was taken from Japan by 

using ion mode FAB+ and acetone as solvent. 
 

2.2. In vitro study on cell line 

Evaluation of cytotoxicity of pure compounds  

Cytotoxic activity was studied against Human Lung 

Cancer cell line, LungA549, UK, using slight 

modification of the Trypan Blue Exclusion Method 

(Strober et al., 2001; Wilson et al., 2015; Khan et al., 

2018; and Md et al., 2020). Cells were cultivated in 75 

cm
2
 flasks in 5% (v/v) CO2 at 37°C with media described 

at Khan et al, 2018. According to the study design, cells 

were grouped into four with three replica for each 

concentration level. Treatment groups were evaluated 

with vehicle group against Human Lung Cancer cells 

split the day before experiments. The freshly prepared 

doses (5, 10, 20 and 40 μg/mL) were administered into 1 

day before cultured T-flasks with approximately 2.5×10
6
 

cells. Negative control corresponds to the cells cultured in 

medium having 0.6% DMSO. After 24 h of incubation 

period, the cells were harvested using 0.5% trypsin. The 

number of dead cells was calculated by automated cell 

counter (LUNA-II™, South Korea, Berry et al., 1991) 

using trypan blue (0.4% w/v). Percentage of dead cells 

was calculated following the mathematical formula: 

Percentage of dead cells =  

(Number of dead cells)/ (Total number of cells)×100 
 

2.3. Statistical Analysis 

For antiproliferative assay, inhibition percentage at each 

concentration was compared with negative control and 

their statistical significance was tested with the one-way 

analysis of variance (ANOVA) followed by Dunnett's 

multiple comparisons test using GraphPad Prism version 

9.00 for Windows, GraphPad Software. P values of less 

than 0.05 were considered statistically significant. 
 

3. Results and Discussion 

3.1. Characterization data of synthesized compounds 

N-(6-nitrobenzo[d]thiazol-2-yl) acetamide (A) 
1
H NMR: (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, 1H), 

2.25 (s, 3H).  

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

for C9H7N3O3SH+ 238.0286). 

N-(benzo[d]thiazol-2-yl)acetamide (B): 
1
H NMR: (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, 1H), 7.29 (t, J = 7.60 Hz, 1H), 2.19 (s, 3H).  

HRMS: (ESI) Observed m/z 193.0 [M+H]+ (Calculated 

for C9H8N2OSH+ 193.0436).  

6-nitrobenzo[d]thiazol-2-ol (C): 
1
H NMR: (400 MHz, DMSO-d6) δ 12.56 (s, 1H), 8.62 (m, 

1H), 8.16 (m, 1H), 7.26 (m, 1H).  

HRMS: (ESI) Observed m/z 197.0 [M+H]
+
 (Calculated 

for C7H4N2O3SH+ 195.9943).  

3.2. Cell Viability Using MTT Assay 

For observation of the cell viability from A in the MTT 

Assay method, four different doses (5 μg/mL, 10 μg/mL, 

20 μg/mL and 40 μg/mL) were applied. Thus the applied 
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concentrations were 0.02-0.20 μM/mL for the test 

compounds. All the comparisons were made with the 

blank where only the vehicle was applied. From each dose 

group the average values were taken for subsequent 

analysis. For making the inference from the experiments, 

numbers of viable cells were counted and then the cell 

viability was calculated. As shown in Figure 1, when 

applied compound A, cell viability was very high in lower 

doses (5, 10 and 20 μg/mL), but there was a clear 

reduction in cell viability (79%) when applied 40 μg/mL 

doses (Graph 1&2). But after application of compound B, 

no visible reduction in cell viability was observed even 

from the highest dose (Graph 1).  
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Figure 1: Cell cytotoxicity observed from various doses 

of A, B and C 

 

Graph 1: Dose-dependent inhibition of Lung A549 Cell 

 

Graph 2:  Cell viability after application of A 

 

Graph 3:  IC50 values calculated for A and C 

But the results were much better in case of compound C, 

whereas, the cell viability was reduced to 63% after 

application of 40 μg/mL dose (Graph 1&2). Thus there 

was a clear dose response relationship achieved after 

application of compound A and compound C as shown in 

Graphs 1&2 in Figure 1. 

Finally the viability data obtained from compounds A and 

C were utilized for calculation of IC50 values. For this 

purpose, trend lines were generated first and then were 

extrapolated to get the values necessary for 50% 

inhibition (Graph 3).  

5. Conclusions 

Among the three benzothiazoles studied in this study, 

compound A and compound C offered mild but 

interesting dose-dependent reduction of the lung cancer 

cell line (Lung A549). Between these two derivatives, the 

2-hydroxybenzothiazole was found to be more potent 

especially in higher dose. Thus it appears that the scaffold 

bears a potential as a pharmacophore for inhibiting the 

cancer cells. These compounds should be further 

derivatized for further exploration of the lead compound 

in this series. Even these could better be tested for any 

other cell line available for these types of assay to make 

further comprehensive inferences. 

60

70

80

90

100

110

A

B

C

99 96 93 
79 

103 98 94 

63 

5 10 20 40

A C

68 

121 

0

50

100

150

A C

IC
5

0
 v

al
u
es

 (
μ

g
/m

L
) 

Dose (μg/mL)   5            10          20           40 

C
el

l 
v

ia
b

il
it

y
 (

%
) 

Concentration (μg/mL) 

V
ia

b
le

 c
el

l 
co

u
n
t 



78 Benzothiazole derivatives are cytotoxic to LungA549 cells 

6. Acknowledgements 

We are thankful to Jagannath University and the 

University Grants Commission of Bangladesh for 

providing the required laboratory facilities and necessary 

complementary financial supports for this project.  

Conflict of interest 

Authors have no conflict of interest. 

References 

Aydemir N and Bilaloğlu R. (2003). Genotoxicity of two 

anticancer drugs, gemcitabine and topotecan, in mouse 

bone marrow in vivo. Mutation Research/Genetic. 

Toxicology and Environmental Mutagenesis. 537(1): 43-

51. 

Bepary S, Biswas BK, Ghosh P, Haque MA, De TQ. (2021). 

N-acetylation of 2-aminobenzothiazoles with Acetic 

Acid for Evaluation of Antifungal Activity and In Silico 

Analysis. Journal of Molecular Docking. 1(2): 78-83. 

Berry MN, Barritt GJ, Edwards AM. (1991). Isolated 

hepatocytes: preparation, properties and applications. 

New York: Elsevier Science. 

Chatrabhuji PM, Nimavat KS, Vyas KB, Undavia NK. 

(2010). Synthesis and antimicrobial activity of some 2-

aryl-3-[(4-methyl cinnamoyl amino)-4-oxo-thiazolidines 

with synthesis and antimicrobial activity of some 2(4-

hydroxyphenyl)-3-[(4-methyl cinnamoyl amino)-4-oxo-

thiazolidines. RJPBCS. 1: 451–455.  

Evindar G, Batey RA. (2006). Parallel synthesis of a library 

of benzoxazoles and benzothiazoles using ligand-accele 

rated coppercatalyzed cyclizations of ortho-

halobenzanilides. J Org Chem. 71: 1802–1808.  

Foye W, Lemke T and Williams D. (2008). Foye's principles 

of medicinal chemistry. Philadelphia: Lippincott 

Williams & Wilkins. p.1199.  

Hyuna S, Jacques F, Rebecca LS, Mathieu L, Isabelle S, 

Ahmedin J, Bray F. (2021). Global Cancer Statistics 

2020: GLOBOCAN Estimates of Incidence and 

Mortality Worldwide for 36 Cancers in 185 Countries. 

Ca Cancer J Clin.; 71: 209–249. 

Khan N, Afroz F, Begum MN, Rony SR, Sharmin S, 

Moni F, Hasan CM, Shaha K, Sohrab MH. (2018). 

Endophytic Fusarium solani: a rich source of 

cytotoxic and antimicrobial napthoquinone and aza-

anthraquinone derivatives. Toxicol Rep. 5: 970–6. 

Londhe BS, Pratap UR, Mali JR, Mane RA. (2010). 

Synthesis of 2-Arylbenzothiazoles catalyzed by 

biomimetic catalyst β-cyclodextrin. Bull Korean Chem 

Soc. 31: 2329–2332.  

Malik JK, Manvi FV, Nanjwade BK, Singh S, Purohit P. 

(2010). Review of the 2-amino substituted 

benzothiazoles: Different methods of the synthesis. Der 

Pharmacia Lett. 2: 347–359.  

Mallath MK, Taylor DG, Badwe RA, Rath GK, Shanta V, 

Pramesh C, Digumarti R, Sebastian P, Borthakur BB, 

Kalwar A, Kapoor S, Kumar S, Gill JL, Kuriakose MA, 

Malhotra H, Sharma SC, Shukla S, Viswanath L, 

Chacko RT,  Pautu JL, Reddy KS, Sharma KS, 

Purushotham AD, Sullivan R. (2014). The growing 

burden of cancer in India: epidemiology and social 

context. Lancet Oncol. 15: e205.  

Md S, Alhakamy NA, Aldawsari HM, Husain M, Kotta S, 

Abdullah ST, Fahmy UA, Alfaleh MA, Asfour HZ. 

(2020). Formulation Design, Statistical Optimization, 

and In Vitro Evaluation of a Naringenin 

Nanoemulsion to Enhance Apoptotic Activity in 

A549 Lung Cancer Cells. Pharmaceutics. 13: 152. 

Muttu CT, Bhanushali MD, Hipparagi SM, Tikare VP, 

Karigar A. (2010). Microwave assisted synthesis and 

evaluation of some fluoro chloro 2-N-(substituted 

Schiff’s bases)aminobenzothiazoles derivatives for their 

antiinfllamatory activity. IJRAP. 1: 522–528. 

Nagula S, Niggula PK, Ramya T, Bulusu SG, Venu T and 

Leonardo SS. (2019). Synthesis of New 1,2,3-Triazolo-

naphthalimide/phthalimide Conjugates via ‘Click’ 

Reaction: DNA Intercalation and Cytotoxic Studies. J 

Braz Chem Soc. 30(3): 454-461.  

Prabodh CS, Alka S, Archana S, Harish R, Dharam PP. 

(2013). Medicinal significance of benzothiazole 

scaffold: an insight view. J of Enz Inhib and Med Chem. 

28(2): 240–266. 

Pranika K, Sharad W. (2016). Synthesis and In Vitro 

Evaluation of Anticancer activity of Mannich Bases of 

Benzimidazole Derivatives. International Journal of 

Science and Research. 5(5): 1096-1099. 

Priyanka, Sharma NK, Jha KK. (2010). Benzothiazole: The 

molecule of diverse biological activities. Int J Curr 

Pharm Res. 2: 1–6.  

Rashid M, Husain A, Mishra R. (2012). Synthesis of 

benzimidazoles bearing oxadiazole nucleus as anticancer 

agents. Eur. J. Med. Chem. 54: 855.  

Strober W. 2001. Blue exclusion test of cell viability. 

Curr Protoc Immunol. 111(1): A3.B.1-A3.B.3. 

Tang J, Wu LL, Huang X. (2003). Convenient solid-phase 

synthesis of benzothiazole derivatives. Chin Chem Lett. 

14: 885–886.  

Wilson CH, Ali ES, Scrimgeour N, Martin AM, Hua J, 

Tallis GA, Rychkov GY, Barritt GJ. (2015). Steatosis 

inhibits liver cell store-operated Ca2+ entry and 

reduces ER Ca2+ through a protein kinase C-

dependent mechanism. Biochem J. 466: 379–90.  

Zhu QG, Zhang SM, Ding XX, He B, Zhang HQ. (2017). 

Driver genes in non-small cell lung cancer: 

Characteristics, detection methods, and targeted 

therapies. Oncotarget. 8: 57680-57692. 
 

https://pubmed.ncbi.nlm.nih.gov/?term=Bray+F&cauthor_id=33538338
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahmood%20Hasan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30294556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaha%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30294556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sohrab%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=30294556
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70115-9/fulltext

