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Abstract- Synthetic compounds are widely used in cancer drug discovery. Chemotherapies aim to inhibit 

proliferation and induce apoptosis however, they have limitations. This study aims to explore in vitro anti-

proliferative, pro-apoptotic, and anti-metastatic effects of 2-imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-

thiazine [3,2-a] benzimidazole against pancreatic and melanoma cancer cell lines. Cell viability assays were 

conducted using Alamar blue assay. Caspase 3/7 activation was evaluated using caspase-Glo® 3/7 substrate 

reagent. Gene expression was analyzed using conventional polymerase chain reaction (PCR). Cell migration 

was assessed using wound healing. Alamar blue assay showed that the molecule studied exhibited 

antiproliferative activity on both the PaCa-2 and A375 cell lines, however, with higher cytotoxicity on PaCa-2 

which suggests that it is cell-line dependent. Caspase 3/7 activity was upregulated in PaCa-2 and downregulated 

in A375, suggesting caspase-dependent and caspase-independent cell death, respectively. p53 and Bax were 

upregulated on both cell lines which suggests that the compound might have induced apoptosis and autophagy. 

Wound healing showed a decreased cell migration on both cell lines an important stage of metastasis. The study 

suggests that the study molecule can be a promising chemotherapeutic agent in the development of new 

anticancer drugs. 

© 2024 Tehran University of Medical Sciences. All rights reserved.  
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Introduction 
 

The proliferation of abnormal cells leading to cancer 

is a serious and life-threatening condition. Sadly, it 

affects millions of individuals worldwide according to the 

2020 global cancer statistics, about 19.3 million new 

cases were recorded (1,2). Furthermore, in terms of 

mortality rate about 10 million deaths were estimated in 

2020 globally (1). Genetically, cancer is caused by gene 

alterations, such as the errors that occur when the cells 

divide, and DNA damage (3). Factors such as age and 

lifestyle habits, including UV exposure, tobacco smoke, 

and viruses, can contribute to its mutation  (4)  

Pancreatic cancer is a concerning disease that affects 

the pancreas, with common symptoms including 

jaundice, weight loss, and abdominal pain (5). 

Unfortunately, the prognosis for pancreatic cancer is 

poor, with only about 9% of patients living for five years 

after diagnosis according to the World Health 

Organization in 2018. In 2020, there were nearly 500,000 

new cases and 466,000 deaths reported worldwide (6). 

The most common type is pancreatic adenocarcinoma, 
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which accounts for about 90% of cases and begins in the 

exocrine cells. The development stages of PDAC are 

known as pancreatic intraepithelial neoplasia (PanIN) and 

they are classified into three groups PanIN-1A, PanIN-

1B, PanIN-2, and PanIN-3 (7). Melanoma skin cancer is 

defined as the neoplasm of epidermal melanocytes (8). 

Approximately 325,000 new cases occurred in 2020 with 

174,000 for males and 151,000 for females, and if these 

trends continue, it is estimated that incidence will 

increase by 50% in 2040 (9). In terms of mortality rate, 

57,000 deaths were reported in 2020, and these rates are 

expected to increase by 68% globally )9(. Moreover, 

overall, 5-year prognosis and survival for melanoma is 

approximately 94% )10(. Superficial spreading 

melanoma (SSM) is considered the most common type of 

melanoma and it accounts for about 70% of all cases 

(.11)  

The process of apoptosis is very complex, and it 

involves one of the two pathways: intrinsic 

(mitochondrial) or extrinsic pathway )12(. Activation of 

apoptosis has been previously documented to be 

associated with cellular stress stimuli such as 

chemotherapeutic agents )13(. Apoptotic pathways are 

characterized by the activation of caspase and their 

activation leads to various morphological changes such as 

cell blebbing, cell shrinkage, DNA fragmentation, and 

phagocytosis of apoptotic bodies by neighboring cells 

)14(. During apoptosis mutations may occur in the tumor 

suppressor gene TP53, and the downregulation of this 

gene prevents apoptosis from being triggered 1) 5,16(. 

The second mutation may occur in the Bcl-2 proto-

oncogene which results in upregulation of Bcl-2 to 

prevent apoptosis hence promoting cancer progression 

)17(. Successful cancer cell metastasis relies on the ability 

of cells to escape apoptosis. Cancer cells that have 

escaped cell death program themselves to gain invasion 

and migratory properties to metastasize. Approximately 

90% of cancer deaths are associated with metastasis 

worldwide (18,19).  

Despite all the efforts in implementing novel 

chemotherapeutic strategies for all types of cancer, cancer 

remains a huge concern worldwide. Since the discovery 

of cancer therapy, these treatments have still failed to cure 

cancer completely and the prognosis remains poor )20(. 

Chemotherapy, surgery, radiation, and immunotherapy 

are considered the common types of cancer treatment 

)21(. Challenges with current treatments are mostly 

related to unspecified symptoms, diagnosis at an 

advanced stage, re-occurrence, multiple drug resistance, 

and side effects )22(. Synthetic compounds are chemical 

compounds with a close similarity to natural chemical 

compounds. However, they differ in property, function, 

and structure. Thiazine and benzimidazole are 

heterocyclic organic compounds and their derivatives 

have been widely used in drug discovery and 

development because they possess various important 

pharmaceutical activities including anticancer. 

 

Materials and Methods 

 

Reagents 

2 -imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-

thiazine [3,2-a] benzimidazole was obtained from the 

chemistry department at the University of Johannesburg. 

Both PaCa-2, A375, and HEK-293 cancer cell lines were 

donated by Mpho Choene and the Lesetja Motadi from 

Department of Biochemistry at the University of 

Johannesburg. high glucose RPMI 1640 medium and 

trypsin from Thermos Fisher Scientific. Dulbecco 

buffered saline (DPBS) from HyClone, GE -phosphate

Healthcare. Fetal bovine serum (FBS) from HyClone, 

lthcare. Taxol was obtained from Prof Mutadi GE Hea

(University of Johannesburg). Alamar blue 

(InvitrogenTM by Thermo Fisher Scientific, 

). ATP detection substrate Massachusetts, United States

Glo® 3/7 substrate -reagent from Promega. caspase

reagent from Promega. Hoechst 33342 staining from 

cell -RNA PrepTM-Thermo Fisher Scientific. Relia

MiniPrep kit system from Promega. Goscript TM 

Madison, Reverse Transcriptase system (Promega, 

). GoTaq® G2 Green Master Wisconsin, United States

Mix from Promega. 

 

Treatment preparation 

To prepare a stock solution of 100mg/ml of 2-imino-

7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine [3,2-a] 

benzimidazole, the compound was first dissolved in 

100% DMSO. The resulting mixture was then used to 

prepare a 100 µg/ml treatment in high glucose RPMI 

1640 medium. 

 

Cell culturing  

The PaCa-2, A375, and HEK-293 cancer cell lines 

were donated by Mpho Choene and Lesetja Motadi from 

the Department of Biochemistry at the University of 

Johannesburg and cultured in high glucose RPMI 1640 

medium, which was enriched with 10% FBS, 1% 

streptomycin, and 0.5µg/ml amphotericin B -penicillin

ion. The cells were kept in a controlled environment solut

C, 5% carbon dioxide, and 95% humidity until  at 37˚

they reached 80% confluence. To prepare for the assays, 

EDTA, counted -the cells were detached using trypsin

https://www.google.com/search?sca_esv=547ca51cc15e8bbc&sca_upv=1&rlz=1C1OKWM_enZA1061ZA1062&sxsrf=ADLYWIJ7lEKTOdt6JrZzcxtxyo-FDGp63Q:1720598513640&q=Waltham&si=ACC90nyvvWro6QmnyY1IfSdgk5wwjB1r8BGd_IWRjXqmKPQqm7-ehbnP4YpijFxvceNm_UaAtnwFyKf3k4Cxe5AQUO4lYcOvU2Hn6b5GOoyNZlvRQWZFXsEKr6z0-mRIe4252nFMjjNLucavv2PoQdNEzlPJp5bt9-3gCWVKgX7bmvnEh2eKQdeyQl5vrf1CsP_Q2kHJfhvP&sa=X&ved=2ahUKEwj3ntP5gJyHAxUHUEEAHRFEA0gQmxMoAHoECCoQAg
https://www.google.com/search?sca_esv=547ca51cc15e8bbc&sca_upv=1&rlz=1C1OKWM_enZA1061ZA1062&sxsrf=ADLYWILDLaB1EALTdN_rlXlsspIoaKRcGA:1720598591351&q=Madison,+Wisconsin&si=ACC90nyvvWro6QmnyY1IfSdgk5wwjB1r8BGd_IWRjXqmKPQqmwBRj75nJkHvHytkLJ7T_tJUZ0rrqgeGXqz5QehQ1dUhzCt5NdPu0ygerH2ulzynRh5EkzrlKr_uC_JObdq5RwbhJzskeoqc0cfkgfFwZiZmVRrLVRLrl_3x2wpXmOVWiSgWoLfFKenO76bS_v3lXTcTDFN1xkAsowzC-iavcfgLap-uDQ%3D%3D&sa=X&ved=2ahUKEwiJltqegZyHAxWOZ0EAHROADeoQmxMoAHoECDEQAg
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AD, R-with a TC20TM automated cell counter (BIO

), and then split 1:2 StatesHercules, California, United 

before being returned to the incubator.  

 

Alamar blue cell viability assay 

Alamar blue assay was conducted after cell counting 

and both PaCa-2, A375, and HEK-293 cell lines were first 

re-suspended with high glucose RPMI 1640 medium in a 

reservoir using a 10ml serological pipet to obtain the 

desired concentration of 5 x 104 cells/ml. 5000 cells (100 

µl) were then seeded into 96 well cell culture plates using 

a multi-channel pipette. The cells were then incubated for 

24 hours using similar conditions as in 2.2. After 

incubation, the media was discarded, and the cancer cells 

were washed with DPBS. Different treatments prepared 

in a media were then added to the cells: (100 µg/ml of 2-

imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine 

[3,2-a] benzimidazole, 0.1% of DMSO, and 100 µg/ml 

taxol). Treated cells were then incubated for 24 hours and 

added with 10µl of Alamar blue reagent. The cells were 

then incubated for 24 hours and analyzed using the 

fluorescence microplate reader (Synergy HT Biotek) 

machine at 530 mm emission and 590 mm excitation. 2-

imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine 

[3,2-a] benzimidazole was then serial diluted from 100 to 

3.125 µg/ml and the obtained various concentrations were 

then tested for cytotoxic activity to obtain an IC50. The 

cytotoxicity results were analyzed using Excel and the 

graphs were generated using GraphPad Prism 8.4.3. 

 

Caspase 3/7 activity assay 

To conduct a caspase activity assay, 1x105 cell 

density (2 ml) was first seeded into four 35mm x 12mm 

cell culture dishes and incubated for 24 hours at 37˚ C in 

5% CO2 and 95% humidity for both A375 and PaCa-2 

cell lines. The cells were then washed with 500µl of 

DPBS. Cells were then treated with the following 

treatments prepared in a media (0.1% of DMSO, 100 

µg/ml taxol, IC50 for 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole 

(85.7 µg/ml for PaCa-2 and 98.6 µg/ml for A375 obtained 

from previous experiment) and incubated for 24 hours. 

Cells treated with DMSO, and untreated cells, were first 

washed with 500µl of DPBS. After discarding DPBS, 500 

µl of 1x trypsin-EDTA was then added to the dishes to 

detach cells from the surface. To stop trypsinization, cells 

were added with 1500 µl of media and transferred into 2 

ml Eppendorf tubes. Cells treated with taxol and 2-imino-

7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine [3,2-a] 

benzimidazole were transferred into 2ml Eppendorf tubes 

and the remaining cells in the cell culture dish were added 

with 100µl of 1 x trypsin-EDTA. To stop trypsinization, 

cells were added with 400 µl media and transferred into 2 

ml Eppendorf tubes. All the tubes were then centrifuged 

at a speed of 2200 rpm for 2,5 minutes. The supernatant 

was then discarded, and the cell pellet was added with 

500µl of DPBS for washing. The tubes were centrifuged 

using the same above speed and time. After 

centrifugation, the cell pellet was re-suspended with 50 µl 

of the media. Furthermore, 25 µl of the cell's suspension 

was then loaded into a 96-well black cell culture plate. 

The cells were then added with 25 µl of caspase-Glo® 3/7 

substrate reagent from Promega, (Madison, Wisconsin, 

United States) and then placed on a rotary shaker for 25 

minutes and analyzed using a luminescence microplate 

reader (Synergy HT Biotek) machine at 405 mm 

emission.  

 

Microscopic cell morphology assay 

To conduct the cell morphology experiment, 1x105 

cell density (2 ml) was first seeded into four 35 mm x 12 

mm cell culture dishes and pre-incubated for 24 hours at 

37˚ C in 5% CO2 and 95% humidity for both A375 and 

PaCa-2 cell lines. The cells were then washed with 500µl 

of DPBS and treated with 2ml of treatments (0.1% of 

DMSO, 100 µg/ml taxol, 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole 

(98.6 µg/ml of for A375 and 85.7 µg/ml for PaCa-2). For 

untreated, cells were incubated with media only. After 24 

hours of incubation, the cells were visualized and 

captured using a Leica DM500 microscope (Zeiss, 

Oberkochen, Baden-Württemberg, Germany) connected 

to the Leica DM share app on the phone.  

 

Microscopic fluorescence Hoechst 33342 staining 

assay 

The cell density of 1x105 (2 ml) was first seeded into 

four 35mm x 12mm cell culture dishes and incubated for 

24 hours for both A375 and PaCa-2 cell lines. The cells 

were then washed with 500 µl of DPBS and treated with 

2ml of treatments (0.1% of DMSO, 100µg/ml taxol, 2-

imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine 

[3,2-a] benzimidazole (98.6 µg/ml of for A375 and 

85.7µg/ml for PaCa-2). Untreated cells were incubated 

with media only. After 24 hours of incubation, cells 

treated with taxol and 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole 

were transferred into 2 ml Eppendorf tubes. cells treated 

with DMSO, and untreated cells were first washed with 

500 µl of DPBS. After discarding DPBS, 500 µl of 1x 

trypsin-EDTA was added to the dishes to detach cells 

from the surface. To stop trypsinization, cells were added 

https://www.google.com/search?sca_esv=547ca51cc15e8bbc&sca_upv=1&rlz=1C1OKWM_enZA1061ZA1062&sxsrf=ADLYWIKqQo8B79DK614eHxrO4mi4q6tRSQ:1720598647660&q=Hercules,+California&si=ACC90nyvvWro6QmnyY1IfSdgk5wwjB1r8BGd_IWRjXqmKPQqmyfDM_mTPbesYKe1xizs0G0QAmf6HtAKXiIcTUqbIxKdFcAoPf07zXyLJGURQ49vMAgNWC1x6mWgiwuZJ94Cn8bj8tjdSJG-XGXvFgSiEfhAh_3vIZcqSeKKpAQs9rRf70ILEm2kW0Q0Awyd5U0nyBfA-kA2jxYQ2KBOIhE9qPx_J7FicQ%3D%3D&sa=X&ved=2ahUKEwjejMe5gZyHAxX1TkEAHZr7AbEQmxMoAHoECCUQAg
https://www.google.com/search?sca_esv=547ca51cc15e8bbc&sca_upv=1&rlz=1C1OKWM_enZA1061ZA1062&sxsrf=ADLYWILX4jw4_qza1qC0QCY1IxVfNavaIA:1720598746105&q=Madison,+Wisconsin&si=ACC90nyvvWro6QmnyY1IfSdgk5wwjB1r8BGd_IWRjXqmKPQqmwBRj75nJkHvHytkLJ7T_tJUZ0rrqgeGXqz5QehQ1dUhzCt5NdPu0ygerH2ulzynRh5EkzrlKr_uC_JObdq5RwbhJzskeoqc0cfkgfFwZiZmVRrLVRLrl_3x2wpXmOVWiSgWoLfFKenO76bS_v3lXTcTDFN1xkAsowzC-iavcfgLap-uDQ%3D%3D&sa=X&ved=2ahUKEwia7b_ogZyHAxXpZ0EAHW4zAi4QmxMoAHoECDAQAg&biw=1280&bih=559&dpr=1.5
https://www.google.com/search?sca_esv=547ca51cc15e8bbc&sca_upv=1&rlz=1C1OKWM_enZA1061ZA1062&sxsrf=ADLYWILX4jw4_qza1qC0QCY1IxVfNavaIA:1720598746105&q=Madison,+Wisconsin&si=ACC90nyvvWro6QmnyY1IfSdgk5wwjB1r8BGd_IWRjXqmKPQqmwBRj75nJkHvHytkLJ7T_tJUZ0rrqgeGXqz5QehQ1dUhzCt5NdPu0ygerH2ulzynRh5EkzrlKr_uC_JObdq5RwbhJzskeoqc0cfkgfFwZiZmVRrLVRLrl_3x2wpXmOVWiSgWoLfFKenO76bS_v3lXTcTDFN1xkAsowzC-iavcfgLap-uDQ%3D%3D&sa=X&ved=2ahUKEwia7b_ogZyHAxXpZ0EAHW4zAi4QmxMoAHoECDAQAg&biw=1280&bih=559&dpr=1.5
https://www.google.com/search?sca_esv=547ca51cc15e8bbc&sca_upv=1&rlz=1C1OKWM_enZA1061ZA1062&sxsrf=ADLYWIK3y3mSG5-76Z7uyjaVVY57k28Mfw:1720598840510&q=Oberkochen&stick=H4sIAAAAAAAAAONgVuLUz9U3MDXNMC9bxMrln5RalJ2fnJGaBwCBWVe5GgAAAA&sa=X&ved=2ahUKEwjY6cGVgpyHAxUbWUEAHdesAS8QmxMoAHoECC0QAg
https://www.google.com/search?sca_esv=547ca51cc15e8bbc&sca_upv=1&rlz=1C1OKWM_enZA1061ZA1062&sxsrf=ADLYWIK3y3mSG5-76Z7uyjaVVY57k28Mfw:1720598840510&q=Baden-W%C3%BCrttemberg&stick=H4sIAAAAAAAAAONgVuLQz9U3yMg2KVzEKuSUmJKapxt-eE9RSUlqblJqUToA4QVwbiEAAAA&sa=X&ved=2ahUKEwjY6cGVgpyHAxUbWUEAHdesAS8QmxMoAXoECC0QAw
https://www.google.com/search?sca_esv=547ca51cc15e8bbc&sca_upv=1&rlz=1C1OKWM_enZA1061ZA1062&sxsrf=ADLYWIK3y3mSG5-76Z7uyjaVVY57k28Mfw:1720598840510&q=Germany&stick=H4sIAAAAAAAAAONgVuLQz9U3MDYxzVjEyu6eWpSbmFcJAB9am78WAAAA&sa=X&ved=2ahUKEwjY6cGVgpyHAxUbWUEAHdesAS8QmxMoAnoECC0QBA
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with 1500 µl of media and transferred into 2 ml 

Eppendorf tubes. All the tubes were then centrifuged at a 

speed of 2200 rpm for 2,5 minutes. The supernatant was 

then discarded, and the cell pellet was added with 500µl 

of DPBS for washing. The tubes were again centrifuged 

at 2200 rpm for 2,5 minutes. Hoechst 33342 stain from 

Thermos Fisher Scientific was diluted in DPBS by a 

1:2000 ratio. The final concentration of Hoechst stain in 

DPBS was 0.5 µg/ml. After centrifugation, the cell pellet 

was re-suspended with 50µl of Hoechst stain solution and 

incubated for 5-10 minutes. After incubation time, 15 µl 

of the cells were then loaded into 76 x 26 mm slides and 

closed on top with a 22 x 22 cover slip and read using a 

fluorescence microscope using 350 nm excitation and 

461nm emission, and the images were captured using 

10x, 20x and 40x magnification.  

 

RNA extraction 

Both untreated and treated RNA from PaCa-2 and 

A375 cell lines were extracted and purified using the 

Relia-PrepTM RNA-cell MiniPrep kit system from 

Promega (Madison, Wisconsin, United States) as per 

manufacture protocol for about 24 hours. To conduct this 

experiment, 1x105 cell density (2 ml) was first seeded 

into two 35mm x 12mm cell culture dishes and pre-

incubated for 24 hours at 37˚ C in 5% of CO2 and 95% 

humidity for both A 375 and PaCa-2 cell lines. The cells 

were then washed with 500 µl of DPBS and treated with 

2ml of treatment (2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole 

(98.6µg/ml of for A375 and 85.7µg/ml for PaCa-2). For 

untreated, cells were incubated with media only. After 24 

hours of incubation, the media was discarded, and the 

cells were added with 1ml of lysis buffer and 10µl of 1-

Thioglycerol and transferred into a 2 ml Eppendorf tube. 

The cells were stored at -80˚ C overnight. The cell lysate 

was then thawed on ice and later vortex for five minutes. 

1 ml of 70% ethanol was then added to the lysate and 

vortexed for a minute. 700 µl of the sample was then 

transferred into a spin centrifuge with a collection tube 

and harvested by centrifugation at 12000 x g for one 

minute and the liquid on the collection tube was 

discarded. This was repeated until the solution on the 

initial tube was finished. 700 µl of the wash buffer I was 

then added into the spin collection and centrifuged for one 

minute at 12000 x g. The spin collection was then 

transferred into a new collection tube and added with 500 

µl of wash buffer II with ethanol and centrifuged again 

for one minute at 12000 x g. This step was repeated twice, 

and the spin centrifuge was centrifuged on its own 

without a collection tube for three minutes at 12000 x g 

to dry the membrane-bound with the RNA. To elute the 

RNA, 80µl of the RNAse-free water was added to the 

center of the spin centrifuge this time with a new 

collection tube and incubated at room temperature for a 

minute. After incubation, it was centrifuged at 12000 x g 

for two minutes. The spin centrifuge was then removed, 

and the RNA was transferred into the recovery tube. The 

purity was then determined using Nano-Drop at 

A260/A280 ratio and stored at -80˚ C. 

 

RT-Polymerase chain reaction (PCR)  

Reverse transcription was performed using the 

Goscript™ Reverse Transcriptase system from Promega. 

To synthesize cDNA, different components were mixed 

to make a total volume of 20 µl reaction. Firstly, the RNA 

primer mix was prepared and spun down using a quick-

spin mini centrifuge to allow the solution to settle at the 

bottom of the tube. The mixture was then heated at 70° C 

for 5 minutes using the AccuBlock™ heating block from 

Labnet, followed by quick chilling on ice for about 2-5 

minutes until the reverse transcription master mix was 

prepared. Next, the reverse transcription master mix was 

added to the tube containing the RNA primer mixture 

solution, and the combined mixture was incubated under 

thermal cycling conditions using a PCR master cycler. 

The resulting cDNA was then used for PCR 

amplification. For amplification, GoTaq® G2 Green 

Master Mix from Promega was used to make a 10 µl total 

volume of cDNA and primer mix. The samples were 

incubated under thermal cycling conditions for 

amplification using the PCR Master cycle. The cycle 

conditions were repeated for 40 cycles, and the PCR 

products (amplicons) were electrophoresed using agarose 

gel electrophoresis. 

Gel electrophoresis 

Gel electrophoresis was performed in this study to 

assess the effectiveness of the primers. To run the 

samples, 1% agarose gel was used. To prepare the gel, 1g 

of agarose was dissolved in 100 ml of 1 x TAE buffer (40 

mM Tris pH 8; 45 mM acetic acid; 1 mM EDTA) and 

heated in a microwave for 60 seconds. After cooling 

down, 10µl of ethidium bromide was added to solidify the 

solution. Subsequently, 3 µl of DNA ladder and 10 µl of 

the PCR product solution were loaded onto the agarose 

gel immersed in 1 x TAE buffer. The samples were then 

electrophoresed for 40 minutes at 100 volts, and the Gel 

Doc (Bio-Rad) machine was used to detect the bands. 

Bio-Rad Image Lab software 6.1 was employed to 

quantify the bands and obtain their intensity values for 

each gene. 

 

https://www.google.com/search?sca_esv=547ca51cc15e8bbc&sca_upv=1&rlz=1C1OKWM_enZA1061ZA1062&sxsrf=ADLYWILX4jw4_qza1qC0QCY1IxVfNavaIA:1720598746105&q=Madison,+Wisconsin&si=ACC90nyvvWro6QmnyY1IfSdgk5wwjB1r8BGd_IWRjXqmKPQqmwBRj75nJkHvHytkLJ7T_tJUZ0rrqgeGXqz5QehQ1dUhzCt5NdPu0ygerH2ulzynRh5EkzrlKr_uC_JObdq5RwbhJzskeoqc0cfkgfFwZiZmVRrLVRLrl_3x2wpXmOVWiSgWoLfFKenO76bS_v3lXTcTDFN1xkAsowzC-iavcfgLap-uDQ%3D%3D&sa=X&ved=2ahUKEwia7b_ogZyHAxXpZ0EAHW4zAi4QmxMoAHoECDAQAg&biw=1280&bih=559&dpr=1.5
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Wound healing assay 

To perform a wound healing assay, first, 100 µl of 

PaCa-2 and A375 cell lines were diluted in RPMI media 

to achieve the correct seeding density. Then, 1x105 cell 

density (2 ml) cells were seeded into four 35 mm x 12mm 

cell culture dishes and incubated overnight at 37° C in 5% 

CO2 and 95% humidity, allowing them to adhere. When 

the cells reached 80% confluency, the media was 

discarded without disturbing the cells. The cells were then 

washed with 1x DPBS, and a scratch was made from the 

top to the bottom of each petri dish using a p20 

micropipette tip. Next, the cells were treated with 2 ml of 

treatments (0.1% DMSO, 100 µg/ml taxol, 2-imino-7-

methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine [3,2-a] 

benzimidazole (98.6 µg/ml for A375 and 85.7 µg/ml for 

PaCa-2), and incubated for 24 hours to inhibit cell 

migration. For untreated cells, only media was added, and 

they were incubated similarly. The Leica DM500 

microscope was used to capture images at 10x 

magnification, and the results were analyzed by 

measuring the distance between two margins of the gap 

on different wound areas before and after 24 hours, 48 

hours, and 72 hours of incubation with treatments. 

Additionally, the cellular migration rate of each treatment 

was compared to that of untreated cells. 

 

Statistical analysis 

The results were represented as the mean of two 

independent experiments±standard error concerning 

untreated and the p-value was calculated in comparison 

to the control. The P<0.05 is typically considered 

statistically significant which indicates strong evidence 

against the null hypothesis. 

 

Table 1. Oligonucleotide primers used for real-time RT-PCR analysis 

Gene Forward primer Reverse primer Length bp) 

P53 5’GTATTTCACCCTCAAGATCC- 3′ 5′- TGGGCATCCTTTAACTCTA -3′ 124 

Bax 5′- CTACAGGGTTTCATCCAG -3′ 5′- CCAGTTCATCTCCAATTCG -3′ 133 

Bcl2 5′- GTGGATGACTGAGTACCT -3′ 5′- CCAGGAGAAATCAAACAGAG -3′ 118 

Β-

actin 
5′- GAGAAACCTGCCAAGTATG -3′ 5′- GGAGTTGCTGTTGAAGTC -3′ 155 

 

 

Results 
 

Cytotoxicity screening of various synthetic 

compounds on PaCa-2 and A375 

To study anticancer activity, synthesized 1,3-thiazine 

[3,2-a] benzimidazole and its derivatives were first 

screened at 100µg/ml against PaCa-2 and A375 cell lines 

for 24 hours using Alamar blue™ cell viability assay. As 

shown in Figure 1, 2nd derivative which is identified as 2-

imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine 

[3,2-a] benzimidazole exhibited the greatest cytotoxicity 

as compared to both cell line hence it was selected for this 

study. 

 

 

 
Figure 1. Cytotoxic screening activity of 1,3-thiazine [3,2-a] benzimidazole derivatives at 100µg/ml on PaCa-2 and A375 cells 
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Five different compounds were tested for anti-

proliferative activity at a final concentration of 100 

µg/ml. Untreated represents cells with media only; for 

negative control, cells were treated with 0.1% total 

concentration of DMSO. For positive control, cells were 

treated with 100 µg/ml final concentration of taxol 

supplemented with RPMI media. The results were 

obtained using a fluorescence microplate reader (Synergy 

HT Biotek) and represented as the mean of two 

independent experiments±standard error regarding 

untreated and submitted to one-way ANOVA with 

Dunnett's multiple comparisons test ****P<0,0001 

(PaCa-2) and ***P=0,0001 (A375). 

 

Cytotoxicity of 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole 

The structure of 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole has 

been shown below in Figure 2A. To examine the anti-

proliferative activity of 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole, 

HEK-293 cell line, PaCa-2 and A375 cells were treated 

with (100, 50, 25, 12.5, 6.25, and 3.125 µg/ml) for 24 

hours and the cell viability was measured by Alamar Blue 

assay. As shown in Figure 2B, 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole 

exhibited the greatest inhibitory activity at 100µg/ml on 

PaCa-2 and A375 cancer cells whereas on non-cancerous 

cells (HEK-293) show a partial activity. 

(A) is the structure of 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole. (B) 

is Various concentrations of 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole 

from a final concentration of 100µg/ml to 3.125µg/ml 

were tested for antiproliferative activity against HEK-293 

cells, PaCa-2 and A375. Untreated represents cells with 

media only; for negative control, cells were treated with 

0.1% final concentration of DMSO. For positive control, 

cells were treated with 100µg/ml taxol. The numbers 

from 100µg/ml to 3.125µg/ml on the x-axis are various 

concentrations of 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole). 

The results were obtained using a fluorescence microplate 

reader (Synergy HT Biotek) and represented as the mean 

of two independent experiments ± standard error 

concerning untreated and submitted to one-way ANOVA 

with Dunnett's multiple comparisons tests **P=0,0012 

(HEK-293), ****P<0,0001 (PaCa-2), *** P=0,0008 

(A375). 

 

 

 

 
Figure 2. Cytotoxic activity of 2-imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole on HEK-293 cell line, PaCa-2 and 

A375 
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Caspase 3/7 induction with IC50 for 2-imino-7-

methoxy-4-(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] 

benzimidazole 

To evaluate the pro-apoptotic activity of 2-imino-7-

methoxy-4-(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] 

benzimidazole, PaCa-2 and A375 were treated for 24 

hours with 85.7 and 98.6µg/ml IC50 of 2-imino-7-

methoxy-4-(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] 

benzimidazole, respectively. Caspase 3/7 activity was 

measured using luminescent caspase-Glo® 3/7 substrate. 

As shown in Figure 3, caspases 3 and 7 were upregulated 

in PaCa-2 only whereas in A375 were significantly 

dropped. 

An IC50 of 85.7 µg/ml and 98.6 µg/ml of 2-imino-7-

methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine [3,2-a] 

benzimidazole was tested on Paca-2 and A375 cells, 

respectively, for pro-apoptotic activity based on 

luminescence caspase 3/7 activity. For negative control, 

cells were treated with 0.1% of DMSO, for positive 

control, cells were treated with 100µg/ml taxol. The final 

concentration of 85.7 µg/ml on the x-axis is an IC50 value 

of 2-imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-

thiazine [3,2-a] benzimidazole. The luminescence results 

were obtained using synergy HT Biotek and were 

represented as the mean of two independent 

experiments  ±standard error concerning untreated and 

submitted to one-way ANOVA with Dunnett's multiple 

comparisons test **P=0.0064 (PaCa-2), ***P=0.0001 

(A375). 

 

 

 
Figure 3. Caspase 3/7 activity induced with IC50 of 2-imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole on PaCa-2 and 

A375 cells 

 

Microscopic analysis on PaCa-2 and A375 after 

treatment with 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole 

To investigate cell morphological effects of 2-imino-

7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] 

benzimidazole, PaCa-2 and A375 were treated with IC50 

for 2-imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-

thiazino [3,2-a] benzimidazole for 24 hours. The changes 

in cell shape and nucleus were investigated using Leica 

DM500 microscope and fluorescence Hoechst staining, 

respectively. As shown in Figure 4A both cell lines 

changed their shape from spindle to round after the 

treatment. In Figure 4B, PaCa-2 cells showed nuclear 

fragmentation after treatment with 2-imino-7-methoxy-4-

(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole 

whereas most of the A375 cell’s nucleus shrinks without 

showing fragmentation 

Images were obtained using the Leica DM500 

microscope and fluorescence microscopy showing the 

changes in the cells' shape and nucleus respectively after 

24 hours of incubation with/without exposure to IC50 for 

2-imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine 

[3,2-a] benzimidazole. Figure 5A is a microscopic 

analysis, Figure 5B is fluorescence Hoechst staining, 

0.1% DMSO represents the negative control whereas the 

100 µg/ml Taxol represents the positive control. 
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Figure 4. Microscopic analysis on PaCa-2 and A375 cells 

 

 

Effects of 2-imino-7-methoxy-4-(4-fluorophenyl)-2h-

1,3-thiazino [3,2-a] benzimidazole on apoptotic Gene 

expression on PaCa-2 and A375 cell lines 

The apoptotic gene expression (p53, Bax, and Bcl-2) 

was evaluated using conventional PCR and analyzed 

using gel electrophoresis to check the efficiency of the 

primers. As shown in Figure 5A and Figure 5B, the 

housekeeping gene β-actin as expected exhibited the 

same trend as control. Again, as shown in Figure 6A and 

Figure 6B, an IC50 for 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole 

significantly upregulated the expressional level of p53 

and Bax on both PaCa-2 and A375. The Bcl-2 was 

downregulated on both cell lines as shown in Figures 5A 

and B. 

For both agarose gels, M represents the marker, 1st 

band represents β-actin (housekeeping gene), 2nd 

represents p53, 3rd represents Bcl2, and 4th represents Bax. 

The results were represented as the mean of two 

independent experiments±standard error with reference 

to untreated and submitted to one-way ANOVA with 

Dunnett’s multiple comparisons test ****P<0,0001. 

For both agarose gels, M represents the marker, 1st 

band represents β-actin (housekeeping gene, 2nd 

represents p53, 3rd represents Bcl2, and 4th represents Bax 

represented as the mean of two independent 

experiments±standard error with reference to untreated 

and submitted to one way ANOVA with Dunnett’s 

multiple comparisons test ****P<0,0001. 

 
Figure 5A. RT-PCR products resolved on agarose gel showing the expressional level of genes on PaCa-2 cells after treatment with IC50 (85.7 

µg/ml) of 2-imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole 
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Figure 5B. RT-PCR products resolved on agarose gel showing the expressional level of genes on A375 cells after treatment with IC50 (98.6 

µg/ml) of 2-imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole 

 

 

Cellular migratory effects of 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole 

on PaCa-2, and A375 cell lines 

To examine the anti-metastatic activity of 2-imino-7-

methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine [3,2-a] 

benzimidazole, HEK-293 cell line, PaCa-2, and A375 

cells were treated for 0 hour, 24 hours, 48 hours and 72 

hours 24 hours with 85.7 and 98.6 µg/ml IC50 for of 2-

imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine 

[3,2-a] benzimidazole and cell migration was measured 

using wound healing assay. As shown in Figure 6, 2-

imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine 

[3,2-a] benzimidazole exhibited greater migratory 

activity as compared to control on both PaCa-2 and A375 

cell lines. 

 

 
Figure 6. Cellular migration on PaCa-2 and A375 cells after treatment with 2-imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] 

benzimidazole 
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The results were presented as images captured by a 

Leica DM500 microscope to show the migration rate 

obtained by measuring the distance between two margins 

of the gap at times 0hour, 24hour, 48hours and 72hours 

with/without the exposure to IC50 for 2-imino-7-

methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine [3,2-a] 

benzimidazole. 0.1% of DMSO represents the negative 

control whereas the 100µg/ml taxol represents the 

positive control. 

 

Discussion 
 

This study tested the effects of 2-imino-7-methoxy-4-

(4-fluorophenyl)-2h-1,3-thiazino [3,2-a] benzimidazole 

on PaCa-2 and A375 cell lines. The aim was to measure 

its ability to reduce cell proliferation, promote apoptosis, 

and inhibit metastasis in vitro. Results showed that the 

compound was effective in achieving these objectives. 

The molecular weight of the compound was found to be 

325.36 g/mol, making it a small molecule that can be used 

as a target chemotherapy drug for cancer treatments. 2-

imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine 

[3,2-a] benzimidazole was prepared using 100% DMSO, 

but the treatments were made using 0.1% DMSO to avoid 

cell death caused by DMSO. However, 0.1% to 0.5% 

DMSO is considered safe for cells, while concentrations 

higher than 1% can be cytotoxic (23). Taxol was used as 

a positive control and a concentration of 100 µg/ml was 

previously shown to have high inhibitory activity on both 

PaCa-2 and A375 cell lines (24).  

A study was conducted to test the antiproliferative 

effects of 1,3-thiazine [3,2-a] benzimidazole and its 

derivatives on cancer cell lines using the Alamar blue 

cytotoxicity assay. Cytotoxic activity test is regarded as a 

crucial step in cell culture because it measures the degree 

to which the test molecules will be able to cause cell 

death, regardless of the cell type it is crucial to know the 

number of viable or non-viable cells at the end of the 

experiment (25). Among the tested compounds, 2-imino-

7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine [3,2-a] 

benzimidazole showed the highest inhibitory activity. 

The parent compound 1,3-thiazine [3,2-a] benzimidazole 

showed the lowest inhibitory activity on PaCa-2, 

suggesting that additional functional groups might have 

upregulated its activity. Synthetic derivatives of 1,3-

thiazine [3,2-a] benzimidazole have been reported to have 

anti-tuberculosis activity (26) and antioxidant activity 

(27). However, it has never been characterized or tested 

against cancer cells. Various concentrations of 2-imino-

7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine [3,2-a] 

benzimidazole were tested against normal and cancer 

cells to obtain an IC50. IC50 value for a pure drug is less 

than 20µg/ml and is considered potent (28,29). However, 

it was also documented that an IC50 value between 20 and 

100 µg/ml exhibits moderate cytotoxic activity, and it can 

be used for a study (29). Furthermore, an IC50 greater than 

100 µg/ml is considered non-active (28). IC50 value for 

this compound was found to be 85.7µg/ml and 98.6 µg/ml 

for PaCa-2 and A375, respectively. HEK-293 was used 

as a normal cell in this study. HEK-293 has been widely 

used for cancer research as a normal cell line, protecting 

non-cancerous cells has been reported to increase 

therapeutic outcomes whereas killing them limits cancer 

chemotherapy (30,31). The IC50 value of 168 µg/ml 

against HEK-293 suggests that this compound might be 

non-toxic to non-cancerous cells.  

Effector caspase 3 and 7 are well-known executioner 

proteins and their activation is considered key mediators 

to the late stage of apoptosis (32). Furthermore, effector 

caspases 3/7 are now being used as a primary target to test 

the effectiveness of potential anticancer drugs (33). In this 

study, the IC50 value of 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole 

upregulated caspases 3 and 7 on PaCa-2 cells only, an 

evident that PaCa-2 cell death is caspase-dependent and 

apoptotic. In A375 cell lines, caspase 3/7 activity 

significantly dropped suggesting caspase-independent 

cell death. Several studies have shown that cell death can 

occur through mechanisms that do not involve caspase 

activation, including autophagy (34). 

Studying morphological changes provides very 

crucial information about cells including cell function, 

differentiation process, and signal response. Activation of 

executioner caspases has been documented to result in 

morphological changes such as cell blebbing, cell 

shrinkage, DNA fragmentation, and phagocytosis of 

apoptotic bodies by neighbouring cells (14). Caspase-

independent cell death has been reported to share the 

same characteristics as caspase-dependent cell death 

except that it does not involve nuclear fragmentation (35). 

In this study, the IC50 value of 2-imino-7-methoxy-4-(4-

fluorophenyl)-2h-1,3-thiazine [3,2-a] benzimidazole has 

shown morphological effects on focus cancer cell lines, 

both PaCa-2 and A375 changed their shape from spindle 

to round. Cancer cells are known to have well-formed 

nuclei and condensed DNA (36). In this study, most of 

the PaCa-2 cells exhibited nuclear fragmentation after 

treatment, which validated caspase activity results that 

suggested that cells are undergoing caspase-dependent 

cell death. In contrast, most of the A375 cells shrink 
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without fragmentation. Nuclear shrinkage without 

fragmentation has been documented as one of the 

characteristics of caspase-independent cell death (35).  

Gene expression analysis was carried out to study 

three apoptotic-related genes, p53, Bcl-2, and Bax using 

conventional PCR. Many studies have reported these 

genes to play a significant role in the intrinsic apoptotic 

pathway (37,38). In this study a housekeeping gene β-

actin was used as a control to ensure accurate expression 

analysis of the gene of interest. The p53 gene is a tumor 

suppressor gene and its expression has been found crucial 

in regulating cell death including apoptosis (39). Bcl-2 is 

a pro-survival gene, and its expression has been 

documented to inhibit apoptosis in many cancer cells by 

directly inhibiting the expression of pro-apoptotic genes 

such as Bax and Bak (40). The downregulation of Bcl-2 

has been reported to occur through various mechanisms, 

including expression of p53, upregulation of Bax, and 

caspase-independent autophagy [41,42,43]. Bax is a 

member of Bcl-2 known as a pro-apoptotic gene, a key 

regulator of the apoptotic intrinsic pathway and its 

expression has been reported to promote apoptosis by 

inducing the release of cytochrome C crucial for caspase 

activation and ultimately cell death (44,45,34). The 

expression of Bax alone has also been documented to 

stimulate autophagy in cancer cells (44,46). Cancer cells 

expressing Bax can undergo caspase-independent cell 

death due to various factors such as TRAIL and caspase 

inhibitors (44,46). However, the mechanism of regulating 

this type of cell death remains unclear. For this study, the 

upregulation of Bax on A375 suggests autophagy. The 

results obtained for PaCa-2 showed an upregulation of 

p53 and Bax and a downregulation of Bcl-2 after 

treatment, which suggests that the observed cell death is 

apoptotic and p53-dependent. In this study, Bcl-2 was 

downregulated on both focus cell lines after treatment 

which suggests an increase in apoptosis and autophagy.  

The study investigated the anti-metastatic effects of 2-

imino-7-methoxy-4-(4-fluorophenyl)-2h-1,3-thiazine 

[3,2-a] benzimidazole on PaCa-2 and A375 cells using a 

wound healing assay. The results suggest that this 

compound suppresses migration on both cell lines and 

exhibits greater migratory activity 

The experimental findings demonstrated that the 

compound reduced cell proliferation in both cell lines, 

with higher cytotoxicity towards PaCa-2, indicating cell-

line dependency. It induced both caspase-dependent and 

caspase-independent cell death for PaCa-2 and A375, 

respectively, with p53-dependent cell death. The 

expression of Bax was promoted on both cell lines, 

suggesting the induction of apoptosis and autophagy on 

PaCa-2 and A375, respectively. The wound healing assay 

concluded that the compound inhibits metastasis on both 

cell lines, suggesting its potential as a promising 

chemotherapeutic agent. However, further research is 

needed to understand the mechanism of action and the 

relationship between Bax expression and caspase-

independent cell death in cancer cells. The compound's 

anticancer properties can be further investigated through 

in vivo studies and other cancer cell lines. 
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