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ABSTRACT 

Resistance to apoptotic is a cancer cell trait which shows a significant part in tumour formation and 

was a potential target for antitumor therapy. The coumarin molecule isoimperatorin (ISOIM) has 

anticancer properties in a variety of tumour cells. However, its anticancer properties and molecular 

pathways in stomach cancer have yet to be discovered. The current work investigated ISOIM's 

antineoplastic and apoptosis influences on patient BGC823 tumor growth, as well as the molecular 

pathways that underpin them. MTT assays were used to assess cell growth. Hematoxylin and eosin 

(H&E), acridine orange or ethidium bromide, stain was used to examine cell morphology. In 

furthermore, flow cytometry was utilized to assess cell cycle and apoptotic, and western blotting 

(WB) was employed to investigate the production of apoptosis-associated enzymes. ISOIM markedly 

decreased cell growth by halting cell cycle during the G2 or M stage and promoted apoptotic through 

elevating Bcl2 associated X (Bax) production with a concurrent reduction in Bcl2 expression, results 

in a lower Bcl2/Bax proportion than the control. Furthermore, ISOIM therapy caused cytochrome c to 

move from mitochondria to its cytosol. In addition, caspase 3 were substantially induced in reaction to 

ISOIM therapy, implying that apoptotic in BGC823 cells are triggered through the mitochondrial 

pathway. Overall, the findings of this study suggest that ISOIM can dramatically cause apoptosis in 

BGC823 cells, and also that ISOIM's proapoptotic processes may be linked to the mitochondrial 

route. 

 

Keywords: Angelica Albicans, Rat Isolated jejunum strips, Imperatorin, Ca
2+

 influx pathway. 

 

INTRODUCTION 

Cell death is an integral part of an organism's regular growth and sustainable [1]. Developmental 

problems, autoimmune illnesses, neurological disorders, as well as in particularly, tumour 

incidence, growth, followed by metastasis are all linked to apoptosis mismatch [2]. Inducing 

apoptotic in tumour cells has become a hot topic in cell biology as well as the biological sciences. 

The goal of contemporary tumor cell apoptotic work is to discover more efficient and safe 

medicinal medicines for treating malignancies. Isoimperatorin (ISOIM) is a key active constituent 

in an umbelliferae group, including Angelica albicans, Heracleum, Chinese angelica, and so on was 
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extensively utilized during traditional Chinese medicine (TCM) [3]. ISOIM, a plant secondary 

metabolite with analgesic, antiviral, anticancer, anti-inflammatory, antimicrobial, and 

antihypertensive activities [4]. Several types of human tumour cells, include lung A549, ovarian 

SKOV3, skin SKMEL2, glioblastoma XF498, HCT15 colon, and MCF7 tumour cells may be 

inhibited from multiplying by ISOIM. ISOIM was found to reduce SGC7901 cell proliferation and 

modify the overexpression of proapoptotic and antiapoptotic enzymes in a previous investigation 

[5]. Nevertheless, the current study has some flaws, such as examining too few cell lines, failing to 

observe cell shape, and failing to recognize the cell cycle. 

 

Gastric tumor is one of the most common cancers on the planet [6]. Although there have been 

significant breakthroughs in early diagnosis and therapy, the incidence and fatality rates remain 

high [7]. Chemotherapy has always been the major therapeutic strategy for locally advanced gastric 

tumor as preoperative and postoperative adjunctive treatment [8, 9]. As a result, the current study 

was using the BGC823 stomach cancerous cells line are in vitro analysis to verify the impacts of 

ISOIM, detect alterations in programmed cell death-related enzymes in the Bcl2 and caspase3 

communities in ISOIM preserved group, and ascertain the molecular basis of ISOIM-stimulated 

BGC823 apoptotic cell death. 

 

MATERIALS AND METHODS 

Chemicals  

ISOIM is attained from Shanghai Aladdin Bio‑ Chem Technology, China, preserved in ethanol 100 

mM where it can be stowed at ‑ 20˚C. These samples are colorless to impede it from persuading the 

outcomes of Flow Cytometry (FCM), MTT and acridine orange (AO) or ethidium bromide (EB) 

stain. These reagents were procured from Sigma lab whereas RPMI‑ 1640 along with 100% fetal 

bovine serum (FBS) are also obtained. Mouse monoclonal antibodies towards human caspase‑ 3, 

Bcl‑ 2‑ linked X, Bcl‑ 2, cytochrome c, cyclin D1, B1, p21 were attained. Moreover, horseradish 

peroxidase fixed with rabbit anti‑ Mouse IgG antibody was also utilized in our research and kept at 

room temperature (T) for 1 hour. Then, it can be perceived by employing an improved 

chemiluminescence system. All the remaining reagents as well as solvents are employed for 

analytical evaluation. 

 

Cell culturing and initiation of ISOIM 

BGC823, MGC‑ 803 and HGC‑ 27 tumor cells are attained from the lab in China. These cells were 

further cultivated in RPMI‑ 1640 medium by 10 % FBS as well as 5 per cent CO2 at 37˚C for 48 hr. 

Cells are then equipped by RPMI‑ 1640 media comprising different concentrations such as, 0.025, 

0.05, 0.10, 0.15 and 0.2 mM of ISOIM at 24 hr after sowing. 

 

MTT assay 

BGC‑ 823 tumor cells are sowed on 96‑ well plates followed by cultivation for 24 hr, cells are 

preserved by numerous concentrations of ISOIM as mentioned earlier for 48 hr. Then, the media 

were removed followed by 20 μl MTT were introduced to all well. Cells are then nurtured for 4 hr 

at 37˚C, after that where the medi0um is substituted by 150 μl dimethyl sulfoxide (DMSO). 

Eventually, an optical density (OD) is evaluated by a microplate reading at 490 nm. 

 

H&E stain 

H&E staining of BGC‑ 823 were accomplished as already defined the therapy individual cells were 

preserved by 0.1 mM with an ISOIM for a period of 48 hr. 
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Hoechst 33258 as well as AO or EB stain 

Cells are then splashed by PBS after being static in 100 per cent methanol for 5 minutes. BGC823 

cells (105/ml) were planted onto microscope slides and dyed with Hoechst 33258 for 10 minutes at 

room T before being examined below a fluorescence microscope (FM). The cells in the therapy 

group were given 0.1 mM ISOIM for 48 hours. After three washes in PBS, the control as well as 

treated individuals are colored by AO or EB stain solution at room T for three minutes and viewed 

under a FM. 

 

FCM study cell cycle of BGC‑ 823 

Assays for FCM are carried out as defined earlier [10]. The cells in the therapy group were given 

0.05, 0.10 and 0.15 mM with an ISOIM for a period of 48 hours. 

 

FCM study of programmed cell death 

BGC823 cells were treated for 10 minutes at room T in Annexin V fluorescein isothiocyanate. 

Sections were stained with 10% PI staining solution at room T after centrifugation and 

coprecipitation with Annexin VFITC binding buffer.  Flow cytometry was used to detect cells after 

sieving with a 200-mesh sieve. The cells in the therapy group were given 0.1 mM ISOIM for 48 

hours. 

 

WB study 

WB assays are mentioned in details beforehand [11]. The cells in the therapy group were given 

0.05, 0.1, as well as 0.15 mM with an ISOIM for a period of 48 hours at a temperature of 37˚C. 

 

Numerical study 

SPSS software is employed for descriptive statistics, which included the determination of half 

maximal inhibitory concentrations (IC50). Database from nearly 3 self-determining trials were 

offered as mean standard deviation (SD). For the study of two or more datasets, Student's t-test or 

one way analysis of variance (ANOVA) tracked through Bonferroni's study were employed, 

respectively. A statistical significance was based on a distinction of P0.05. 

 

RESULTS AND DISCUSSION 

Anti‑ proliferative impacts 

MTT is being used to find the number of live cells and cell growth because mitochondrial-based 

succinate dehydrogenase in live cells can decrease, MTT turns blue-based purple, H2O inexplicable 

crystalline. Multiple gastric cells, like BGC823, HGC27 and MGC803 were tested in this work. The 

BGC823 cell was found to be the more subtle to ISOIM of all the cell lines tested, hence it was 

selected for more investigation. BGC823 cell growth was decreased by ISOIM in the dosage and 

time-dependent way (Figure 1). Raising the concentrations of ISOIM boosted the cytotoxic activity 

in BGC823 cells (0.025, 0.05, 0.10, 0.15 and 0.2 mM). The inhibitory activity of cells exposed for 

48 hours with ISOIM ranged from 7.69 to 74.92 percent. 

 

 
Figure 1: Cell Suppression rate alters dosage and time dependent way. (A) Exponential multiplying 

BGC-823 cells are preserved at various concentrations of ISOIM. (B) Exponential multiplying 

BGC-832 cells are preserved at 0.125 nM ISOIM at diverse time intervals 
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Cellular shape alters in BGC‑ 823 cells stimulated through ISOIM 

BGC823 cells showed morphological alterations in apoptotic going to follow ISOIM therapies, such 

as decreased size, cellular membranes shrinking, nuclear pyknosis, lowered amounts of nucleoli, 

strongly reduced nuclear chromatin, potential as well as foaming from the cellular membranes 

(Figure 2 to 4), as well as reduced size, biological membranes reduction, nuclear pyknosis, lowered 

numbers of nucleoli, extremely compressed nuclear chromatin as well as burgeoning and frothing 

from figure (Figure 2b, 3b and 4b). 

In BGC823 treated cells with ISOIM, an inequality in the distribution, condensation, and 

karyorrhexis of nuclear fluorescence emerged after Hoechst 33258 staining (Figure 2b). Nuclear 

chromatin went green after AO/EB staining, and pyknotic formed or spherical beadings indicated 

previous cellular damage. Nuclear chromatin curved orange, and early apoptotic cells were depicted 

by pyknotic shaped or spherical beads. In BGC823 treated groups with ISOIM, a large number of 

necrotic cells are known (Figure 4b). Figure 2a, 3a, and 4a show the control condition cells. 

 

 
Figure 2: Structural alterations of BGC-823 cells followed by experience to 0.1 nM ISOIM for 48 

hrs. Structural alterations are envisaged in (A) Control and (B) ISOIM treated group by employing 

an inverted phase-contrast microscope by H and E stain. 

 

 
Figure 3. Structural alterations are imagined by employing a FM by Hoechst 33258 stain (A) 

control and (B) ISOIM treated group. 

 

 
Figure 4: Structural alterations are imagined by a FM by acridine orange or ethidium bromide stain 

in the (A) Control and (B) ISOIM treated group. Arrows designate apoptosis cells. ISOIM denotes 

isoimperatorin 
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ISOIM‑ stimulated cell cycle alters in BGC‑ 823 cells  

FCM study to investigate effects on cell cycle dispersion in BGC823 cells produced by ISOIM in 

order to determine how ISOIM apoptotic cell death. The amount of ISOIM cells in G2 of M stage 

were found to be greater than those of the control group (from 18.49 to 46.96 percent; Figure 5a). 

Standard treatment with ISOIM, a number of cells in =S and G0 or G1 stages reduced. The findings 

suggested that ISOIM is linked to the activation of G2 or M cell cycle followed by death in 

BGC823 cells. At varied dosages of ISOIM for 48 hours, the development of G2/M proteins 

involved such as cyclin A1, cyclin B1, and CDK1 was identified. The findings revealed as a 

transcription of mitosis-promoted components such as cyclin-A1, -B1, and CDK1 were reduced in 

treatment cells comparison by the control cells (Figure 5b). 

 

 
Figure 5: ISOIM impact on BGC-823 cell cycle circulation. (A) Cellular cycle study of BGC-823 

cells by employing FC through PI stain. (B) The Protein stages of cyclin A1, B1 and Cyclin 

dependent kinase 1 are identified by employing western blot study. 

 

Impact of cellular death in BGC‑ 823 cells stimulated through ISOIM 

FCM were also utilized to determine the rate of induction of apoptosis in ISOIM-treated cells. 

Under 0.1 mM ISOIM therapy, the apoptotic rate was 23.77 percent, whereas the early death rate 

was 13.43 percent (Figure 6). The current study's study proved ISOIM's proapoptotic impact on 

BGC823 cells. 

 

Changes in programmed cell death regulatory proteins stimulated through ISOIM in 

BGC‑ 823 cells 

An impact of ISOIM on quantities of apoptotic regulating proteins was investigated by employing 

western blotting to even further explore the putative process of ISOIM-induced death. When 

compared to untreated controls, the quantities of cytochrome c as well as caspase 3 elevated after 

therapy by ISOIM (Figure 7), resulting in a cascade of caspase activation (P0.01) and mitochondrial 

mediated death. Moreover, before to and post ISOIM therapy, Bax levels are increased (P0.01) 

whereas Bcl2 levels fell (P0.05), resulting in a reduction in the antiapoptotic/proapoptotic 

(Bcl2/Bax) protein proportion. 

 

 
Figure 6: Impact of ISOIM on BGC823 cell death. (A) Evaluation of cell death by FC with 

Annexin V-FITC or PI stain as well as the consistent dot-plot graph of BGC-823 cells. (B) Effects 

of death rates followed by therapy at 0.1 mM ISOIM 48 hrs. 
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Figure 7. Programmed cell death stimulated by ISOIM via the mitochondrial‑ based pathway. (A) 

Expression level of various enzymes in BGC‑ 823 cells (B) Effects of programmed cell death 

linked proteins treated at diverse concentrations of ISOIM for 48 hr. 

 

CONCLUSION 

To summarise, the current study found that ISOIM suppresses the cell cycle of BGC823 tumor 

growth during the G2/M transition, decreases multiplication, and causes apoptosis in BGC823 cells 

through stimulating the mitochondrial pathway via activating pro and anticancer properties genes. 

As a result, determining the mechanism through which ISOIM, an anticancer drug, induces 

apoptosis in human BGC823 tumor growth could be critical in both disease prevention and 

antitumor study. 
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