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Summary

Purpose: The main purpose of the current research work 
was to investigate the anticancer effects of Mahanimbine 
alkaloid in human bladder cancer cells along with examining 
its effects on cellular apoptosis, cell cycle phase distribution, 
and cell autophagy. 

Methods: Cell viability was examined by WST-1 cell viabil-
ity assay. Mahanimbine-induced apoptosis was examined by 
fluorescent microscopy using acridine orange (AO)/ethidium 
bromide (EB) staining as well as using flow cytometry in 
combination with annexin-v/propidium iodide (PI) staining. 
Further, western blot assay was used to study the effects of 
Mahanimbine on apoptosis-related protein expressions in-
cluding Bax and Bcl-2. Autophagy induction was evaluated 
by transmission electron microscopy (TEM) and western blot. 
Flow cytometry was used to study the effects on cell cycle. 

Results: The results showed that Mahanimbine decreased 
the viability of the human bladder cancer cells and exhibited 
an IC50 of 32.5 µM. The test molecule also caused remark-
able changes in the morphology of human bladder cancer 

cells and inhibited their colony forming potential. The AO/EB 
staining assay showed that Mahanimbine inhibits the viabil-
ity of cancer cells via induction of apoptotic cell death which 
was associated with increase in Bax and decrease in Bcl-2 
levels. The apoptotic cells increased from 5.2% in control to 
around 75% at 100 µM concentration. Mahanimbine also 
led to dose-dependent G0/G1 cell cycle arrest. Autophagic 
vacuoles appeared in the treated cells indicating autophagic 
induction by the test molecule. The Mahanimbine-triggered 
autophagy was also linked with increase in the expression of 
LC3II and decrease in p62 expression. However, no apparent 
effects were observed on the LC3 I expression. 

Conclusion: Taken together, the results of this study indi-
cate that Mahanimbine natural product has the potential 
to be developed as a promising anticancer agent against 
human bladder carcinoma but further studies are needed 
to this direction. 
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Introduction

 Bladder cancer (BC) accounts for nearly about 
7% of malignancies prevailing worldwide, espe-
cially in males [1]. BC is counted among the 11 ma-
jor cancers in the world and above 12 million new 
cases of this malignancy arise annually [2]. In past 
few decades, BC-associated mortality and incidence 
increased significantly in developing countries and 

Eastern European countries [3]. There is a number 
of reported risk factors accounting for BC incidence 
including genetic, high body mass index, environ-
mental, nutritional, occupational hazards and be-
havioural factors [4-7]. Among the most important 
risk factors of BC occurrence, opium and cigarette 
smoking addiction are more lethal ones [8]. BC 
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has two subtypes: muscle invasive bladder cancer 
(MIBC) and non-muscle invasive bladder cancer 
(NMIBC). NMIBC is associated with higher risk of 
mortality and poses higher number of challenges to 
researchers. Current effective treatments available 
for BC are surgical resection, chemotherapy with 
gemcitabine, mitomycin C and Bacillus Calmette-
Guérin (BCG), immunotherapy and radiotherapy 
[9]. However, effective treatment regimens which 
would enhance patient survival in case of highly 
metastatic and recurrent BC are lacking [10]. Thus 
to curb such hurdles in the path of BC treatment, 
novel therapeutic approaches are the need of the 
hour. Natural products have been rich sources of 
chemotherapeutic drugs (especially plants and mi-
crobes) in the past, especially due to the huge diver-
sity in plant species. It is supposed that they can act 
as a source of more potential drugs to combat many 
human diseases including cancer [11,12]. Alkaloids 
- a naturally occurring diverse class of compounds 
- are mostly found in higher plants belonging to 
Leguminosae, Ranunculaceae, Menispermaceae, 
Papaveraceae and Loganiaceae [13]. Alkaloids are 
pharmacologically active compounds with signifi-
cant bio-activities including anticancer, analgesic 
and asthma relieving actions [13-16]. Some of these 
alkaloids have successfully being included as poten-
tial chemotherapeutic drugs including topoisomer-
ase I (TopI), camptothecins (CPT) [17], vinca alcal-
oids and others. The current study was performed 
to assess the anticancer potential of Mahanimbine 
in human BC cells by examining induction of G0/
G1 cell cycle arrest, apoptosis and autophagy. 

Methods 

Cell viability assay

 Cell viability was performed through WST-1 cell 
proliferation assay using cytotoxicity assay kit (Beyo-
time institute of Biotechnology, China), following the 
manufacturer’s protocol. Human BC cell line Hs172.T 
and normal bladder cell line RT24 were cultured in 
96-well plates with 200 µl of Dulbecco’s modified Ea-
gle’s medium (DMEM). Both the cell types were in-
cubated in a 5% CO2 incubator at 37°C for 48 h. After 
cells reached 70% confluence, they were subjected to 
Mahanimbine treatment at different doses (0, 2.5, 5, 10, 
20, 40, 80 and 160 µM). Following drug treatment, 10 
µl WST-1 (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulphophenyl)-2H tetrazolium) stock solution was 
added to each well of 96-well plate. Afterwards, cells 
were incubated at 37°C for 2 h and then the optical den-
sity (OD) was determined at 450 nm using a spectropho-
tometer (BioTek, USA).

Cell cycle phase distribution analysis

 Flow cytometry was used for cell cycle phase distri-

bution analysis. In brief, human Hs172.T BC cells were 
harvested and washed with phosphate buffered saline 
(PBS). Washed Hs172.T BC cells were then exposed to 
varying concentrations of Mahanimbine i.e. control, 5, 
10 and 20 µM, followed by fixation with 70% ethanol and 
then again washed with PBS. Next, these treated cells 
were suspended in 50µl/ml of Annexin V/PI and 250 µg/
ml of RNase1 solution and then subjected to incubation 
at room temperature for 30 min. Finally, grouping was 
done and 10,000 cells were placed in each group. These 
treated cells were then analysed through BD FACSCali-
bur flow cytometer.

Cell morphological changes via acridine orange/ethidium 
bromide (AO/EB) staining

 Human Hs172.T BC cells were placed in 24-well cul-
ture plates at a density of 4×105 cells/well. On reaching 
70-80% confluence the cells were treated with varying 
doses of Mahanimbine (12.5, 25 and 50 µM) followed by 
incubation for one day at 37°C in a 5% CO2 incubator. 
Control cells were only treated with dimethyl sulfoxide 
(DMSO) (0.1%). Afterwards, cells were fixed with 4% 
formaldehyde and then stained with 10 µL of AO/EB 
solution for 10 min. Treated stained cells were finally 
observed under fluorescence microscope (Olympus Co., 
Tokyo, BX51TRF, Japan).

Annexin V-FITC/PI double staining for apoptosis analysis 

 Annexin V-FITC/PI apoptosis detection kit (Beyo-
time Institute of Biotechnology, China) was used as per 
the manufacturer’s guidelines. In brief, human Hs172.T 
BC cells were harvested, treated with different doses of 
Mahanimbine (control, 12.5, 25 and 50 µM), then washed 
twice with PBS and binding buffer. Thereafter, treated 
cells were stained with annexin V-FITC/PI in the dark at 
room temperature for 15-20 min. Finally, flow cytometry 
(BD Biosciences, USA) was used to quantify fluorescence. 
Late and early apoptotic cells were recognised by an-
nexin V + / PI + and annexin V + / PI– staining.

Transmission electron microscopy (TEM)

 Human Hs172.T BC cells were collected and treated 
with different doses of Mahanimbine (control, 12.5, 25 
and 50 µM). Treated cells were then fixed for 120 min 
with 2.5% of glutaraldehyde at 4°C. After fixation treated 
target cells were washed using PBS. Washing was fol-
lowed by further fixation with Osmic acid (1%) for 90 
min and then penetrated, embedded and dehydrated. Fi-
nally, ultra-thin slicing device was used to cut minute 
sections which were observed under transmission elec-
tron microscope (Olympus, Tokyo, Japan).

Western blotting analysis for determination of protein 
expressions 

 Human Hs172.T BC cells were treated with vary-
ing concentrations of Mahanimbine (control, 12.5, 25 
and 50 µM), and lysed using RIPA lysing buffer. Each 
lysate bearing protein content was assessed through 
bicinchoninic acid (BCA) assay. First, protein samples 
were added on SDS-PAGE, followed by transference 
to nitrocellulose membranes. Afterwards, these mem-
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branes were exposed to primary antibody treatment at 
4°C for 24h, which was followed by HPR-conjugated 
secondary antibody treatment for one hour at 25°C. 
Protein bands were seen through Chemi- luminescence
reagent.

Statistics

 Data are shown as mean ± standard deviation and 
significance was analysed through one-way analysis of 
variance followed (ANOVA) by Student–Newman–Keuls 
multiple range test. P<0.05 was taken as statistically 
significant. All of the data was analysed through SPSS 
19.0 (SPSS Inc., Chicago, IL, USA).

Results

Cell cytotoxic effects of Mahanimbine on human 
Hs172.T bladder cancer cells

 Cell cytotoxicity of Mahanimbine (Figure 1A) 
on both human BC cell line Hs172.T and normal 
bladder cell line RT24 were estimated via WST-1 
cell proliferation assay. The results suggested that 
the test molecule was a powerful antiproliferative 
agent against BC cells. Further, on increasing drug 
dose concentrations (0, 2.5, 5, 10, 20, 40, 80 and 
160 µM), the cytotoxic effect increased (decreas-
ing viability from 100% to near about 5%) signifi-
cantly indicating dose-dependency (Figure 1B). The 
cytotoxic effects of the test molecule on normal 
RT24 bladder cells were insignificant as compared 
to Hs172.T BC cells. IC50 value of the drug was cal-
culated to be 32.5 µM.

Induction of cell cycle arrest in human bladder cancer 
cell line Hs172.T by Mahanimbine 

 After treatment of human BC cell line Hs172.T 
with varying molecule concentrations (control, 5, 
10 and 20 µM), cell cycle phase analysis was per-
formed through flow cytometry. The results showed 
that the number of G0/G1-phase cells increased 
massively with increasing drug doses as compared 
to G2/M-phase and S-phase cells. The percentage 
of G0/G1-phase cells increased from 20% to about 
70%, indicating significant rise (Figure 2). To vali-
date whether Mahanimbine indeed led to G0/G1-
phase cell cycle arrest, examination of associated 
proteins was carried out through western blotting 
analysis, which clearly indicated significant altera-
tions in the expressions of Cyclin D1, Cyclin D2, 
Cyclin D3 and Cyclin E. The expressions of Cyclin 
D1 and Cyclin D2 decreased with increasing drug 
concentrations and the expressions of Cyclin D3 
and Cyclin E enhanced on increasing drug concen-

Figure 1. A: Chemical structure of Mahanimbine. B: Anti-
proliferative effect of Mahanimbine on Hs172.T BC cells as 
compared to normal RT24 BC cells at various dose concen-
trations for 24 h. All the experiments were carried in trip-
licate and data are expressed as mean ± SD values. *p<0.05. 

Figure 2. Cell cycle analysis of Mahanimbine-treated 
Hs172.T BC cells at varying dose concentrations i.e. con-
trol, 5, 10 and 20 µM for one day. All the experiments were 
carried in triplicate and data are expressed as mean ± SD 
values. *p<0.05. 

Figure 3. Effect of Mahanimbine on the expressions of 
Cyclin-D1, -D2, -D3 and –E. Actin was taken as loading con-
trol. The Figure shows the effects of Mahanimbine on the 
cell cycle related protein expression. All the experiments 
were carried out in triplicate.
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trations (Figure 3), clearly indicating induction of 
G0/G1-phase cell cycle arrest by Mahanimbine.

Induction of apoptosis by Mahanimbine in human 
bladder cancer cell line Hs172.T

 Apoptosis analysis was performed through 
AO/EB and annexin V-FITC/PI dual staining. AO/
EB staining results after drug treatment revealed 
the presence of early and late stage apoptotic cells. 
Early stage apoptotic cells were identified through 
asymmetrical granular yellow-green AO or cres-
cent-shaped nuclear staining. Late stage apoptotic 
cells revealed asymmetrical localized orange nu-
clear EB staining and further, both early and late 
apoptotic cell number increased on increasing drug 
concentrations (0, 12.5, 25 and 50 µM) (Figure 4). 
To quantify the effect of apoptosis induction by the 
test molecule annexin V/FITC/PI double staining 
was performed and the results revealed that the 
number of apoptotic cells increased tremendous-
ly on increasing drug concentrations (0, 12.5, 25 
and 50 µM) (Figure 5). This was further confirmed 
through western blotting analysis by checking 
the levels of apoptosis-related proteins BAX and 
BCL-2. The observations revealed significant dose-
dependent increase in BAX levels and decrease in 
BCL-2 levels (Figure 6). Thus, from the results of 
AO/EB staining, annexin V-FITC/PI dual staining 
and western blotting analysis, it is quite evident 
that Mahanimbine is a potential apoptosis inducer 
in human Hs172.T BCa cells.

Induction of autophagy by Mahanimbine in human 
bladder cancer cell line Hs172.T

 Transmission electron microscopy (TEM) was 
used to examine autophagy induction by Mahan-
imbine. The results indicated that there was sig-
nificant morphological changes in Hs172.T BC cells 
including agglutinated heterochromatin, degener-
ated mitochondrial vacuoles, nuclear swelling and 
the number of intracellular organelles declined. In 
addition, a major observation was the formation 
of autophagic vacuoles in treated BC cells. All the 
morphological changes were observed at control 
and 25 µM drug concentration (Figure 7). Further-
more, western blotting analysis was performed to 
check the expressions of autophagy-related pro-
teins, and the results revealed that there was a 
slight enhancement in the levels of p-62 and LC3B-

Figure 4. Morphological changes under fluorescence mi-
croscope after exposure to Mahanimbine and AO/EB stain-
ing of Hs172.T BC cells. The Figure shows induction of 
apoptosis in these cells by exhibiting yellow and orange flu-
orescence. All the experiments were carried out in triplicate. 

Figure 6. Effect of Mahanimbine on apoptosis-associated 
protein levels as indicated using Actin for internal control. The 
Figure shows dose-dependent decrease of Bcl-2 and increase 
of Bax. All the experiments were carried out in triplicate. 

Figure 5. Apoptosis quantification after Mahanimbine 
treatment using annexin V-FITC/PI staining and flow cy-
tometry. Mahanimbine induced dose-dependent induction 
of apoptosis. All the experiments were carried out in trip-
licate. 



Mahanimbine has anticancer effects in bladder cancer1170

JBUON 2020; 25(2): 1170

II, while no apparent effect was observed on LC3-I 
levels, which clearly indicates that Mahanimbine 
induces autophagic cell death in Hs172.T BC cells 
with a dose-dependent manner (Figure 8). 

Discussion

 Alkaloids are a major class of naturally occur-
ring, pharmacologically active compounds with 
huge diversity. They have shown to play key roles 
in cancer cell growth suppression through topoi-
somerases inhibition (which play a major role in 
DNA replication), expression of p53 gene and apo-
ptosis induction [18]. Some of the alkaloids bear 
structural resemblance with central nervous sys-
tem associated neurotransmitters in humans, like 
acetylcholine, serotonin and dopamine. These ef-
fects of alkaloids on humans have encouraged 
scientists and researchers to develop potential 
anticancer agents and pain-killer drugs. Knowing 
the pharmacological significance of alkaloids and 
research illustrating their mechanism of action 
in the suppression of cancer cell growth would be 
helpful in framing lead molecules and drugs in 
the era of modern drug discovery. Mahanimbine 

is a naturally occurring carbazole alkaloid, found 
and extracted from various plant species [19]. Past 
studies regarding Mahanimbine have revealed its 
significant activity against different human cancers 
like leukemia and pancreatic cancer. The inhibition 
of pancreatic cells was mediated through apoptosis, 
cell cycle arrest, modulation of AKT/mammalian 
target of rapamycin (mTOR) activator and signal 
transducer of transcription 3 (STAT3) signalling 
pathways [20]. Herein, the anticancer activity of 
Mahanimbine was determined through its effect of 
cell cycle arrest, apoptosis induction and autophagy 
induction in human BC cells. WST-1 assay was per-
formed to check the effect of the test molecule on 
cell viability of Hs172.T BCa cells and normal RT24 
BC cells, with results indicating that the cell prolif-
eration was suppressed significantly in case of can-
cer cells in a dose-dependent manner. Flow cytom-
etry was performed to check the cell cycle phase 
distribution, which revealed tremendous increase 
in the number of G0/G1-phase cells as compared 
to S- and G2/M-phase cells, which clearly indicates 
cell cycle arrest at G0/G1-phase. The expressions 
of Cyclin D1 and Cyclin D2 decreased with increas-
ing drug concentrations and the expressions of 
Cyclin D3 and Cyclin E increased upon increasing 
drug concentrations. Next, apoptosis analysis was 
performed through AO/EB and annexin V-FITC/
PI staining, and the results showed formation of 
early and late stage apoptotic cells indicating apo-
ptosis induction was dose-dependent. Apoptosis 
induction by this molecule was associated with 
increasing BAX and decreasing BCL-2 levels. Fur-
ther, the autophagic effect on Hs172.T BC cells by 
the test molecule was evaluated by TEM, and the 
results showed significant morphological changes 
along with formation of autophagic vacuoles and 
it was observed that autophagy was concentration-
dependent. Finally, the expression of autophagy-
related proteins was determined through western 
blotting analysis which depicted significant altera-
tions in p-62, LCB-II, indicating onset of autophagy. 

Conclusions

In conclusion, Mahanimbine was shown to induce 
potent activity against Hs172.T BC cells and the 
results of all the above assays indicate that this 
molecule induces its anticancer effects via cell cy-
cle arrest, apoptosis and autophagy. Thus it may be 
considered as potential therapeutic agent against 
human bladder cancer. 
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Figure 7. Effect of Mahanimbine treatment on Hs172.T 
BC cell morphology using transmission electron micros-
copy (TEM). Compared to the control group, autophagic 
vacuoles and degenerated mitochondria were observed in 
the Mahanimbine-treated group. All the experiments were 
carried out in triplicate. 

Figure 8. Mahanimbine exerted significant effects on au-
tophagy-associated protein levels LC3-I, LC3B-II and p-62. 
Actin was taken as loading control. All the experiments 
were carried out in triplicate. 
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