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Abstract
Bromelain is dotted with anticancer properties on various cancer cell lines. Anticancer pathways 
of bromelain, as well related intervening signalization are under investigation. Investigating the 
inhibitory potential of bromelain on AGS, PC3, and MCF7 cells proliferation and colony formation. 
The bromelain inhibitory potential on AGS, PC3, and MCF7 cells proliferation at various bromelain 
concentrations was assessed by MTT; thereby, bromelain potency on colony formation impediment 
was evaluated using clonogenic assays at determined 50% inhibitory concentrations (IC50) on four 
different cell densities (10, 50, 100, and 200 cells per well). Bromelain inhibits AGS, PC3, and 
MCF7 cells proliferation in such a dose‑dependent manner. Determined IC50 to AGS, PC3, and 
MCF7 cells were 65, 60 and 65µg/ml respectively. At IC50, bromelain significantly suppressed the 
AGS, PC3, and MCF7 cells colony formation at four treated densities (10, 50, 100 and 200 cells 
per well). Plating efficiency percentage and cell surviving fraction were decreased after bromelain 
treatment to AGS, PC3, and MCF7 human cancer cells as a function of initial cell density. The 
50, 50 or 100, and 10 or 50 cells per well were considered to be optimum number of initial cell 
density for AGS, PC3, and MCF7 cells. Cell proliferative and colony formation inhibition are two 
pathways to in vitro bromelain anticancer effects. The current study displayed a dose‑dependent 
inhibitory effect of bromelain, as well impeding colony formation AGS, PC3, and MCF7 human 
cancer cells.
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Introduction
Cancer is considered as uncontrolled 
dysregulated, and anarchic cell proliferation. 
Cancer is well known as one of the main 
leading causes of death in developed and 
developing countries. Several ways such 
as chemotherapy, surgery, radiotherapy, 
immunotherapy,[1] or electrochemotherapy 
have been developed to treat cancer.[2] 
Chemotherapy with single or a combination 
of two or more drugs is one of the mostly 
used treatments for treating different types 
of cancer.[3] However, chemotherapy can 
affect cancer cells as well as healthy cells, 
so its efficacy is often limited by side effects 
in normal tissues. Therefore, researches 
have been continued to find the effective 
and the less toxic anticancer drugs, which 
has created an increasing interest on natural 
products.[4]

Bromelain is an aqueous extract of 
pineapple (Ananas comosus) with a natural 
complex of proteolytic enzymes. Bromelain 
is widely used in traditional medicine in 
South America, China, and Asia, and it 
has an efficient role in activities such as 
digestion, wound healing, burnt debris, 
and enhancement of antibiotic absorption. 
Besides these activities, bromelain 
has been shown immunomodulatory, 
anti‑inflammatory, and anticancer effects. 
Bromelain mostly contains protease 
components (80% stem bromelain, 
10% fruit bromelain, and 5% ananain). 
Phosphatases, glucosidases, peroxidases, 
and cellulases constitute the nonprotease 
part of bromelain. Bromelain showed 
its anticancer feature in face of various 
human cancer cell lines such as leukemia 
lymphoma, sacroma, melanoma, colo‑
rectal carcinoma, lung carcinoma,gastric 
carcinoma, breast cancer, and glioma.[4] 
Bromelain can result in an increase in the 
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expression of p53 and BAX genes and reduction of Akt 
signaling protein.[5]

Colony formation (clonogenic) assay is a commonly 
used technique to assay the survival and proliferation 
of cells under in vitro conditions.[6] Clonogenic assay 
can be used to estimate the reproductive death of cells 
before or after treatment such as irradiation therapy or 
cytotoxic drugs.[7] The anticancer effect of bromelain as 
a single therapy modality or in combination with other 
chemotherapeutic drugs has been shown in some human 
cancer cells.[8]

Breast cancer and prostate cancer are the most common 
malignancies, respectively, in women and men around the 
world.[9,10] In addition, gastric cancer is one of the most 
common cancers among the world and the fourth leading 
cause of cancer‑related deaths worldwide.[11] Therefore, 
the aim of this study was to investigate the effect of 
bromelain as a single therapy on three common human 
cancer cells, namely PC3 (human prostate carcinoma), 
AGS (human gastric carcinoma), and MCF7 (human breast 
adenocarcinoma) cancer cells, using MTT and clonogenic 
assay under in vitro conditions, with different origin and 
phenotype.

Materials and Methods
Cell culture

AGS, PC3, and MCF7 cell lines were purchased from 
the Pasteur Institute (Tehran, Iran). All cells were 
cultured in RPMI‑1640 (Gibco‑Invitrogen, ThermoFisher 
Scientific, Waltham, MA, USA) supplied with 10% fetal 
bovine serum (Gibco‑Invitrogen) and 1% penicillin/
streptomycin (Sigma‑Aldrich, St. Louis, MO, USA) 
in a humidified 5% CO2 environment at 37°C. Cells 
were detached with trypsin/ethylenediaminetetraacetic 
acid (Gibco Laboratories) after reaching 80% confluence.

Cellular growth curves

The three human cancer cells were cultured in 12‑well plates 
at 5 × 103 cells per well in triplicate to obtain doubling time 
(DT) of the cells. The cell culture medium was changed 
twice through 6 days. The cells were counted using trypan 
blue under a microscope after daily trypsinization to obtain 
cellular growth curves. Then, DTs were calculated using 
the following equation: DT = (duration × log2)/(log [final 
concentration] − log [initial concentration]).

Bromelain cytotoxicity

All the studied cells (AGS, PC3, and MCF7) were 
seeded in 96‑well plates. The cells were incubated with 
bromelain at different concentrations (0, 5, 10, 20, 40, 75, 
100, 200, 300, 400, and 600 µg/ml)[12] for 24 h at 37°C.  
3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assay was conducted based on standard 
procedure. Briefly, MTT solution (12 mM) was added to 

each well and was incubated for 4 h. Then, the medium 
was removed, and formazan was solubilized in dimethyl 
sulfoxide (Merck, Darmstadt, Germany). A microplate 
reader (Stat Fax‑2100, Awarness Technology Inc, Florida, 
USA) was used to measure the optical density of each well 
at 570 nm. The percentage of cytotoxicity was calculated 
using the following equation: ([1 − absorbance of treated 
well]/[absorbance of untreated well]) ×100. Then, the 
percentage of cytotoxicity was plotted over the bromelain 
concentrations to obtain the dose–response graph of 
bromelain for the three human cancer cells. Half‑maximal 
inhibitory concentration (IC50) was extrapolated from 
the dose–response graph using GraphPad Prism software 
version 6 (GraphPad Software Inc., San Diego, CA, USA).

Clonogenic assay

The AGS, PC3, and MCF7 cancer cells were seeded in 
6‑well plates at different densities of 10, 50, 100, and 
200 cells/well in triplicate. After overnight incubation, the 
AGS, PC3, and MCF7 cells were treated without or with 
bromelain at determined IC50 concentration for 24 h. Then, 
the cells were kept at 37°C in 5% CO2 for 14 days, and the 
culture medium was changed every 2 days. The cells were 
fixed, and colony morphologies were scored. Colonies were 
fixed with 70% ethanol and were stained with 0.5% crystal 
violet. A cell colony was defiend as a groupe formation 
of at least 50 cells and counted using Image J software 
(National Institutes of Health, Bethesda, Maryland, USA).

Data processing

All experiments were conducted three times. The results 
were presented as a cellular growth curve displaying 
the number of seeded cells in function of incubated 
time. Half‑maximal inhibitory concentration (IC50) was 
obtained from the dose–response graph. Reproductive 
death of the three human cells was measured at their IC50 
using colony number and presented as plating efficiency 
(PE) percentage (number of colonies/number of seeded 
cells × 100) and surviving fraction (SF) (number of 
colonies/number of seeded cells × PE).

Kruskal–Wallis and Dunn’s tests were used to measure the 
statistical significance of the differences in colony numbers 
between the treated and the control groups in colony 
assay, as well cell viability between the treated and the 
control groups in MTT assay. All values were expressed 
as means ± standard errors. Results with P < 0.05 were 
considered statistically significant.

Results
Cellular growth curve

Figure 1 shows the growth curves of the three human 
cancer cells. Doubling time (DT) value was obtained as 
22.11, 29.0, and 22.01 h for AGS, PC3, and MCF7 cell 
lines, respectively [Figure 1].
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Bromelain cytotoxicity

Bromelain inhibits the growth and proliferation of AGS, 
PC3, and MCF7 cells in a dose‑dependent manner. 
Figure 2 shows that the percentage of cell viability 
remarkably decreased by incubation with bromelain at 
concentrations >75 µg/ml. The same results were found in 
the three human cell lines [Figure 2]. At low concentrations 
tested, cell growth was not inhibited by bromelain in AGS, 
PC3, and MCF7 cells using concentrations of 5, 10, and 20 
µg/ml. However, bromelain inhibited cell growth in PC3 
at low concentrations of 40 and 50 µg/ml and in AGS at 
50 µg/ml partially. These results show that MCF7 seems to 
be more resistant to low concentrations of bromelain, due 
to which higher concentration is needed for inhibiting cell 
growth of MCF7.

In this study, 50% inhibitory concentration (IC50) values 
were measured for all the three human cancer cells from 
concentration–response curve [Figure 2]. Similar value of 
IC50 was found in both AGS and MCF7 (65 µg/ml) cells, 
but in PC3 cells, IC50 occurred at 60 µg/ml. However, 
there was no significant difference in IC50 value of used 
cancer cells in this study. Previous studies showed that the 
value of IC50 depends on the type of cancer cell and drug 
treatment.

Clonogenic assay

Bromelain at IC50 concentration significantly suppressed 
the clonogenic formation potential of AGS, PC3, and 
MCF7 cells in vitro. The number of colonies of all the 
three human cancer cells decreased after treatment with 
bromelain at IC50 concentration [Figures 3‑5]. In this study, 
the percentage of plating efficiency and SF decreased after 
treatment with the three human cancer cells (AGS, PC3, 
and MCF7).

In this study, the clonogenic formation potential of three 
human cancer cells was evaluated as a function of initial 
cell density in the absence or presence of bromelain. It 

was observed that the number of colonies increased with 
increasing number of seeded cells per well in untreated cells 
as well as in treated cells. Similar results were obtained 
on AGS, PC3, and MCF7 cell lines, in which the number 
of colonies was equal to the initial cell density. MCF7 
[Figure 5] showed to be more prone to be clonogenic 
compared to AGS [Figure 3] and PC3 [Figure 4] cell lines 
for all conducted initial cell density.

The optimal cell density to bromelain anticancer effect was 
determined for each of PC3, AGS, and MCF7 cell lines. 
In AGS cells, 50 seemed to be the convenient number for 
obtaining reproducible results in this study. Whereas in 
PC3 cells, 10 or 50 had to be considered as the convenient 
number of seeded cells, which is the same result as found 
with AGS cells. However, in MCF7 cells, the convenient 
number was reached at 10 or 50. This result shows that 
MCF7 cells seem to have more clonogenic potentials with 
respect to AGS and PC3 cells.

Discussion
In the present study, we evaluated the anticancer effect of 
bromelain on three human cancer cell lines, namely, human 
gastric carcinoma (AGS), human prostate carcinoma (PC3), 
and human breast adenocarcinoma (MCF7). These three 
various cell lines do be driven by different tumorigenic 
and biochemical signalization evolving in different tumor 
microenvironements. The results showed that bromelain 
inhibits the growth and proliferation of AGS, PC3, 
and MCF7 cells in a concentration‑dependent manner. 
Figure 2 depicts that the percentage of cell viability 
remarkably decreased by incubation with bromelain at 
all concentrations above 75 µg/ml. Similar results were 
found in the three human cell lines [Figure 2]. At lower 
concentrations tested (5, 10, and 20 µg/ml), cell growth 
was not inhibited by bromelain in AGS, PC3, and MCF7 
cells. However, bromelain inhibited cell growth in PC3 
at lower concentrations of 40 and 50 µg/ml and in AGS 
at a concentration of 50 µg/ml partially. These results 
showed that MCF7 seems to be more resistant to the lower 

Figure 1: Cellular growth curves were determined for AGS, PC3, and MCF7 
cells by trypan blue (counting dye technique). Data are mean ± standard 
error of the three independent experiments

Figure 2: Changes in the percentage of viability of treated cells (AGS, PC3, 
and MCF7) with different concentrations (0, 5, 10, 20, 50, 75, 100, 200, 300, 
400, and 600 µg/ml) of bromelain were measured by MTT (optical density 
technique). Cells were incubated for 24 h at 37°C. Data are mean ± standard 
error of at least three independent experiments
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concentration of bromelain, and hence higher concentration 
is essential to inhibit cell growth. These results are in 
agreement with those of previous studies that evaluated 
the anticancer effect of bromelain on different types of 
cancer cells under in vitro conditions.[12‑15] Bromelain 
induced the cytotoxic effects on murine lung carcinoma, 
mammary adenocarcinoma, leukemia, lymphoma, 
sarcoma, melanoma and ascetic tumor cell lines, human 
gastrointestinal carcinoma cells (MKN45, KATO‑III, 
HT29‑5F12, and HT29‑5M21), glioma, breast cancer, 
epidermoid carcinoma, melanoma, malignant peritoneal 
mesothelioma,[16] human skin fibroblasts 1184, human 
cervical cancer cells (HeLa), human breast cancer cells 
(MDA‑MB‑468 and MDA‑MB‑231), and murine breast 
cancer cells (4T1).[8,13,14,16,17]

Previous studies reported on different bromelain IC50 in 
respect to various cancer cell types. Using concentration‑
response curve,calculated bromelain IC50 did not differ 
significantly among PC3, AGS, and MCF7 by the current 
investigation [Table 1].

Furthermore, we have described the effect of bromelain on 
clonogenic formation potential of three cancer cell lines 

Table 1: Surviving fraction was calculated as the ratio of 
colony number in treated wells to the colony number in 

untreated wells at different initial cell densities, for three 
studied human cancer cell lines, namely, human gastric 

carcinoma, human prostate carcinoma, and human 
breast adenocarcinoma cell lines

Cells Percentage of SF various initial cell densities
10 50 100 200

AGS 19.23 53.8 50 51.9
PC3 33.56 40.2 41.9 42.5
MCF7 62.11 59.6 82 81
SF – Surviving fraction

used in this study, namely AGS, PC3, and MCF7 cells. 
Bromelain at IC50 concentration significantly suppressed 
the clonogenic formation potential of AGS, PC3, and 
MCF7 cells in vitro. A study by Nasiri et al.[8] showed 
that bromelain as a single or combination treatment agent 
had clonogenic inhibitory effect on human cervical cancer 
cell (HeLa), human breast cancer (MDA‑MB‑231), and 
murine breast cancer (4T1). In addition, they found that the 
survival rate decreased as a consequence of pretreatment 
with bromelain. Bromelain at IC50 concentration reduced 

Figure 3: Effects of bromelain on clonogenic formation of AGS cells were evaluated by a clonogenic assay, using IC50: 65 μg/ml. Clonogenic assay was 
conducted 14 days after treatment. (a‑d) Untreated cells, (e‑h) treated cells with IC50 of 65 µg/ml as a function of seeded cell number per well; (a and e) 
200; (b and f) 100; (c and g) 50; and (d and h) 10. (i) The percentage of plating efficiency was plotted as the number of seeded cells per well which were 
treated with/without bromelain. Data are presented as mean ± standard error of at least three independent experiments
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the size and number of colonies of HeLa, MDA‑MB‑231, 
and 4T1 cells.[8] Our results are in agreement with those 
of a previous study. The number of colonies of all the 
three human cancer cells decreased after treatment with 
bromelain at IC50 concentration [Figures 3‑5]. In this study, 
the percentage of plating efficiency and SF decreased after 
treatment with the three human cancer cells (AGS, PC3, 
and MCF7). We found results similar to those obtained 
in previous studies, showing the reduction in plating 
efficiency and survival rate of treated human cancer cells 
with bromelain, platinum nanoparticles, phospholipase D 
inhibitor, and flavonoid quercetin.[8,18‑20]

When it came to the relation of initial seeded cell number with 
colony formation, MCF7 cells formed most of the colonies 
at all studied seeding densities [Figure 5] and were different 
from AGS [Figure 3] and PC3 [Figure 4] cells, while AGS 
and PC3 cells were not different from each other. Our results 
in untreated cells are in agreement with previous in vitro 
studies that measured the clonogenicity of human ovarian 
cancer cell lines (CAOV3, COV362, Kuramochi, OVCAR4, 
OVCAR5, OVCAR8, OVSAHO, and SNU119) and human 
prostate cancer cells (PC3, DU‑145, and LNCap),[20] showing 

significant differences in the colony‑forming ability of 
human cancer cells. Similar relation between initial seeded 
cell number and colony formation was found even with 
bromelain treatment; although, the ensuing pattern needs to 
be further elucidated.

The latter pointed out an insightful research direction 
as to determine the optimal cell density to confer 
optimal in vitro bromelain anticancer effect in respect to 
each cell line. MCF7 cell line showed to be of stronger 
clonogenic potency compared to PC3 and AGS cell lines.

Conclusion
In light of the current results, bromelain proved to be of 
in vitro inhibitory impeding on cell proliferation and colony 
formation to three AGS, PC3, and MCF7 human cancer 
cell lines. The advantage of  bromelain anticancer feature 
can be integrated in the frame of ongoing combinational 
treatment with chemotherapeutic agents.
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