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Abstract. Pineapple (Ananas comosus L.) is a plant in the Bromeliaceae fam-
ily that has pharmacological effects such as antimicrobial, anthelmintic, diuretic,
antidiabetic, and anticancer properties. This review aims to determine the anti-
cancer activity and action mechanism of pineapple (Ananas comosus L.). The
data sources for this review were articles published from 2012 to 2021, which
were obtained from Google Scholar and PubMed databases with the keywords
cytotoxic; Ananas comosus L.; cancer. The inclusion criteria used original articles
or full-text research articles about the potential anticancer activity of pineapple
(Ananas comosus L.) through in vivo and in vitro studies published between 2012
and 2021, while the exclusion criteria used were non-full text articles discussing
the anticancer activity of pineapple (Ananas comosus L.). The search results on
Google Scholar and PubMed search engines yielded a total of 594 articles, of
which 468 articles were published within the last 10 years. Then, the articles
obtained were identified, resulting in 8 articles that met the inclusion and exclu-
sion criteria. The results of the analysis showed that pineapple (Ananas comosus
L.) has anticancer activity from secondary metabolites, namely flavonoids and
bromelain enzymes contained in pineapple (Ananas comosus L.). Bromelain and
flavonoids in pineapple plants have anticancer activity by inducing apoptosis in
cancer cells through p53 induction mechanisms, upregulation of Bcl-2 which is an
anti-apoptotic protein, upregulation of Bax which is pro-apoptotic protein, induc-
tion of caspases, decreased expression of COX2, and regulating the MAPK and
Akt/PKB pathway to inhibit NF-kB pathway.
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1 Introduction

Cancer is a disease characterized by uncontrolled cell growth caused by a malfunction in
the cell regulatory mechanisms regulating proliferation and differentiation. The number
of cancer patients continues to increase year after year and no effective treatment has
been discovered, so cancer is a disease that is a serious concern in the medical field [1].
According to the Indonesian Ministry of Health [2], Indonesia (136.2/100,000 people)

© The Author(s) 2023
A. Sri Wahyuni et al. (Eds.): ICB-Pharma 2022, AHCPS 3, pp. 210–226, 2023.
https://doi.org/10.2991/978-94-6463-050-3_18

http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-050-3_18&domain=pdf
https://doi.org/10.2991/978-94-6463-050-3_18


Literature Review: Cytotoxic Activity of Pineapple 211

has the eighth highest cancer incidence in Southeast Asia and the 23rd highest in Asia.
Lung cancer has the highest incidence rate per 100,000 people in Indonesia, at 19.4
people per 100,000, with an average mortality rate of 10.9 people per 100,000 in male
patients, followed by liver cancer at 12.4 people per 100,000, with an average death rate
of 7.6 people. Breast cancer has the highest incidence rate among women, with 42.1
population and an average mortality rate of 17 people [2], followed by cervical cancer
with 23.4 population and an average death rate of 13.9 population. Cancer has long been
one of the leading causes of death worldwide [3].

Radiotherapy and chemotherapy are the most common cancer treatments and are the
most effective in curing cancer. However, this method has several drawbacks, including
chemotherapy which can harm organs, such as the kidneys, lungs, and liver. Meanwhile,
radiotherapy can cause cell and tissue damages as well as burns. Food ingredient, partic-
ularly fruit, is one of the supporting therapy attempts to conquer cancer. The biological
activity of several foodstuffs, including fruits, has demonstrated its potential in inhibiting
cancer cells, one of the fruits that can be used is pineapple (Ananas comosus L.) [3].

Ananas comosus L., commonly known as pineapple, is a monocotyledonous plant in
the Bromeliaceae family. Pineapple has been extensively researched around the world
to understand and explore its potential as an anticancer. Pineapple plants produce waste
that is frequently disposed of because people only consume the fruit, which has a sweet
taste. Waste from pineapple can be converted into products with added value. Wastes
that can be utilized include leaves, skin, pineapple crown [4], and pineapple weevils
that have not been optimally used [5]. A study conducted by [3] showed that pineapple
fruit contains antioxidants from various phytochemicals such as phenolic compounds
and flavonoids, where antioxidants work by capturing free radicals so that they can
inhibit cancer cell proliferation and become anticancer agents. In addition, pineapple
also contains chemical compounds such as the enzyme bromelain. Bromelain enzyme
has antibiotic, antibacterial, anti-inflammatory, anticoagulant, antitumor, and anticancer
properties [5]. Therefore, pineapple (Ananas comosus L.) has been widely studied to
explore its potential as an anticancer agent.

Apoptosis, or programmed cell death, is a critical part of the cancer development
process. Flavonoids can cause apoptosis by reducing DNA topoisomerase I/II activ-
ity, lowering Bcl-XL and Bcl-2 gene expression, decreasing reactive oxygen species
(ROS), modulating signaling pathways, endonuclease activation, and increasing Bax
and Bak gene expression [6]. In addition to flavonoids, the bromelain enzyme found in
pineapple can induce apoptosis by inhibiting tumor cell proliferation and differentia-
tion, as demonstrated in a study by Naritasari, et al. [7], which found that the ethanolic
extract of pineapple weevil has anticancer activity against the human tongue squamous
carcinoma cells through apoptosis induction.

The purpose of this review is to determine the anticancer activity of the pineapple
plant (Ananas comosus L.) as well as the mechanism of secondary metabolite action or
other compounds that can be isolated from the pineapple plant against cancer cells that
have been tested and studied in previous studies and published in the available literature.
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Fig. 1. Selection Stages

2 Method

The articles for the literature review were obtained from literature search databases such
as Google Scholar and PubMed. The keywords used to search the articles were Ananas
comosus L. or pineapple; cancer; anticancer activity; cytotoxicity. The articles obtained
were then manually identified. Article eligibility was determined using inclusion criteria
and exclusion criteria. The inclusion criteria were original articles or full-text research
articles published between 2012 and 2021 that discussed the potential anticancer activity
of pineapple (Ananas comosusL.) through in vitro and in vivo studies,while the exclusion
criteria used were non-full text articles that discussed the anticancer activity of pineapple
(Ananas comosusL.). The articleswere then arranged, accompanied by information such
as the author’s name, year of publication, the media used in the experiment, and the final
results of the research (Fig. 1).

3 Results and Discussion

The search results on the Google Scholar and PubMed search engines resulted in 594
articles, of which 468 articles were published within the last 10 years. The papers were
then identified, and 8 articles matching the exclusion and inclusion criteria, as shown in
Table 1 were acquired.

Gupta et al. [8] conducted a cytotoxic test using the MTT assay method on Ananas
comosus L. fruit extract and a phytochemical analysis using gravimetric and colorimetric
methods. The results revealed that A. comosus contains flavonoids, alkaloids, saponins,
and tannins, with the highest flavonoid content, and has very low cytotoxic activity with
IC50 values, namely IC50 cervical cells (HeLa): 53.41± 0.32μg/mL; IC50 breast cancer
cells (MCF-7): 50.82 ± 0.36 μg/mL; IC50 hepatocellular carcinoma cells (Hep G-2):
51.87 ± 0.29 μg/mL; IC50 bone sarcoma cells (MG-63): > 100.00 μg/mL. In 2015,
Gani et al. [9] investigated the antiproliferative activity of pineapple flesh, core, and
stem against ovarian and colon cancer cells. Pineapple is known to have antiprolifera-
tive activity obtained from bromelain. Bromelain has many health benefits, including
immunomodulatory, digestive, anti-inflammatory, and anti-cancer properties. Isolation
of bromelain was carried out using the precipitation method, the clarified pineapple
juice was precipitated by adding 55% ammonium sulfate at 4ºC with constant stirring
overnight. Bromelain extracted from the pulp, core, and stem of pineapple fruit was then
tested for its anticancer properties using the MTT assay method. The results showed
that pineapple had antiproliferative activity in cancer cell lines A2780 and HT29 at
concentrations of 100 and 1000 μg/mL, with IC50 values in cancer cell lines A2780 of
280.54 μg/mL; 231.71 μg/mL; 280.54 μg/mL in the pulp, core, and stems of pineapple



Literature Review: Cytotoxic Activity of Pineapple 213

Table 1. The results of a review of articles on anticancer activity in pineapple plants (Ananas
comusus L.)

Reference Plant parts Cancer cells Research result (μg/mL)

[8] whole pineapple HeLa, MCF-7, HepG2,
MG-63

IC50 HeLa: 53,41 ± 0,32
IC50 MCF-7: 50,82 ± 0,36
IC50 HEP-G2: 51.87 ± 0.29
IC50 MG-63: > 100.00

[9] Flesh, core, pineapple
stem

A2780 dan HT29 IC50 A2780: flesh: 280, 54;
core: 231, 71; stem: 280.54
IC50 HT29: stem: 267, 30;
core: 324, 34

[10] Pineapple pulp, skin,
core and crown

MCF-7, A549, HCT116 Unfermented pineapple
extract:
IC50 MCF-7: 32,00 ± 3,50
IC50 A549: 30,72 ± 3,80
IC50 HCT116: 23,16± 3,22
Fermented pineapple
extract:
IC50 MCF-7: 27,43 ± 2,81
IC50 A549: 26,36 ± 2,90
IC50 HCT116: 19,33± 2,11

[11] Pineapple leaves SKOV-3 dan MCF Leaf extracts grown in the
field and in vitro showed
low cytotoxic activity
(<50% inhibition) against
SKOV-3 and MCF-7 cancer
cells.

[12] Pineapple types of
Pattavia and Nanglae

HepG2 IC50 nanas pattavia: 22,40
IC50: nanas nanglae: 24, 28

.[3] Whole pineapple flesh
with crown

T47D IC50: 488, 00

[13] Whole pineapple T47D IC50: 741, 46

[14] Whole pineapple MCF-7, SKOV, HeLa IC50: MCF-7: > 100
IC50 SKOV-3: > 100
IC50 Hela > 100

for 24 h. Then the bromelain HT29 cancer cell line has an IC50 value of 267.30 μg/mL;
324.34 μg/mL on pineapple stems and core tested for 24 h. Based on the IC50 value
obtained in the research conducted by Gupta et al. [8] and Gani et al. [9], according
to Cho et al. (1998) in [15], the strength of anticancer activity in pineapple is very low
because the IC50 value is > 30 μg/mL.

Then, in 2015, Rashad et al. [10] looked into the anticancer activity of pineapple
waste,which is a by-product of the pineapple production industry composedof fermented
and unfermented pulp, skin, core, and crown residues against the line of cancer cells
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HCT116, MCF-7, and A549. The results showed that unfermented pineapple extract has
anticancer activity against A549, MCF-7, and HCT116 with IC50 values, respectively,
30.72 ± 3.80; 32.00 ± 3.50; and 23.16 ± 3.22 μg/mL and the fermented pineapple
extract has anticancer activity against A549, MCF-7, and HCT116 with IC50 values
26.36± 2.90; 27.43± 2.81; and 19.33± 2.11μg/mL. Based on the IC50 value obtained
in the research conducted by Rashad et al. [10], Cho et al. (1998) in [15] argued that
the strength of anticancer activity in unfermented pineapple extract against MCF-7 and
A549 cells showed very low activity because the IC50 value was > 30 μg/mL, while
HCT116 cells showed moderate anticancer activity because the IC50 value was 11–
30 μg/mL, meanwhile, the fermented pineapple extract showed moderate strength of
anticancer activity in the three cell lines, because the IC50 value was 11–30 μg/mL.

Furthermore, Abdul Halim et al. [11] investigated the anticancer activities of pineap-
ple leaves against human breast cancer (MCF-7) and ovarian cancer (SKOV-3) cell lines.
Pineapple leaves were extracted using methanol as a solvent and then tested for phyto-
chemical content and anticancer activity in pineapple leaves. The results showed that
the phytochemical compounds found in pineapple leaves including flavonoids, tannins,
alkaloids, and sterols, and pineapple leaf extract (Ananas comosus L.) showed low cyto-
toxic activity (<50% inhibition) against SKOV-3 andMCF-7 cancer cells. This is caused
by low amounts of bioactive compounds in pineapple leaves, so pineapple leaves may
not be suitable for use as chemotherapy agents. Then, in 2017, Khamenkhetkarn et al.
[12] investigated the antiproliferative activities of pineapple Patavia and nanglae species
fromNorthern Thailand against theHepG2 cancer cell line. The results of inhibitory con-
centrations at 50% (IC50) of pattavia and nanglae extracts were 22.40 and 24.28 μg/mL.
From these results, pattavia extract was more toxic to HepG2 cells than Nanglae. Based
on the IC50 value, according to Cho et al. (1998) in [15], the pattavia and nanglae
pineapple extracts showed moderate strength of anticancer activity with an IC50 value
of 11–30 μg/mL.

Then, in 2020, Widyanto, Halimah, et al. [3] tested the cytotoxic activity of water
extract of Ananas comosus L. against T47D cell model breast cancer cells by extracting
it using water as a solvent and performing a cytotoxic test using the MTT assay method.
The water extract of Ananas comosus L. is known to have low cytotoxicity with an
IC50 value of 488.003 μg/mL. Nevertheless, Widyanto, Halimah, et al. [3] reported that
pineapple has the potential as a chemopreventive agent in vitro against T47D breast
cancer cells. This research was then continued byWidyanto and Putri et al. [13] in 2020
using methanol as a solvent in the extraction process, and the IC50 value which still had
weak cytotoxicitywas 741, 46μg/mL. It is known that pineapple fruitwater andmethanol
extracts can be used as chemopreventive agents against T47D breast cancer cells. It
is because pineapple contains flavonoids, which can trigger apoptosis in cancer cells
through downregulation of anti-apoptotic cells such as Bcl-XL and Bcl-2. Subsequent
research was conducted by Tuy-On et al. [14] who examined the anticancer effect of
pineapple extracted using 95% ethanol as solvent on MCF-7 (breast cancer), SKOV-3
(ovarian cancer), and HeLa (cervical cancer) cell line, obtaining IC50 results of MCF-7:
> 100 μg/mL; SKOV-3: > 100 μg/mL; Hela > 100 μg/mL. Based on the IC50 value,
Cho et al. (1998) in [15], stated that the strength of anticancer on these results indicates
a very low anticancer activity because the IC50 value is > 30 μg/mL.
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Fig. 2. Catechin (left), Epicatechin (right) [23].

3.1 Active Compounds in Pineapple Plants as Anticancer

The pineapple or Ananas comosus L. is a member of the Bromeliaceae family [16]
that grows in Indonesia, Malaysia, Philippines, Thailand, Kenya, India, China, South
America, and several other tropical and subtropical countries [10]. Several plants in this
family are used in traditionalmedicine to treat various pathologies, with pharmacological
action such as diuretic, antibacterial, anthelmintic, antidiabetic, antitussive, anticancer,
antiproliferative, and pro-apoptotic [17, 18]. The secondary metabolites contained in
pineapple (Ananas comosusL.) include flavonoids, saponins, tannins, alkaloids, phenols,
and terpenoids [19, 20]. In addition to the phytochemical content above, pineapple also
contains the enzyme bromelain, vitamin A, vitamin C, phosphorus, calcium, potassium,
protein, sodium, iron, magnesium, and fiber, which are beneficial for body health [20].

3.1.1 Flavonoids

Flavonoids are polyphenolic compounds that are found in a variety of plants [21].
Flavonoids are most commonly found in fruits, spices, stems, cereals, nuts, vegeta-
bles, flowers, and seeds [22]. Flavonoids are made up of two benzene rings (A and B)
linked by an oxygen-containing heterocyclic ring (C). Flavonoids are classified into
different subclasses based on the structure of rings B and C. There are 6 types of
flavonoids; flavanols, isoflavones, flavanones, flavones, flavonols, and anthocyanidins
[21]. The flavonoid compounds found in pineapple include catechins and epicatechins
(Fig. 2.) which are flavonoid compounds of the flavanol subclass [23]. The benefits of
flavonoids have been widely used as anticancer, antitumor, anti-proliferative, antimi-
crobial, antiviral, antiangiogenic, antimalarial, and antioxidant [22]. Flavonoids have
anticancer activity by inducing apoptosis and have anticancer activity through inhibition
of cell proliferation by cessation of the cell cycle in the G2/M phase, apoptosis, and
autophagy induction [24, 25]. The flavonoid content in pineapple extract is presented in
Fig. 3. [26, 27].

3.1.2 Bromelain

Bromelain is an enzyme found in pineapple (Ananas comosus L.) fruit extract, consisting
of a mixture of both non-protease and protease components [28]. Bromelain is known to
inhibit tumor cells differentiation and proliferation, aswell as to reduce the ability of cells
tomigrate and invade glioma cells and to reducemetastasis in lung cancer [7]. Bromelain
also acts as an immunomodulator and cancer suppressor by increasing the formation
of antibodies to fight cancer by increasing the cytotoxic activity of macrophages and
monocytes. [18] (Table 2 and Fig. 4).



216 D. A. Nida and Haryoto

Fig. 3. The content of flavonoids in pineapple extract [26, 27].

3.2 Mechanism of Apoptosis Induction by Bromelain and Flavonoids in Pineapple
Against Cancer Cells

3.2.1 Effects of Bromelain and Flavonoids in Inducing Apoptosis Through Extrin-
sic and Intrinsic Pathways

Apoptosis, or programmed cell death, is a critical step in the progression of cancer
[6]. There are two types of apoptosis induction by the regulation of caspases. If the
cellular signal that activates apoptosis is of extracellular origin, it is called the extrinsic
pathway, but if the cellular signal is of intracellular origin, it is called the intrinsic
pathway [37]. The extrinsic pathway is a death receptor-mediated pathway that involves
the signaling complex, and the activation complex of procaspase 8 and 10, while the
intrinsic pathway is a mitochondrial-mediated pathway through the apoptosome, and
the activation complex of procaspase 9 [38, 39].

Extracellular signals are used by the extrinsic pathway to initiate apoptosis [35].
Extracellular ligands are a subset of extracellular signals [40]. The extrinsic pathway
induces apoptosis by attaching external ligands such as tumor necrosis factor (TNF),
TNF-related apoptosis inducing ligand (TRAIL), and Fas (Fas-L) to the extracellular
domain of a transmembrane receptor or death receptor including TNF type 1 (TNFR1),
Fas (CD95/Apo1), and TRAIL [41].When an apoptosis signal binds to its death receptor
or an extrinsic pathway through the corresponding extracellular domain of a transmem-
brane receptor on the plasma membrane, the death receptor is activated [38]. Each
receptor can be activated independently by forming a death-inducing signaling complex
(DISC) and recruiting intracellular death domains such as TNF receptor-associated death
domain (TRADD), adapter Fas-associated death domain (FADD), and death effector
domain (DED), which includes procaspases 8 and 10 [41, 42]. DISC induces autocat-
alytic activation of procaspase-8, whereas active caspase-8 effector caspases (caspase-3,
-6, -7) can damage the nucleus and other intracellular structures, causing cell death
[41]. Flavonoids in pineapple can cause apoptosis by increasing the expression of the
proapoptotic gene, namely caspase-8. Its caspase-8 directly processes downstream effec-
tors, namely caspase-3, -6, and -7, and in another pathway, caspase-8 can activate cross-
talk pathways between the death receptor and the mitochondrial pathways through the
cleavage of tBid to Bid [29].
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Table 2. Anticancer Mechanism of Pineapple Plant

Metabolit-e
name

Types of Cancer In vivo/ In vitro Mechanism of action Reference

Flavonoids
(catechins)

SiHa Cells In vivo Improved expression
of the proapoptosis
p53, upregulation
caspase-3, caspase-9,
and caspase-8 genes

[29]

T47D and HFF
cells

In Vitro Inhibit nfkB, decrease
COX-2 expression,
increase ratio from
Bax/Bcl-2,
upregulation p53,
caspase-3, caspase-9,
and down -regulated
PI3K, Akt

[30]

Bromelain A431 cells and
A375 melanoma
cells

In vitro Inhibition of NFkB
activation, decrease in
COX-2 expression,
induction Bax/Bcl-2
ratio, induction
caspase-9 and
caspase-3, termination
of G2/M phase cell
cycle.

[31]

mkn45 cells In vitro Caspase induction,
split p53 induction
supports the direct
extranuclear apoptosis
function of p53,
inhibition of severed
Akt, and decrease in
Bcl-2

[32]

Colorectal cancer
(CRC)

In vitro Block map kinase and
(PI3K)/Akt signaling.

[33]

MCF7 and
MDA-MB-231
cells

In vitro Upregulation of p53
and Bax, lowering the
expression COX-2 and
BcL-2, blocking
NF-κB.

[34]

The extrinsic and intrinsicmechanisms converge after caspase-8 activation. Caspase-
8 activation activates the death agonist of the BH3 interaction domain (BID), a BH3-
only protein, in the extrinsic pathway. BID then activates, causing BAX and BAK to
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Fig. 4. Apoptosis Induction Mechanism of Pineapple Plant [30, 35, 36].

oligomerize and the intrinsic apoptotic process to continue. As a result, both routes
continue to spread along their respective paths, confirming that apoptosis occurs [35].

The intrinsic route begins inside the cell. Internal stimuli such as irreversible genetic
damage, hypoxia, high cytosolic Ca2 + concentrations, and oxidative stress, as well as
the presence of damaged DNA cells or controlled oncogenes, are all triggers for the
initiation of the intrinsic mitochondrial pathway. Aside from these triggers, the release
of pro-apoptotic chemicals like cytochrome-c into the cytoplasm and increased mito-
chondrial permeability activate the intrinsic pathway. [35, 43]. The Bcl-2 protein fam-
ily, which contains both antiapoptotic and proapoptotic activities, controls the whole
system. [44]. There are two main groups in the Bcl-2 family, namely genes encoding
anti-apoptotic proteins such as Bcl-2 and Bcl-XL and pro-apoptosis protein such as Bax
and Bak [45] and by suppressing the pro-apoptotic Bcl-2 family members BAX and
BAK, the anti-apoptotic Bcl-2 protein inhibits apoptosis. [44]. Anti-apoptotic proteins
prevent mitochondrial cytochrome-c release. The balance of pro and anti-apoptotic pro-
teins determineswhether or not apoptosis occurs [45].Members of theB2 cell lymphoma
protein family (Bcl-2) are essential regulators of caspase-9 activation because they can
inhibit or prohibit cytochromes from mitochondrion from entering the program and reg-
ulation of apoptosome formation. [37]. An apoptosome is formed when cytochrome c
joins with Apaf-1 and procaspase-9. Apoptosomes aremulti-protein complexes that con-
tain a seven-spoke ring-shaped complex that activates caspase 9 and then the caspase-3
signaling cascade, resulting in cell death and apoptosis [46]. Bromelain and flavonoids in
pineapple plants induce apoptosis Bax/Bcl-2 ratio by upregulating the pro-apoptotic and
downregulating the anti-apoptotic protein such as Bax and Bcl-2, induction of caspase-9,
caspase-3, and Apaf-1 expression in a variety of cancer cells [30-32, 34, 47].
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Furthermore, intrinsic pathway includes extracellular signaling reception and acti-
vation of pathways such as phosphatidylinositol-3-OH kinase (PI3K)/AKT (pro-
tein kinase B), Ras-mitogen-activated protein kinase (MAPK)/extracellular signalling
protein kinase (ERK) regulator, and COX-2 pathway to induce apoptosis[48].

3.2.2 Effects of Bromelain and Flavonoids in Inducing Regulation of P53

P53 is an important regulator of apoptosis and cell cycle arrest, loss of p53 increases
tumorigenesis [37]. P53 involves in apoptosis because it can cause significant mitochon-
drial outer membrane permeabilization (MOMP), caspase enzymatic apoptosis, chro-
matin degradation, and cytochrome c release. The occurrence of mitochondrial outer
membrane permeabilization (MOMP) is regulated by members of the pro-and anti-
apoptotic Bcl-2 family [49]. Bromelain and flavonoids in pineapple plants can induce
apoptosis through p53 upregulation mechanisms, by inducing the release of mitochon-
drial cytochrome c, p53 induction can promote the occurrence of direct extranuclear
apoptosis of p53. Besides, p53 can activate effector caspases such as caspase-3 and
other caspases [29, 30, 32, 34, 47].

3.2.3 Effects of Pineapple in Blocking MAPK Signaling and Akt/Protein Kinase
B.

The mitogen-activated protein kinase (MAPK) is an important pathway for human can-
cer cell survival [50]. The MAPK pathway is a complex regulatory network of inter-
connected pathways that can affect a variety of physiological processes such as cell
metabolism, growth, differentiation, and apoptosis [51, 52]. There are four independent
MAPK pathways, the MAPK/ERK family or classical signaling pathways, and the Big
MAP Kinase-1 (BMK-1), c Jun N-terminal kinase (JNK), and the p38 signaling fam-
ilies [50]. Bromelain can increase apoptosis-associated proteins while decreasing NF-
B-driven Cox-2 expression in mouse skin cancers by blocking MAPK and Akt/protein
kinase B signaling, [47].

3.2.4 Effects of Pineapple Plants in Lowering COX-2 Expression

COX-2 is linked to carcinogen generation, tumor development, angiogenesis inhibition,
and metastatic processes. Overexpression of COX-2 can inhibit apoptosis and enhance
the expression of the antiapoptotic protein Bcl-2 by activating the MAPK/ERK path-
way [48, 53]. Inhibition of apoptosis will cause cancer cells to continue to grow so that
increased COX-2 expression and increased anti-apoptotic protein Bcl-2 can block apop-
togenic substances like cytochrome c out of mitochondria [53]. Bromelain induction of
Cox-2 in mouse skin involves a number of transcription factors, including NF-kB [54].
Bromelain and flavonoids found in pineapple plants inhibit the activation of NF-kB,
which reduces COX-2 expression. The bromelain-inhibited Akt cell survival protein
may also be linked to NF-kB regulation [30, 31, 34, 47].
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Fig. 5. Mechanism of Cell Cycle Inhibition by Bromelain [ Adapted from [57].

3.2.5 Effects of Pineapple Plants in Inhibiting NF-KB

In mammals, the nuclear factor-k-light-chain-enhancer of activated B cells, also known
as NF-kB, is a key modulator of the immunological and inflammatory responses. NF-kB
was first discovered in activated B cells as a protein that interacts with the enhancer
element of the immunoglobulin kappa light chain gene. The NF-kB pathway activates
multiple target genes, including antiapoptotic proteins from the Bcl-2 family (Bcl-xL,
Bcl 2), and has been demonstrated to protect cells from apoptosis [37]. Under certain
conditions, NF-kB can also increase transcription of ras, c-myc, p53, and PKB/Akt
which is a proapoptotic target gene [31]. Thus, the balance between pro-apoptotic and
anti-apoptotic signaling components is key in the process of cell apoptosis [37]. NF-kB
functions as a “signaling center” for increasing growth factors, cytokines, and inflamma-
tory mediators, and it interacts with numerous other signaling pathways [31]. NF-kB can
be activated through the expression of Akt, which can inhibit the apoptotic process [55].
Withdrawal of extracellular signaling molecules, oxidative and osmotic stress, irradia-
tion, chemotherapeutic drug treatment, and ischemia shock have all been linked to Akt
as an anti-apoptotic factor. Many cell types have anti-apoptotic effects when Akt is over-
expressed, resulting in resistance or delayed cell death [56]. Bromelain and flavonoids
can also induce apoptosis by downregulating NF-B by downregulating Akt [30, 31, 34,
47].

3.2.6 The Mechanism of Cell Cycle Inhibition by Pineapple Plants

The cell cycle is a complex stage found in eukaryotic cells that consists of the replication
of the genetic model, timing of cell division, and protein-enzyme interactions [58]. This
stage of the cell cycle consists of two different phases; the first is mitosis (M), which
occurs when the cell undergoes cell division, and interphase, which includes the G1
phase, the S phase, and theG2phase.After interphase, the cell returns toG0 (quiescence).
In the G1 phase, the process of RNA and protein synthesis carried out to prepare DNA
synthesis in the S phase is called theG1 phase or pre-DNA synthesis phase. Furthermore,
the initial time until the cell’s DNA replication is complete is called the S phase, after
which genetic informationwill be transmitted to daughter cells from theMphase division
through DNA replication to ensure stable genetic traits. Therefore, the S phase is the
critical phase of the cell cycle. TheG2phase, also knownas the pre-division phase, occurs
between the completion of initial replication and the beginning of mitosis. During this
time, RNA and proteins directly related to mitosis, such as tubulin, microfilaments, and
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other important factors involved in mitosis regulation, are synthesized. The M phase
takes place when the chromosomes are divided into two daughter cells. In the process of
cell development and reproduction, the end of the previous cell cycle usually marks the
beginning of the next cycle, although some cells do not enter the next cycle and instead
briefly enter the G0 phase. Mitogens cause cells in the G0 phase to transition to the G1
phase [57, 59].

Several cyclin-dependent kinases (Cdks work in tandem with their cyclin partners
to regulate the cell cycle. Mitogenic signals activate cyclin-dependent kinases (Cdks),
which are important in cell cycle regulation and can be blocked by checkpoint acti-
vation in response to DNA damage [60]. Cyclin-dependent kinases (Cdks) have a
serine/threonine-specific catalytic core that binds to the cyclin, a regulatory compo-
nent that regulates substrate specificity and kinase activity [61]. The checkpoint is a
sensor that monitors each phase of the cell cycle as well as the transition from one
to the next. Checkpoints can prevent the transition from proceeding to the next phase
until the previous one has been completed. The checkpoint’s purpose is to identify any
genetic fault repair, prohibit uncontrolled cell division, and ensure that both daughter
cells inherit a complete copy of the genome.When a problem is detected, the checkpoint
is activated, causing cell cycle arrest. When the problem is resolved, the checkpoint is
deactivated, and if the repairs are not successful, the cell is driven towards senescence
or apoptosis. Once the chromosomes have been correctly duplicated, the cell can enter
G2, another cleft phase, to prepare for mitosis (M), [62].

The transition from the G2 phase to mitosis causes morphological and physiological
changes in a proliferating cell. A network of the stimulator, inhibitory, and phosphatase
protein kinases, led by Cdk1-cyclin B1, regulates the process of cells entering themitotic
phase [63]. Cylin B binds to Cdk1, controlling the M phase of the cell cycle [61]. Cyclin
B1 is also critical for triggering the G2/M transition [63]. Cdk1 is one of the key kinases
that drives cells into the mitotic phase, and its activation requires cyclin B binding
and T-loop phosphorylation. The cyclin B-Cdk1 complex is inactivated by Myt1 and
WEE1 phosphorylation of Thr14 and Tyr15 prior to the mitotic phase. Prior to mitosis,
WEE1 andMyt1 are downregulated to allow Cdk1 activation. In mammalian cells, Myt1
inactivation is linked to Plk1 and Cdk1 phosphorylation [64].

To enter mitosis, cyclin B/cdk1 must be dephosphorylated by cdc25 phosphatase
because cyclin B/cdk1 remains inactive until the end of G2 due to inhibition of phos-
phorylation of threonine 14 (Thr14) and tyrosine 15 (Tyr15) of cdk1 [65]. The presence
of checkpoint activation induced by DNA damage during G2 prevents activation of the
cyclin B/cdk1 complex by the Cdc25C phosphatase, and as a result, mitotic entry is
blocked [66]. The checkpoints present in the S and G2/M phases are Chk1 and Chk2,
which are Checkpoint Kinases belonging to the serine/threonine protein kinases that are
the main regulators of the S and G2/M checkpoints. Chk1 phosphorylates and inhibits
cdc25 prevent damaged cells from progressing to the mitotic phase. Inactivating Chk1
allows for uncontrolled cell cycle regulation in the presence of DNA damage, as well as
premature mitotic entry, which leads to mitotic failure and cell death [65].

Human polo-like kinase 1 (Plk1) is a kinase with a serine/threonine kinase domain
at the amino-terminal and is present in the polo box at the carboxyl-terminal. Polo-like
kinase 1 (Plk1) is an important target ofDNAdamage checkpoints and is a kinase required
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for cells to enter the mitotic phase after recovering from DNA damage checkpoints
[67]. Inhibition of Plk1 may lead to sensitivity to inhibitors of other pathways, such as
androgen signaling inhibitors, thereby preventing cancer tumor growth. Several studies
have shown increased levels of Plk1 expression in cancer, which causes cancer cells
to overgrow and invade tissues. As a result, inhibiting Plk1 activity in cells causes cell
cycle arrest, inhibits tumor growth, and results in cell death, thus allowing for increased
human survival [68]. According to Bhui et al. [31], bromelain can inhibit the G2/M
phase cell cycle by decreasing the expression of cyclin B1, and Polo-like kinase-1 and
increasing myt1 expression.
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