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Abstract

Medicinal plants have always been seen as the best and easiest way to treat various health issues.
Bromelain is a mixture of chemicals taken from pineapples and is used in many different ways, such as
in medicine, health products, food, and beauty products. Br has different positive effects on the body,
including: antibacterial, antioxidant, anti-cancer, healing wounds, treating burns, relieving pain, reducing
inflammation, preventing blood clots and dissolving blood clots. However, many proteins can be easily
damaged and changed, which can reduce their effectiveness. Tiny particles called nanoparticles can make
drugs stronger and easier for the body to use. This could help with getting drugs to the right place in the
body and making them more effective. This survey is to find out different ways to make Br more effective.
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Introduction

Herbal medicines such as bromelain have long been considered affordable and readily
available treatments for many health conditions. The therapeutic benefits of BR are many,
because in the structure of pineapple (Br) there are enzymes that lead to antibacterial,
antioxidant, anti-cancer, wound healing and anti-inflammatory properties [1]. It may also
reduce the risk of cancer, diabetes and cardiovascular disease. Additionally, bromelain
improves antibiotic bioavailability and supports the immune system. However, storing and
stabilizing bromelain is important to maximize its effectiveness [2]. Various methods have
been investigated to improve the stability of bromelain, such as chemical modification, protein
engineering, and use of nano systems [3]. The presence of drugs in nanometer-sized particles is
a promising approach because it increases stability against enzymatic denaturation, prevents
rapid clearance, and increases bioavailability. Nano drug in the body leads to increased
solubility, penetration and cytotoxicity. In addition, the small size of nanoparticles leads to
efficiently adsorb and interact with biomolecules [4-7]. In this review article, the study of the
therapeutic properties of bromelain is discussed as a therapeutic potential in biotechnology.

Therapeutic applications of nanoparticles containing bromelain

The use of NPs to encapsulate drug molecules has been shown to improve solubility,
stability, permeability, and bioavailability [8]. NPs can also be used to deliver drugs in a
controlled release manner into target tissues. In one study, hydrogel particles made from
starch and pectin were used to deliver a drug called Br through the gastrointestinal tract [9].
This method leads to a controlled and sustained release of Br. Another study showed that Br
immobilized on gold NPs showed improved stability and specific activity, as well as increased
sensitivity to inhibition by protease inhibitors. These results highlight different methods
using Br nano formulations to improve treatment efficacy [10].

Toxicity and side effects

After oral administration, the body completely absorbs Br. There are no significant side
effects with long-term use [11]. Even Br reduces the side effects caused by radiotherapy
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and chemotherapy in cancer treatment. Br has shown promising
results as a clinical treatment for human breast cancer and mucin-
producing peritoneal tumors [12]. Clinical and preclinical studies
have reported that the toxicity profile of Br has few toxic effects
[13]. Br exhibits significant anticancer properties against ovarian
and colon cancer cell lines, but is toxic to healthy cell lines.
Therefore, it is essential to create a safe targeted delivery system
to minimize the negative effects of Br on healthy cell lines while
maximizing the toxic effects of Br on tumor sites [14]. The lethal
dose (LD50) in mice is >10g/kg [15]. Another study reported no
significant changes in blood coagulation parameters even after
administering up to 3000 FIP units of Br per day [16]. In general,
the cytotoxic effects of Br are dose-dependent [17]. Therefore,
side effects at various doses should be investigated to determine
optimal intake limits and effective doses. Further clinical research
is needed to obtain reliable results about the toxic effects of Br on
the body and normal cells.

Bioavailability and delivery system

Br is absorbed through the intestinal epithelium and has high
bioavailability. In its active form, it can bind to two anti-proteinases
in the blood [18]. Over the years, new methods have been
developed to improve the cancer-fighting ability of Br from the lab
to the patient’s bedside. Improving how well the body can use Br
as a healthy compound using new medical nano formulations is a
very promising method. Administration of Br is performed alone or
in combination with other molecules in various studies. However,
one of the best delivery methods is nanoparticle formulations,
which can be effectively used as a new approach for cancer
chemotherapy [19]. To fight cancer, it is necessary to develop nano
delivery systems that enhance protease activity or sustainably
release Br (38). As a proteolytic enzyme, Br increases the binding
affinity and changes the surface of the particles. Br acts as a
surface conditioning agent for lacto-bionic acid-modified chitosan
nanoparticles and enhances their penetration into tumor cells [20].
Studies have shown that Br nanoparticles inhibit the proliferation
of MCF-7 BC cells. These nanoparticles extend lifespan, reduce cell
proliferation, increase apoptosis, improve chemosensitivity and
inhibit cancer cell proliferation. Br nanoparticles and pineapple
nanoemulsion were more likely to be released from breast cancer
cells [21-23]. Additionally, studies have shown that Bris significantly
reduced when combined with nanoparticles (magnetic carbon
nanoparticles). Furthermore, sustained release of synthesized
magnetic carbon nanoparticles may result in significant cancer
cures [24]. Br nano capsules also have a stronger antiproliferative
effect than Br solution [25]. Br can be delivered to target organs
using various nanostructured materials for cancer treatment and
prevention [26].

Cancer therapy

Br has been found to have effects on breaking down proteins
and boosting the immune system. This may help stop cancer cells
from growing and spreading. Previous studies have suggested that
Bromine can affect how certain qualities in cancer cells behave,
possibly making it a future treatment for cancer. Bromelain is

believed to affect tumors in three different ways at the cellular
level [27]. Firstly, it regulates the expression of genes important
for cell differentiation and proliferation. Secondly, it induces cell
death through apoptosis/autophagy [28]. Lastly, it blocks the cell
cycle by inhibiting necessary cyclins. In recent studies, chitosan-
bromelain NPs were prepared using a cross-linking method and
freeze-dried for stability. These NPs showed higher enzymatic
activity and increased encapsulation rate compared to free Br.
Another study investigated the antioxidant, antiproliferative, and
antimigration activities of chitosan-bromelain NPs and observed
inhibition in specific tumor cell lines [29]. However, the slow
release of protein from the NPs may have reduced the activity of
Br [30]. The combination of chitosan NPs, lacto-bionic acid, and
Br was used to deliver doxorubicin specifically to tumors. This
helped the doxorubicin to get into the tumors better. Tiny magnetic
particles with Br and folic acid attached to them showed better
ability to fight tumors than particles with just Br or folic acid
by themselves [22-25]. Eudragit-coated Br-PLGA NPs showed
improved antitumor effects and sustained release compared to
free Br. Br formulated with PLGA NPs was shown to protect skin
cells from carcinogenicity and induce apoptosis-inducing genes in
a mouse model. Magnetic carbon NPs and nanotubes were used
to encapsulate Br, demonstrating antitumor effects and inhibiting
breast cancer cells. Overall, Br shows promise as a potential
anticancer agent with various delivery systems and mechanisms of
action being explored [26-30].

Conclusion

Br has demonstrated promising anti-cancer effects against
breast cancer in both laboratory and animal studies. Its mechanisms
include reducing inflammation, modulating the immune system,
inhibiting cancer cell growth, and promoting cell death in breast
cancer cells. Although there have been reports of minor side effects,
Br is generally considered safe as a natural remedy. However,
more research is needed to confirm its effectiveness. When used
in combination with chemotherapy drugs like cisplatin, Br has
shown to enhance treatment outcomes by reducing drug toxicity.
Apart from its potential in treating breast cancer, Br has also been
explored for its therapeutic benefits in cardiovascular diseases and
skin disorders. Nanotechnology has been used to make Br stronger
and more effective. Encapsulation is a good way to make it work
better as a medicine. Helpful tests are needed to study the healing
effects and possible risks of nanoparticles that contain Br.
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