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A pentacyclic triterpenoid called corosolic acid (CA) is derived from plants like Lagerstroemia speciosa. It has been
reported to anti-inflammatoryanti-, anticancer, antitumor effects. The
pharmacological activity of its structural analogues, ursolic acid (UA), oleanolic acid (OA), maslinic acid (MA),
asiatic acid (AA), and betulinic acid (BA), are comparable to those of CA. Nevertheless, the pharmacological actions
of CA and its structural analogues have not been documented in a systematic review. Pentacyclic triterpenoids do
not dissolve well in water due to their rigid scaffold and hydrophobic properties, which is a key factor limiting their
application as therapeutic drugs. It has low water solubility resulting poor absorption after oral ad- ministration.
Many studies were reported to have modified the structure of CA and its structural analogs, such as the introduction
of water-soluble sugar group, amino group and other structures and designed formulations to improve its solubility
and bioavailability, novel drug delivery system is the way by which we can improve the oral absorption of drug. This

shown anti-diabetic, individual

review article focusses on a variety of Corosolic acid's biological effects, limits and functionality improvement
directing from published articles. It can be helpful in understanding these effects, which can be applied to

maintenance and treatment of various illnesses.
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INTRODUCTION

Corosolic acid (CA) is a pentacyclic triterpenoid that
is derived from plants like Lagerstroemia speciosa. Its
anti-tumor, and anti-diabetic

properties have been demonstrated. The individual

anti-inflammatory,

pharmacological actions of CA are comparable to
those of its structural analogues, ursolic acid (UA),
oleanolic acid (OA), maslinic acid (MA), asiatic acid
(AA), and betulinic acid (BA). The structural
analogues of CA have four anti-inflammatory and
anticancer actions in addition to their general
hypoglycemic effect. For instance, MA was utilised
for colon cancer and arthritis, whereas UA was used
for encephalitis and breast cancer, among other
conditions. Blood sugar levels are lowered by the
structural analogues of CA. When compared to other
pentacyclic triterpenic acids, corosolic acid has shown

a greater potential anti-diabetic impact'. Corosolic
acid may function through one of two potential
pathways. First, it might increase the sensitivity of the
insulin receptor on every cell in the body. For blood
glucose to reach the body, insulin must attach to this
receptor cells. Increased insulin levels can harm the
brain, eyes, nerves, and any other area of the body that
is susceptible to insulin damage if it fails to connect
to the receptor. It is known as insulin resistance, and
it may play a significant role in the development of
metabolic syndrome. By blocking a protein in the
body called tyrosine phosphates, which lowers insulin
receptor site activity, corosolic acid increases the
sensitivity of the insulin receptor. Corosolic acid's
capacity to create a completely new channel for
insulin to enter cells is its second mode of action. This
is known as the GLUT4 glucose transporter, and it has
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a positive impact on blood glucose regulation by
facilitating the absorption of glucose into the body's
muscles. In addition to these methods, research
indicates that corosolic acid can prevent our body
from producing glucose through a process known as
gluconeogenesis The body's blood glucose levels may
be significantly lowered as a result’. Pentacyclic
triterpenoids do not dissolve well in water due to their
inflexible structure and hydrophobic qualities, which
is a fundamental factor restricting their applicability
as medicinal medicines. After oral administration, it
is poorly absorbed due to its low water solubility.
Numerous research have reportedly altered the
structure of CA and its structural analogues, including
the addition of amino groups, water-soluble sugar
groups, and other structures, and created formulations
to increase their solubility and bioavailability. We can
increase the oral absorption of medication by using a
novel drug delivery system such as liposomes and
nanoemulsions®. This review offers a summary of
therapeutic corosolic acid's biological effects and
limits. By highlighting corosolic acid's potential as a
useful bioactive chemical and directing future
research into its applications in food and medicine, it
seeks to add to the expanding body of knowledge on
the substance.

Pharmacological effects of corosolic acid

Numerous biological characteristics of corosolic acid
have been documented, such as antidiabetic, anti-
inflammatory, antiproliferative, and protein kinase C
inhibitory activity. Numerous plant species contain it,
most notably Lagerstroemia speciosa, sometimes
known locally as banaba*>

Figure 1: Structure of corosolic acid

Anti-Diabetic activity
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The most widely published research on corosolic
acid's ability to reduce blood sugar levels in both
humans and animals. Corosolic acid has the potential
to  alleviate resistance.  Tyrosine
phosphorylation regulates insulin's activity, which is
started when insulin binds to the insulin receptor. By
blocking specific nonreceptor protein tyrosine
phosphatases, corosolic acid may function as an

insulin

insulin sensitiser by indirectly increasing insulin
receptor B phosphorylation. Additionally, the GLUT4
glucose transporter pathway of glucose uptake into
muscle cells may be stimulated by corosolic acid®”4?,
According to a different study, corosolic acid
increased the synthesis of the gluconeogenic
intermediary fructose-2,6-bisphosphate in isolated
hepatocytes, hence inhibiting gluconeogenesis.
Corosolic acid may also enhance glycolysis. Alpha-
glucosidase is inhibited by triterpene acids, such as
corosolic acid, which was extracted from the leaves of

Lagerstroemia speciosa'®!!:12,

Anti-Cancer activity

Corosolic acid is hazardous to cell activity against a
number of human cancer cell lines. The regulation
may be connected with suppression of protein kinase
C activity'*. Furthermore, cytotoxic activity has been
documented against various human cell lines,
including Hep-G2 (hepatic cancer), MCF-7 (breast
carcinoma), and HL-60 (leukaemia carcinoma)'®. By
promoting the N-terminal phosphorylation and
subsequent proteasomal degradation of B-catenin'®.
Corosolic acid acts as an antineoplastic agent against
colorectal cancer cells. Corosolic acid, which was also
extracted from Crataegus pinnatifida fruit, was
thought to be both a cytotoxic agent and a protein
kinase C inhibitor'*. Corosolic acid was able to inhibit
the  cell-cell with
macrophages and reverse the chemoresistance of

interaction tumorigenic
epithelial ovarian cancer cells. It is recommended that
because of its anticancer effects'’.
Corosolic acid may be helpful as an adjuvant
treatment for individuals with advanced ovarian and

numerous

other cancers. Corosolic acid directly interacts with
the ATP binding pocket of hepatocellular carcinoma
cells to inhibit VEGFR2 kinase activity. Corosolic
acid controls the
VEGFR2/Src/FAK/cdc42

reduction of

axis, subsequently
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decreasing F-actin synthesis and migratory activity in
vitro',

Anti-Inflammatory activity

An essential part of the immune system's defence
against inflammation and infection is complement.
The host can effectively defend itself against the
activities of invasive antigens by activating the
complement  system!’.  Several  ursane-type
tritermpenoids from containing corosolic acid display
anti-complementary activity®®. Corosolic acid also
inhibits oxidative stress, inflammation and excessive

blood pressure in SHR/NDmcr-cp rats?!.
Anti-Obesity activity

There is in vitro research result for corosolic acid
hindering protein tyrosine phosphatase 1B;
suppression of this phosphatase is indicated as for an
obesity treatment®?. Additionally, corosolic acid is a
pancreatic lipase inhibitor, which is a necessary
enzyme for the digestion of fats*®*. According to an
animal study, corosolic acid increased fatty acid beta-
oxidation in the liver and modulated the process of
lipid metabolism by acting as a peroxisome
proliferator-activated receptor alpha agonist®*.

Activity on HIV

By blocking HIV-1 protease and reverse transcriptase
activity, ellagic acid and gallic acid from
Lagerstroemia speciosa prevent HIV-1 infection. This
study's objectives were to evaluate the anti-HIV
properties of banaba leaf extracts and to further purify
and characterize the active ingredients. The active
elements for anti-HIV activity were gallic acid and
ellagic acid, through inhibition of reverse
transcriptase and HIV protease, respectively and so
might be regarded as favourable candidates for the

improvement of anti-HIV-1 materials®.
Activity on Metabolic syndrome

A condition known as metabolic syndrome is
characterised by the co-occurrence of multiple risk
factors for cardiovascular disease, type II diabetes,
abdominal obesity, hypertension, poor lipid
metabolism, and insulin resistance. Corosolic acid
demonstrated

antihypertensive,  lipid-lowering,
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antioxidant, and anti-inflammatory effects on rats in a
metabolic syndrome investigation. In a comparable
animal study, corosolic acid likewise lowered blood
pressure and serum-free?%?’,

Activity on Cholesterol reduction

Intestinal cholesterol production and cholesterol
esterification are elevated in individuals with type II
diabetes mellitus. This is crucial information since
diabetes raises the risk of cardiovascular disease
(CVD) when
cholesterol. It has been demonstrated that corosolic
acid inhibits the activity of cholesterol

acyltransferase, which lowers the absorption of
28,29

combined with elevated blood

cholesterol in the small intestine
Negative consequences of corosolic acid

Fatigue, headaches, and skin rashes are a few of the
adverse effects of corosolic acid. Research indicates
that these adverse consequences are most likely to
occur in people who exceed the optimum dosage. It is
not advised for pregnant women or children to
consume it. In clinical investigations, neither
corosolic acid nor banaba were found to have any
negative effects. Despite the rational anticipation that
banaba's ability to reduce blood sugar would result in
hypoglycemia, six clinical human trials showed no
such impact. Another human study showed that
GlucosolTM (soft capsule form of brand name
containing 1% corosolic acid from banaba leaves,
Lagerstroemia speciosa) had been applied and
checked the blood sugar levels and side effects of 56
subjects. This group concluded that corosolic acid had
a lowering blood sugar levels but no adverse effects
such as rash, nausea and others°.

Limitations of Corosolic acid

Corosolic acid is widely recognized for its broad
spectrum of biological activity, particularly its anti-
diabetic characteristics. However, because of its
molecular structure, its low bioavailability and poor
water solubility prevent it from being used in clinical
settings. Despite its potential therapeutic effects, this
has limited its usage in food and medicine?'.

Modification of functionality
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Corosolic acid's stiff skeleton and hydrophobic
pentacyclic triterpenic structure are the main causes
of its poor water solubility and low
bioavailability, which restricts its use as a medicinal
agent and dietary supplement. Numerous
approaches, advanced delivery methods, have been
investigated to address these issues. These methods
have the potential to increase corosolic acid's
functional activity in addition to improving its
solubility and bioavailability*2.

Advance delivery system

Novel approaches to improve the solubility, stability,
and bioavailability of triterpenic acids, such as
corosolic acid, have been presented by advances in
delivery systems®*3

characteristics

. Corosolic acid's supramolecular
enable molecular self-assembly
without structural alterations, facilitating further use
3336 For instance, in aqueous organic solvents, it self-
assembles into vesicles or supramolecular gels,
indicating possible uses for fluorescent labelling,
controlled release, and drug encapsulation®’.
Furthermore, corosolic acid can spontaneously form
inclusion  complexes  with  hydroxypropyl-p-
which  greatly  increases its
bioavailability and water solubility®®. By decreasing
hydrophobicity, corosolic acid nanoemulsions further

cyclodextrin,

improve its functioning and increase its antibacterial
efficacy against Gram-positive bacteria. Oleanolic
acid and ursolic acid, structural analogues of corosolic
acid, have also been verified as stabilisers for
Pickering emulsion formation®’. This makes corosolic
acid-based emulsions promising for applications in
food, cosmetics, and pharmaceuticals. Corosolic acid-
derived cholesterol-free lipid nanoparticles had better
endosomal membrane fusion and tumour cell uptake,
allowing for more effective cytoplasmic delivery of
siRNA and mRNA*. Corosolic acid-based liposomes
have a number of advantages over traditional
cholesterol-based liposomes in anticancer
applications. For example, corosolic acid-based
liposomes loaded with doxorubicin improve
membrane fusion and cellular absorption while
preventing STAT3 activation and macrophage
recruitment in the tumour microenvironment.
Similarly, by overcoming tumour biological barriers,
boosting immunogenic cell death, and attaining good

treatment outcomes, corosolic acid-loaded liposomes
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containing paclitaxel greatly increase its anticancer
efficiency*!. These investigations demonstrate how
corosolic acid-based delivery methods can enhance
stability, solubility, antibacterial, and anticancer
properties. These systems present viable substitutes
for conventional drug carriers, creating opportunities
for a variety of uses in food, medicine, and cosmetics.

CONCLUSION

Corosolic acid (CA), has been shown to have
hypoglycemic and anti-inflammatory properties. It
can also improve oxidative stress, hypertension,
abnormal lipid metabolism, and the inflammatory
state in SHR-cp rats, suggesting that CRA may help
prevent diseases linked to atherosclerosis. The
majority of studies on corosolic acid concentrate on
how well the substance or extracts work with diabetes.
Corosolic acid has two potential modes of action. The
first is that it might make all of the body's cells' insulin
receptors more sensitive. For blood glucose to enter
the body's cells, insulin must attach to this receptor.
Increased blood levels of insulin can harm the brain,
eyes, nerves, and any other area of the body that is
susceptible to insulin damage if it fails to connect to
the receptor. By blocking the body's tyrosine
phosphatase protein, which lowers insulin receptor
site activity, corosolic acid increases the sensitivity of
the insulin receptor. Corosolic acid's potential to
create a completely new channel for insulin to enter
cells is its second mode of action. This process,
known as the GLUT4 glucose transporter, makes it
easier for the body's muscles to absorb glucose.
Because the body has so much muscle mass, this has
a significant impact on blood glucose levels.
Numerous studies on various impacts from both
human and animal studies have been documented,
nevertheless. Corosolic acid dramatically inhibits cell
growth in a dose- and time-dependent manner, affects
apoptosis, is linked to caspase activation via a
mitochondrial mechanism, and may have a significant
impact on the development of cancer chemotherapy
for therapeutic use. By preventing both STAT3 and
NF-«xB activation, corosolic acid can decrease the M2
polarisation of macrophages and the proliferation of
tumour cells, suggesting that it may be a novel
approach to tumour prevention and therapy. In vitro,
corosolic acid inhibits the enzymatic activity of
various diabetes-related non-receptor protein tyrosine
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phosphatases (PTPs) and has antidiabetic effects,
particularly in type 2 diabetes, which can improve
glucose metabolism by reducing insulin resistance.
Corosolic acid targets the immunosuppressive activity
of myeloid-derived suppressor cells (MDSC) and
significantly =~ inhibits  subcutaneous  tumour
development and lung metastasis in the sarcoma rat
model. It can also enhance the antitumor effects of
cisplatin and adriamycin in vitro. By activating
AMPK in human gastric cancer cells, corosolic acid
lowers the resistance to 5-fluorouracil (5-FU), one of
the most widely used chemotherapeutic agents.
Isolated from Eriobotrya japonica (loquat), corosolic
acid exhibits anti-melanogenesis, anti-acne, anti-
allergy, and anti-aging properties. As a pentacyclic
triterpene, corosolic acid significantly inhibited
osteosarcoma of MG-63 cells in a dose-and time-
dependent manner, suggesting that corosolic acid may
be a wuseful chemotherapeutic material for
osteosarcoma. By controlling the phosphorylation of
interleukin receptor-associated kinase (IRAK-2) via
the NF-«xB cascade in mouse BMDMs, corosolic acid
has anti-inflammatory properties and may be helpful
as a pharmacological treatment to avoid acute
inflammation. In addition to these diverse impacts,
several research have been conducted about beneficial
effects on various human diseases; yet, the
development of potent and effective pharmacological
effects remains limited. This review provides a
thorough and up-to-date analysis of corosolic acid's
biological activity augmentation techniques and
functional activities. However, its low bioavailability
and poor water solubility continue to be major
obstacles to wider use. In order to overcome these
obstacles, improve therapeutic efficacy, and expand
functionality, strategies like chemical alterations,
microbial transformations, and sophisticated delivery
systems (such liposomes and nanoemulsions) have
demonstrated promise. In particular, advanced
delivery technologies show great promise for
concurrently enhancing biological activity, stability,
and solubility. These developments highlight how
crucial it is to maximise the pharmacological profile
of corosolic acid for useful uses in food and medicine.
Future studies should focus on improving these
enhancement techniques, clarifying the molecular
processes behind its various bioactivities, and
guaranteeing corosolic acid's long-term efficacy and

safety. By overcoming these obstacles, corosolic acid
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will become a very useful bioactive substance with a
wide range of health and wellness applications.
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