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ABSTRACT

Acanthus ilicifolius (family Acanthaceae) is a well-known mangrove plant that is commonly found in India, Aus-
tralia, and Southeast Asia countries. In this review, this plant is discussed to provide a comprehensive database on
its ethnobotanical aspects, as well as phytochemicals, and pharmacological activities. The findings summarised
that A. ilicifolius contains mainly flavonoids, alkaloids, and various glycosides. The phytochemicals isolated from
the plant have been scientifically proven to possess medicinal properties such as antibacterial, anti-inflammatory,
antioxidant, antidiabetic, anticancer, anti-acne, anti-helminthic, anti-allergic, and anti-asthmatic properties. This
study provides comprehensive and updated data on the phytoconstituents and pharmacological activities of A. ilici-
folius's from various research. This information is important for future research exploration on the plant especially
in the investigation of the efficacy and safety of the plant’s compounds toward the application in treating diseases.
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INTRODUCTION

Acanthus ilicifolius Linn is a spiky plant native to Asia’s
tropical area. In Malaysia and Indonesia, A. ilicifolius is
known as “Jeruju”. The term ‘Acanthus’ is derived from
the Greek word ‘acantha,” which characterises the spiky
leaves of some species. The Latin name ‘ilicifolius’ refers
to holly-like leaves. Other names for this plant are holy
mangrove, sea holly, and holy leaved acanthus (1). The
herb tree may grow up to three meters tall. It is a bushy,
hardly woody vine shrub with thick growth. Prop roots

may sometimes develop at the lower parts of the stems.
Its speckled stems are shiny green and have two spines
at the angles of the leaves (2). Its opposing, short-stalked
leaves have spiny leaf blades that are oval to oblong in
shape, pale green with a yellowish tint above and green
below, and 5-22 cm by 2-7 cm in size.

The flowering branch can reach a length of 20 cm and
bear up to 20 pairs of petals packed in four vertical rows
at the end (Fig. 1A). It has 2-4 cm long pale lilac petals
with three much-reduced leaves basally (Fig. 1B). lIts
ovoid, slightly flattened, bright green, four-seeded fruits
are 2-3 cm long (Fig. 1C). When mature, they erupt,
revealing wrinkled, whitish-green seeds roughly 1 cm
long (Fig. 1D).
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Figure 1: The flower (A), leaves (B) and fruits (C) of A.
ilicifolius. The fruit contains four seeds in a single fruit (D)
3).

A. ilicifolius plant grows on dry land of mangrove forests,
marshy lands, and waterlogged areas. In Malaysia,
this species is known to inhabit regions such as Johor,
Pahang, Penang, Kedah, and Perlis (4). Meanwhile,
in Australia, this species is commonly found in North
Queensland and is abundant along the eastern and
western coastlines of India, as well as in Meghalaya,
the Andaman Islands, and the Pearl River Region (1).
In Indonesia, this species can be found in Central Java
and North Sumatra (5). The taxonomy classification of
A. ilicifolius is as follows:

Kingdom: Plantae

Division: Magnoliophyta

Class: Magnoliopsida

Order: Lamiales

Family: Acanthaceae

Genus: Acanthus

Species: ilicifolius

Ethnobotany study

According to traditional medicine, particularly Chinese
and Indian medicine, A. ilicifolius possesses potential
therapeutic properties for addressing a range of health
issues, including psoriasis, rheumatism, asthma,
paralysis, stomach ailments, leukemia, diabetes,
leprosy, dyspepsia, hepatitis, ringworm, and various skin
conditions. Additionally, it has been cited for its efficacy
in treating edema and inflammation of the biliary system
(6,7). As recorded in traditional medicine, the whole
plant decoction was mixed with sugar candy and cumin
for indigestion treatment (8). The root was often used to
treat coughs and asthma due to its expectorant effects.
The Indo-Chinese and Siamese used the roots in the
treatment of damaged nerves, nervous disorders, body
weakness, vaginal infection, paralysis, fluid retention,
and skin disease (9). The mucilaginous leaves were also
applied as a medicinal compress for rheumatism and
neuralgia in Goa (10).

Malay communities in Malaysia have utilized the plant
parts of A. ilicifoliusfor a variety of therapeutic purposes.
Specifically, the seeds have been employed as a natural
remedy in managing cough and for deworming infants
(1, 2). The roots have been applied to treat shingles and

the leaf extracts have been applied to stimulate hair
growth. The prickly leaves have been used in Malay
rituals, where they are placed beneath houses to ward
off disturbances by mystical creatures. The crushed fruit
from the plant has served as a remedy for purifying the
blood and as a dressing for burns. In cases of snakebites
or arrow poisoning, a compress crafted from either the
fruit or the roots was applied to the affected area (11).

In Thailand, extracts from the bark of the plant have
been employed to treat dermatitis and allergies (7).
Additionally, a mixture of the plant’s aerial parts and
ginger has been documented as an effective remedy
for alleviating constipation and soothing sore legs. The
whole plant also can be used in rice sacks as a drying
agent (12). Moreover, a decoction made from the
leaves can be ingested to aid in the birthing process. A
combination of the leaves and either the stems or roots
can be consumed to promote longevity and improve the
health of one’s hair (9). Table | summarises the uses of
A. ilicifolius in ethnobotany.

Table I: Ethnobotany studies of A. ilicifolius

Plant Disease Country  Refer-
part ence
Fruit Asthma, acne, breast Indonesia (13)
seed cancer, fistula, gastritis,
sinusitis
Roots Snake bite, skin allergies, India, viet- (14)
diabetic, rheumatoid, nam (15)
edema
Leaves Rheumatism, neuralgia, Goa, Ban- (16)
cancer, fever, toothache  gladesh, (17)
and swelling India (18)
Whole Kidney stone, cough, China (15)
plant hepatitis,
Tender Snake bite Malaysia (19)
shoots,
fruit and
roots
Bark Cold, antiseptic Thailand (20)

Extraction methods and chemical constituents

The extensive spectrum of secondary metabolites in
A. ilicifolius has drawn a lot of interest to its natural
compounds (8). Scientific studies have documented
various extraction methods for isolating the chemical
constituents of A. ilicifolius such as maceration,
cold percolation, Soxhlet extraction, distillation, and
ultrasonic-assisted extraction. The solvents used were
organic solvents, aqueous and non-aqueous solvents.
The selection of the solvents is crucial and it depends on
the selectivity, solubility, cost, and safety (21).

Maceration and Soxhlet extraction are the most preferred
methods for the extraction of different types of compounds
for A. ilicifolius due to their simplicity, versatility, and
low cost. Maceration is gentle and typically conducted
at room temperature or slightly elevated temperatures,

334 Mal ) Med Health Sci 20(4): 333-344, July 2024



making it suitable for extracting compounds that may
degrade under higher temperatures. Maceration also
can be performed with a variety of solvents, allowing
for the extraction of a wide range of compounds from
different types of samples (22).

Soxhlet extraction allows for more thorough and
efficient extraction compared to simple maceration,
particularly for compounds that are less soluble at room
temperature. It operates continuously, cycling solvent
through the sample repeatedly, which can lead to
higher extraction yields compared to batch processes
like maceration. The ability to continuously extract and
concentrate compounds from a sample allows for more
selective extraction, especially for compounds with
varying solubilities (21).

In the previous study, the extraction of the leaf
sample below boiling point (6 to 8 hours) in aqueous,
methanol, acetone and chloroform solvents revealed
several compounds such as alkaloids, organic acids,
hydrocarbons, carbohydrates, salts, benzoquinone,
sesquiterpenes,  naphthofurans,  triterpenes, and
flavonoids as well as tannins, polymers, and sulphur
derivatives (23). This report also indicated that the
chloroform extract had the maximum activity and
aqueous extract had the minimum activity against the
skin infection pathogens.

Other compounds found in the plant include steroids,
aliphatic  glycosides, phenolic glycosides, lignan
glycosides,  megastigmane, and  phenylethanol
glycosides (24). These compounds were extracted from
the aerial part of A. ilicifolius using ethanol solvent.
Then, the compounds were purified through successive
fractionation using ethyl acetate and n-butanol.
The resulting aqueous layer was applied to column
chromatography using D101 macroporous adsorbing
resin, silica gel, octadecylsilyl silica gel, and Sephadex
LH-20 gel, followed by preparative HPLC-ODS to yield
the compounds. The summary of chemical constituents
in A. ilicifolius is presented in Table II.

Table II: The extraction methods employed in the previous
studies to extract the chemical compounds of A. ilicifolius

Extraction Purification  Extract Compound Ref-
method method er-
ence

Soxhlet NA Aqueous, Proteins, res- (21)

apparatus ethanol, ins, steroids,

was used methanol, tannins, glyco-

to extract acetone and  sides, sugars,

the sample chloroform carbohydrates,

and then saponins,

concentrat- sterols, ter-

ed using penoids,

vacuum phenol, alka-

distillation. loids, cardiac
glycosides and
catechol.

CONTINUE

Table I1: The extraction methods employed in the previous
studies to extract the chemical compounds of A. ilicifolius
(Cont.)

Extraction Purification  Extract Compound Refer-
method method ence
The sample was Successive  Meth-  flavonoids, (22)
macerated in an  fraction- anol glycosides,
Erlenmeyer flask  ation polyphenols,
and evaporated using ethyl tannins, sand
using a rotary acetate and teroids
evaporator. n-butanol
Cold extraction NA Etha-  Alkaloids, (23)
was employed nol flavonoids,
and evaporation terpenoids,
was done using phenols,
rotary evaporator. glycosides,
steroids,
tannins, car-
bohydrates,
fixed oils and
fats.
Maceration NA Etha-  The extracts  (24)
method was done nol, were directly
and the sample chlo-  applied to
was evaporated ro- antimicrobial
using a rotary form,  test.
evaporator. and
metha-
nol
Cold percolation ~ NA Etha-  Aziridine, (25)
was done and nol alcohols,
the sample was phenolics
evaporated using and fatty
a rotary evapo- acids
rator.
Ultrasonic ex- Aqueous Ace- Catechin/ (26)
traction. solution tone-  epicatechin,
was purified water  galatechin/
with ethyl epicatechin,
acetate to and amphi-
remove low cin/epigalin
molecular
phenolics
and petro-
leum ether
to remove
lipophilic
compounds
and chloro-
phyll.

NA= Not applicable

In another report, the fresh stem bark of A. ilicifolius was
extracted by the cold extraction or maceration method.
About 250 g of powder was added to 900 mL of 99.9%
ethanol in an amber-colored glass container for nine
days. Then, the extract was concentrated by solvent
evaporation at room temperature and dried to a solid
in an oven (25). Ethanol had the maximum extraction
yield of A. ilicifolius, up to 42.07% compared to other
solvents, namely ethanol, methanol, and chloroform
(26).
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In another study, the powdered leaf sample was
immersed separately in different solvents including
ethanol. The cold percolation was carried out three times
in solvents with increasing polarity to ensure exhaustive
extraction. Gas chromatography-mass spectrometry
(GC-MS) was conducted and the analysis revealed
the presence of 30 compounds, including aziridine,
alcohols, phenolics, and fatty acids (27). From another
report, condensed tannins (CTS) were isolated from the
acetone leaf extract of A. ilicifolius. The high-throughput

Table I11: The chemical constituents of A. ilicifolius and
their pharmacological activities.

Class  Compound Plant Pharmacological Refer-
part activity ence
Alka-  Acanthicifoline  Whole Antioxidant and (29,
loid plant antimicrobial 30, 31,
Benzoxaz- Leaf Antihypertensive 32)
in-3-one and anti-heart
failure
Benzoxazinoid Aerial  Antimicrobial,
glucosides part antifungal, anti-
inflammatory, and
mutagenic activities
2-benzoxazoli- Leaf, Anti-leishmanial,
none whole  anti-inflammatory,
plant analgesic, antibac-
terial and anticancer
Acanthoside leaf Anticancer
Trigonelline Leaf Hypoglycemic,
hypolipidemic and
neuroprotective
Flavo-  Quercetin Root Antioxidant, (7,
noids anti-inflammatory, 31,33)
anti-tyrosinase, an-
tihypertensive and
vasodilator effects
Quercetin Root Antioxidant, anti-in-
3-O-4-D-gluco- flammatory, and
pyranoside chemopreventive
Catechin/epi- Leaf Wound healing,
catechin antioxidant, and
anti-tyrosinase
Vitexin Aerial  Antioxidant
part
Epigalin Leaf Anti-tyrosinase and
antioxidant
Apigenin Leaf Hepatoprotective
Cou- Acancifoliuside Leaf Osteoblastic activity  (34)
maric
acid

Fatty  2,3dihydroxy-  Leaf Anti-inflammatory

acids  hexadecanoic

acid propyl

ester

1-monooleoyl-  Leaf Antioxidant and

glycerol anti-inflammatory
Ali- llicifolioside B Aerial  Anti-inflammatory (23,
phatic part and anti-hepatitis 36)
BIYCO-yjicifolioside C  Aerial
sides

part

CONTINUE

analysis such as reversed-phase high-performance
liquid chromatography (RP-HPLC), matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) and 13C nuclear magnetic resonance
(13C NMR) were employed to determine the structure
of CTS (28). The CTS was found to be a combination
of catechin/epicatechin, galatechin/epicatechin, and
amphicin/epigalin, with polymer chain lengths ranging
from 3-mers to 14-mers.

Table I11: The chemical constituents of A. ilicifolius and
their pharmacological activities. (Cont.)

Class Compound Plant  Pharmacological Refer-
part  activity ence
Lignan  (+)-Lyoniresinol ~ Aerial Anti-inflammatory (7,37,
glyco- 3a-[2-(3,5-di- part 38,39)
sides methoxy-4-hy-
droxy)-benzo-
yl]-O-p-glucopy-
ranoside
(+)-lyoniresinol Leaf  Osteoblastic
3a-O-glucopyra- activity
noside
(8R,7’S,8'R)-5,5-  Aerial Antioxidant and
dimetho- part  anti-inflammatory
xylariciresi-
nol4-O--D-glu-
copyranoside
Alangilignoside C  Aerial ~ Anti-inflammatory
part  and anti-cancer
(+)-lyoniresinol Aerial  Anti-inflammatory
2a-O- -D- part  and antioxidant
galacto-
pyranosyl-3a-O-
B -D-glucopyra-
noside
(+)-lyoniresinol Aerial  Anti-inflammatory
3a-O- -D-ga- part
lactopyrano-
syl-(1-6)--D
glucopyranoside
Acanfolioside Aerial  Antiallergic,
part  anthelmintic and
cytotoxic
potentials
Mega-  (Z)-4-coumaric Aerial  Antibacterial (31
stig- acid 4-O- g-D part
mane glucopyranoside
a?‘Cel_ (6R,7E,9R)-9-hy-  Aerial Anti-inflammatory
ﬁolic droxy-megastig-  part  and antioxidant
lveo- man-4,7-dien-3-
g one-9-O- f-D
sides :
glucopyranoside
2,6-dime- Aerial  Anti-inflammatory
thoxy-p-hydro- part  and antioxidant
quinone 1-O- g
-D-glucopyrano-
side
5,11-epoxyme- Root  Anti-diabetic (40)
gastigmane
glucoside
Sesquiterpenoid ~ Root  Antioxidant and
plucheoside B anti-diabetic
CONTINUE
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Table 111: The chemical constituents of A. ilicifolius and
their pharmacological activities. (Cont.)

Class Compound Plant Pharmacological Ref-
part activity er-
ence
Pheny- Acteoside Leaf Anti-inflamma- (33)
lethanol tory, osteoblastic
glycosides activity, anti-ulcer,
antioxidant and
p-hepato-
protective
Isoacteoside Leaf Osteoblastic activ-
ity and hepatopro-
tective
Martynoside Leaf Hepatoprotective,
antihyperglycemic,
and antinocicep-
tive
Ter- Lupeol Leaf Hepatoprotective (35,
penoids Oleanolic acid  Leaf Antioxidant j;;
Ursolic acid Leaf Hepatoprotective
a-amyrin Leaf Antioxidant and
anti-bacterial
f-amyrin Leaf Antioxidant
Steroids Stigmasterol Leaf, Hypolipidemic 7,
root activity 33,
Stigma-7-en- Leaf Antihyperglyce- ji’
34-ol mic, antinocicep- [
. 45)
tive
B-Sitosterol leaf Hepatoprotective
Campesterol Leaf Antioxidant and
anti-inflammatory
Cholesterol Leaf Antioxidant and

anti-inflammatory

Nutritional values of A. ilicifolius

A. ilicifolius is not typically regarded as a primary food
source; however, various parts of the plant, such as leaves
and stems, have been recognized for their traditional
or local uses in several countries. Ethnobotanical and
local knowledge sources have mentioned potential
applications and provided some insights into the
nutritional content of A. ilicifolius. In certain coastal
areas, the leaves have been incorporated into traditional
culinary practices. They are occasionally included in
dishes as a leafy green vegetable or used as wraps for
cooking purposes (46). In Thailand, ethnobotanical
vegetables, including A. ilicifolius, were subjected to
nutritional analysis, encompassing parameters such
as protein, fiber, and fat content through proximate
analysis. The aerial part of the plant was found to
contain approximately 4.58% protein, 5.77% crude
fiber, and 9.67% carbohydrates (47). In North Sumatra,
A. ilicifolius leaves have been processed into crackers
and serve as a source of income for the local community.
A comparative nutritional analysis between A. ilicifolius
crackers and fresh leaves revealed that the fresh leaves
contained about 43.83% protein, 44.72% fiber, and
0.58% fat. Furthermore, in a separate study, the leaves
of A. ilicifolius were discovered to contain significant
amounts of reducing sugar (19.3 mg g'), protein (21.9
mg g"'), and proline (37.6 pmol g') (48).

PHARMACOLOGICAL PROPERTIES

Anticancer activity

Cytotoxicity of A. ilicifoliusethanolic leaf extract towards
human breast adenocarcinoma (MCF-7) cell lines was
investigated (27). The result showed that the extract
reduced the viability of malignant cells to 52.37%. In an
in vivo study, Sprague-Dawley rats were induced with
azoxymethane (AOM). Rats treated with 250 mg/kg and
500 mg/kg of ethanolic extract of A. ilicifolius showed a
decrease in the mean number of total aberrant crypt foci
(ACF) by 65% and 53%, respectively. Those fed with
A. ilicifolius extract showed a significant reduction in
the multiplicity of ACF formations when compared with
the results from the AOM control group. The finding
demonstrated that A. ilicifolius might be a promising
natural treatment for colorectal cancer (49).

In another study, A. ilicifolius leaf extract was
utilized to determine the cytotoxicity concentration
(CC50) on ovarian teratocarcinoma (PA-1) and breast
adenocarcinoma (MCF-7) cells and they found that the
ethyl acetate leaf extract gave CC,, values of 15.74 0.1
pg/mL for PA-1 cell and 24.22+ 0.2 pg/mL for MCF-7 cell
(50). Meanwhile, ethanolic leaf extract of A. ilicifolius
was found to be effective against tumor progression and
carcinogen-induced skin papilloma formation in Swiss
albino mice (51). The extract was found to be cytotoxic
towards lung fibroblast (L-929) cells in 72 h MTT assay
and the concentration required for 50% cell death was
18 pg/ml. Oral administration of the extract (500 mg/kg
bwt) reduced the tumour volume and administration of
the same concentration increased the life span by 75%
in ascites tumor (EAC cells) harboring animals.

The anticancer activity of A. ilicifolius aqueous root
extract on the human liver cancer cell Hep G2 was
examined using MTT assay (52). The cytotoxicity test
showed 39.76 pg/mL of IC, value. The potential of the
extract to induce apoptosis was also investigated in the
same study. The DNA damage score was calculated
using ImageJ, utilising the DAPI staining method. The
pixel values of the treated sample were compared to the
control cells. The DNA damage score revealed 193 a.u.,
indicating that the extract of A. ilicifolius is capable of
causing apoptosis.

The ethanolic extract of A. ilicifolius leaf was tested
on liver tumour induced by N-nitrosodiethylamine
(DEN, 200 mg kg') in Wistar rats (53). Rats were
orally treated with the extract (400 mg kg' b.w.t) for 1
week before the injection of diethyl nitrosamine and
continued for 14 weeks. The result indicated that the
treatment with ethanol extracts effectively suppressed
liver tumour, indicated by the decreased level of
aspartate transaminase, alkaline phosphatase, alanine
transaminase, lipid peroxidase, glutathione peroxidase
and glutathione-S-transferase which demonstrating the
chemopreventive effect of A. ilicifolius.
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Other than extract, purified compounds from A.
ilicifolius seed reported by the previous study further
confirmed the efficacy of this plant as an anticancer
agent (54). Anti-proliferation activity tests of the pure
compounds on five types of cell lines (MCF-7, MDA-
MB- 231, Hela, CaOV-3 and MCF-10A) showed that
4-hydroxy-3Hbenzoxal- 2-on and 2-hydroxy-2H-1,4-
benzoxazin-3(4H)-on showed high antiproliferation
activities towards MCF-7, with EC_, values of 8.50 *
0.21 pg/ml and 7.50 + 0.65 pg/ml, respectively.

Anti-diabetic activity

Anti-diabetic efficacy of A. ilicifolius ethanolic root
extract (200 and 400 mg/kg b.w.t) was examined in
Wistar rats. The study revealed compelling results with
the reduction of blood glucose level (BGL) and the
increment of pancreatic-p cell regeneration (55). The
effect of ethanolic leaf extract of A. ilicifolius (22.4 mg/
bw/day) was assessed on anti-diabetic activity in alloxan-
induced mice (Mus musculus L.) (56). The result showed
that the extract improved the bodyweight of mice while
efficiently lowering blood glucose levels and repairing
kidney damage caused by alloxan induction.

In the investigation of antihyperglycemic and
hypolipidemic effects, the methanolic leaf extracts of A.
ilicifolius (MLEA) inhibited a-amylase, a-glucosidase,
glucose diffusion, and enhanced glucose absorption
by peripheral tissues (57). Vitexin purified from MLEA
also inhibited carbohydrate hydrolyzing enzymes in
vitro and improved glucose uptake activity in skeletal
myoblast (L6) cell lines. High binding affinity between
the ligand vitexin and peroxisome proliferator-activated
receptors (PPAR-y) was proven by in silico simulations,
supporting the anti-diabetic effect. Furthermore, in
vivo study showed that vitexin enhanced the activities
of hypoglycemic, hypolipidemic, and antioxidant in
Wistar rats by increasing the production of GLUT-4
and PPAR-y mRNA, which has a unique function in the
insulin signalling pathway-mediated glucose disposal.
This study demonstrated that vitexin can increase GLUT-
4 translocation and thereby lower blood glucose levels.
Thus, vitexin may be a potential anti-diabetic compound
in the future, leading to the discovery of next-generation
diabetes treatment.

The root of A. ilicifolius was found to have a high
concentration of stigmasterol, which has been linked
to hypolipidemic activity. The applications of 0.5% of
stigmasterol in Wistar rats and wild-type Kyoto were
found to decrease intestinal absorption of cholesterol,
which in turn led to a drop in plasma cholesterol levels
by 11%, supporting its utilization in ethnomedicine as
an anti-diabetic agent (58).

Anti-inflammatory activity

Anti-inflammatory and analgesic properties of A.
ilicifolius leaf were examined in pylorus-ligated rats.
The rats were treated with methanol extracts (200 and

400 mg/kg b.w.) and the result showed that the extract
had the same effect on rat paw edoema as BW755C,
a dual cyclooxygenase (COX) and lipoxygenase (LOX)
inhibitor (12). This extract effectively reduced the
ulcerogens indomethacin, acetylsalicylic acid, stress,
ethanol, and pylorus ligation-induced gastrointestinal
lesions in rats. A. ilicifolius methanolic leaf extract was
also found to reduce stomach acidity, gastric volume,
and peptic activity while also protecting the gastric
mucosa (12).

Anti-inflammatory effect of acteoside (100 and 200
mg/kg) purified from the whole plant of A. ilicifolius
was investigated in C57BL/6 mice ulcerative colitis
model induced by dextran sodium sulphate (DSS) (59).
The weight loss and disease activity index (DAI) score
reduction was observed with the treatment of 200 mg/kg
of acteoside. This compound also controlled the colon
shortening and reduced the colon histological damage.
Furthermore, acteoside therapy effectively increased
IL-10, decreased TNF-a and IL-1B and suppressed the
protein expression of JAK2/STAT3, NF-xB p65, IKK/
a/p, and IKB of the colon. In addition, the levels of
SOD, GSH, Nrf2, and HO-1 protein expression levels
significantly increased after acteoside treatment, while
the level of MDA and NO in colonic tissue remarkably
decreased. These findings suggested that acteoside,
through suppressing the JAK/STAT, iNOS/eNOS,
and NF-«B signaling cascades, can activate the Nrf2
signaling pathway, improve intestinal barrier function,
and significantly attenuate DSS-induced ulcerative
colitis in mice.

Antimicrobial activity

Several  bioactive compounds such as @ (Z)-
4-coumaric acid 4-O-p-p-glucopyranoside,
3,5-dimethoxy-4-hydroxymethyl benzoate, and
6-Hydroxybenzoxazolinone were purified from the leaf
of A. ilicifolius using methanol solvent. When compared
to standard antibiotics, these compounds demonstrated
antibacterial activities (60). A benzoxazoline derivative
also demonstrated effectiveness against infectious
urinary tract pathogens and antibiotic-resistant bacteria,
with inhibition zones of 8.5 and 8.7 mm, respectively.
Meanwhile, a benzoate derivative suppressed
ophthalmic bacterial infections with an inhibition zone
of 7.9 mm.

The butanolic, chloroformic, and alcoholic leaf extracts
of A. ilicifolius were reported to show promising
antifungal activities against Candida albicans (61). This
report is supported by other findings that revealed the
efficacy of methanolic and chloroformic extracts of
A. ilicifolius against C. albicans in an oral candidiasis
immunosuppressed model. They also found that 8 and
16% of chloroformic extract concentrations could also
enhance the expression of TLR2 and IL-22, which are
involved in the immune response to C. albicans (62,63).
In an oral candidiasis immunosuppressed model, doses
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of 16 and 20% methanolic extract were shown to
increase macrophages in response to the infection of
C. albicans (64). Antibacterial activities of methanol,
ethanol, and aqueous extracts of A. ilicifolius stem, root,
and leaf were investigated (65). The results showed that
the ethanol extract had the highest activity compared
to other extracts. The phytochemicals in the crude
ethanolic stem bark extract could be responsible for the
antibacterial activity of A. ilicifolius.

In a separate study, an investigation of the phytochemical
and anti-bacterial properties of A. ilicifolius was
conducted. The phytochemicals, flavonoids, alkaloids,
glycosides, phenols, tannins, terpenoids, steroids,
carbohydrates, lipids, and fixed oils were identified
qualitatively in a crude ethanolic stem bark extract of the
plant (25). For antibacterial activity, the tested bacteria
were Bacillus megaterium, Staphylococcus entericus,
Escherichia coli, Staphylococcus aureus, and Bacillus
subtilis. The result showed that the inhibition zones
measured against B. megaterium and B. subtilis were
the highest, 12 and 14 mm, respectively and the MIC
value was 46.88 pg/mL with the extract concentration
of 500 pg/disc.

Antioxidant activity

Several research onthe antioxidant activity of A. ilicifolius
have been conducted utilizing various parts of this plant.
According to one report, 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) assay showed that the ethanolic root extract of
A. ilicifolius was more effective than the water extract,
whereas the IC50 value for methanol extract (8 to 20%)
was observed to be 17.51 pg/mL (66). Meanwhile, the
chemical compounds including flavonoids, alkaloids,
glycosides, polyphenols, tannins, and steroids were
identified to be involved in the antioxidant activity of
the methanolic extract of A. ilicifolius (2). The aqueous
extract of the root showed efficacy in the DPPH and
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid)
(ABTS) assays with IC_, values of 59.85 and 60.89 ug/
mL, respectively (43). The methanolic extract of the stem
also showed a strong DPPH scavenging activity with an
IC50 value of 5.1 pg/mL, which was close to the value
of ascorbic acid (IC50 = 4.6 pg/mL) (53).

Using the DPPH test as well, five flower extracts of A.
ilicifolius (methanol, 80% methanol, acetone, 70%
acetone, and water) were assessed (38). The methanol
extract had the highest antiradical efficacy, whereas
the water extract had the lowest. The methanol extract
was then administered intraperitoneally (200-400 mg/
kg b.w.) in brine shrimp nauplii and it showed that this
treatment enhanced the endogenous antioxidant status
in the shrimp, as shown by the significant increase of
ferric-reducing antioxidant power (FRAP) and total
peroxyl radicals trapping (TRAP) activities in plasma
(67).

Anti-atherogenic activity

The anti-atherogenic activity of the methanolic and
ethanolic stem and leaf of A. ilicifolius was investigated
in Wistar albino rats (68). Atherosclerosis developed after
12 weeks with the feeding of a high-fat diet. The changes
in lipid profile, systolic blood pressure, and body weight
were examined. Histopathological examinations of the
liver, kidney, and aorta were also performed. After 15
days of treatment with the extracts and standard Warfarin
(2 mg/kg b.w./day, p.o.), the anticoagulant activity was
measured. The findings showed that the rats treated
with methanolic and ethanolic stem extracts (400 mg/kg
b.w./day, p.o.) had lower (p < 0.01) serum cholesterol
levels, systolic blood pressure, and body weight when
compared to the control, while high-density lipoprotein
levels (HDL) was increased in a dose-dependent manner.
Furthermore, the administration of A. ilicifolius extracts
significantly reduced the clotting time and bleeding in
the rats. The histological result also revealed a significant
improvement in tissue morphology following treatment.

The capacities of the aqueous root and leaf extracts
of A. ilicifolius were proven to prevent blood clotting
(54). The coagulation times were slightly prolonged
with the treatment of aqueous extract, compared to
the control (phosphate-buffered saline), demonstrating
that it blocked the usual routes but heparin was shown
to be more potent. The anticoagulant activity of A.
ilicifolius ethanolic leaf extract was also compared to
another mangrove plant, Aegiceras corniculatum (69).
The duration it required for warfarin (standard) to clot
was 35.24 + 0.05 min at 800 pg/mL of concentration. At
the highest concentration (800 pg/mL), A. corniculatum
extract took 10.33 + 0.14 minutes to stop clotting,
whereas the leaf of A. ilicifolius took about 8.87 + 0.41
minutes to stop clotting.

Anti-ulcer property

Anti-ulcer activity of A. ilicifolius was evaluated in
Wistar albino rats with pylorus ligation and ethanol-
induced ulcers (70). The methanolic leaf extract with 100
and 200 mg/kg b.w. of concentrations was tested. The
results showed that the treatment reduced the stomach
lesions, stomach volume, free acidity, and ulcer index
in these gastric ulcer models, showing that this plant
has anti-ulcerogenic and ulcer healing properties. The
stomach mucosa may be significantly protected because
of the reduction in gastric secretory activities. It was also
suggested that the capacity of the extract to block pro-
inflammatory cytokines may reduce ulceration (12).

Antinoceciptive activity

A methanolic leaf extract of A. ilicifolius (250 and 500
mg/kg b.w.) demonstrated a significant antinociceptive
activity in three experiments, including formalin acetic,
acid-induced writhing, and hot plate tests. These tests
were evaluated on both the peripheral and central
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nervous systems of Wistar rats (71). The extract was
observed to inhibit acetic acid-induced writhing
in mice, suggesting that the analgesic activity was
peripherally mediated. For the formalin acetic model,
the extract inhibited both central and peripheral phases.
While, based on the hot plate method, the extract was
postulated to act on the central system. These findings
could validate the traditional claims of A. ilicifolius in
pain management.

Hepatoprotective activity

Benzoxazinoids, including HBOA and its derivatives,
were synthesized using 2-nitroresorcinol by a ‘one pot’
reduction and subsequent cyclization with urea. The
acyl derivatives, AcO BOA and TC-3, were prepared
from HBOA using a substitution reaction. The treatment
of these compounds at three different doses (200, 100
and 50 mg/kg) has been demonstrated to alleviate
hepatotoxicity in Kunming mice induced by CCl4 (72).
Several other compounds discovered in Acanthus plant
extracts, also have been identified as hepatoprotective,
including apigenin, B-sitosterol, acteoside martynoside,
lupeol and ursolic acid, phenylpropanoids cistanoside
F, isoacteoside, and leucosceptoside A (73,74).

According to other research, an ethanolic leaf extract of
A. ilicifolius exerted a hepatoprotective effect in Wistar
rats against an acute dose of CCl4 (9). Based on the
blood and tissue activities of marker enzymes [glutamate
pyruvate transaminase (GPT), alkaline phosphate (ALP),
and glutamate oxaloacetate transaminase (GOT)], oral
treatment of the extract (250 and 500 mg/kg) effectively
decreased CCl -induced hepatotoxicity in rats based
on ALP marker. These findings matched with the
treatment of the control, curcumin (100 mg/kg, p.o.).
In another research, the level of alanine and aspartate
aminotransferase was lowered with the administration
of 70% ethanolic leaf extract of A. ilicifolius (2 g/kg/
day) in Guangxi shelducks, comparable to the positive
control acyclovir (200 mg/kg/day). It can be seen that
this treatment improved liver protection against the
pathogenic effects of the hepatitis B virus (75).

Anti-allergic activity

Toluene 2, 4-diisocyanate (TDI)-induced allergic Swiss
albino mice were used to examine the antiallergic
activity of the leaf and stem of A. ilicifolius by analyzing
several symptoms of allergic rhinitis such as itching,
sneezing, swelling, and watery rhinorrhea, along with
counting the differential leukocytes profile and the total
of blood (7). The ethanolic leaf and stem extracts of
A. ilicifolius significantly reduced TDI-induced allergy
symptoms such as scratching (p< 0.05), sneezing
(p<0.05), edema, and watery rhinorrhea. The extracts
also lowered the differential count of leukocytes in the
blood, which was elevated as a result of the production
of allergic symptoms by TDI sensitization.

Anthelmintic activity

Anthelmintic activity of A. ilicifolius extract, including
the paralysis and death time of parasites Haemonchus
contortus (Nematoda) and Paramphistomum cervi
(Trematoda) were evaluated (7). The ethanolic leaf and
stem extracts showed a dose-dependent reduction in the
relative index of paralysis and death for both H. contortus
and P, cervi parasites, indicating that it was parasiticidal
at higher doses. In a different study, Ascaridia galli and
Pheretima posthuman were used as test subjects for the
anthelmintic activity of A. ilicifolius leaf extract (76).
The test was carried out with three doses of aqueous,
n-hexane, and ethanol extract (15, 20, and 25 mg/mL).
Carboxymethy! cellulose was employed as the vehicle
control. The aqueous, n-hexane, and ethanol extracts
of A. ilicifolius leaves at concentrations of 15, 20, and
25 mg/mL demonstrated dose-dependent anthelmintic
efficacy in A. galli and P. posthuman. Meanwhile,
phytochemical screening revealed that the extracts
contained secondary metabolites such as flavonoids,
tannins, alkaloids, saponins, and steroids, which may
have contributed to the anthelmintic activity of A.
ilicifolius leaves against the worms.

Anti-acne activity

The ethanolic extract from the leaf of A. ilicifolius was
added as an active ingredient to an anti-acne cream
with ethanol extract concentrations of 1, 5, 10, and 15%
(24). Antibacterial activities were conducted against
Propionibacterium acne, the bacteria that is responsible
for acne. Inhibition zones with values ranging from
10.35 to 12.72 mm were observed. It was evident that
A. ilicifolius inhibited P acne bacteria, suggesting that it
has potential as an active component in anti-acne cream
formulations.

Anti-dandruff activity

The leaf of A. ilicifolius was used to formulate an anti-
dandruff shampoo (77). Four different concentrations of
ethanol extract were prepared ranging from 5.5 to 10%.
Using the well diffusion method, the physical features
of the shampoo and antifungal activity were examined.
The outcome indicated that ethanolic leaf extract of A.
ilicifolius has the potential to develop an anti-dandruff
shampoo since it met the criteria for eligibility in terms
of organoleptic, pH, foam height, water level, viscosity,
and specific gravity. These findings also found that
the inhibitory zone increased with increasing ethanol
extract concentrations of A. ilicifolius leaf.

Other pharmacological activities

Condensed tannins (CTS) were extracted and purified
from the leaf of A. ilicifolius using acetone solvent and
their antityrosinase properties were investigated (28).
Mushroom tyrosinase inhibition assay showed that the
IC50 value for CTS was 19.70 pg/mL, which was higher
than the control, arbutin (IC50 of 10.89 mg/mL). This
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result indicated the potential of CTS purified from the
leaf of A. ilicifolius in treating skin hyperpigmentation.

The osteoblast-like cell line (MC3T3-E1) was used to
test the efficacy of phytochemicals isolated from the
methanolic leaf extract of A. ilicifolius on osteoblast
proliferation (12). The compounds, (+)-lyoniresinol
3a-O-glucopyranoside, isoacteoside and acteoside of
A. ilicifolius leaf displayed direct stimulatory effects on
bone formation in cultured MC3T3-E1 osteoblast cells at
doses of 0.3, 3.0, and 30.0 M. As a result, the leaf of A.
ilicifolius may be effective as a pharmacological agent
in the treatment of osteoporosis.

The anti-asthmatic effect of ethanolic root extract of
A. ilicifolius was investigated on isolated guinea pig
tracheal-chain. The result showed that the extract
relieved the tracheal chain caused by histamine. It
managed to alleviate anaphylactic shock caused by
antigen injection in guinea pigs. On isolated tissues,
the extract also demonstrated a short, non-specific
anti-spasmodic activity (78). The 2-Benzoxazolinone
(BOA) was extracted from the leaf of A. ilicifolius using
methanol and demonstrated in vitro anti-leishmanial
action against Leishmania donovani (8). The IC_ value
was determined to be 40 pg/mL, which was comparable
to the control, pentamidine (39.8 pg/mL).

CONCLUSION

This review highlights several pharmacological
properties of A. ilicifolius found in different types of
extracts and plant parts containing chemical constituents
that have been employed in scientific investigations.
A. ilicifolius exhibits remarkable properties, including
anti-inflammatory, antioxidant, antimicrobial, and even
potential anti-cancer effects as the compounds and
extracts derived from this plant have shown cytotoxic
effects and induced apoptosis in various cancer
cell lines. These findings offer a promising direction
for the development of novel pharmaceuticals and
natural remedies. While the research conducted thus
far is promising, it is essential to acknowledge that
more extensive studies are required to unlock the full
potential of A. ilicifolius. Further investigations into its
mechanisms of action, optimal dosages, and potential
side effects will be instrumental in harnessing its benefits
for human health. Moreover, the traditional use of A.
ilicifolius in various indigenous medical practices
demonstrate its historical significance in traditional
medicine. These old folk remedies, integrating with
modern scientific validation, have the potential to
provide effective treatments for a wide range of health
conditions. In the ever-evolving field of pharmacology
and natural medicine, A. ilicifolius stands as an intriguing
subject with a promising future. Continued research
and collaboration between traditional knowledge and
modern science hold the key to further unlock the
pharmacological potential of this remarkable plant.
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