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ABSTRACT 

Acanthus ilicifoliusbelongs to the family Acanthaceaeis a medicinal plant widely distributed in the coastal areas of 
tropical and subtropical regions. It has been traditionally used in various systems of folk medicine for managing 
conditions such as wounds, fever, inflammation, and respiratory problems. Phytochemical investigations have revealed 
the presence of several biologically active constituents, including flavonoids, alkaloids, phenolic compounds, and 
terpenoids. These constituents are associated with a range of biological effects, particularly antioxidant, anti-
inflammatory, and immunomodulatory activities. Experimental pharmacological studies have further reported 
promising therapeutic potential of A. ilicifolius, including anticancer, neuroprotective, cardioprotective, immune-
modulating, and wound-healing effects. Despite these encouraging findings, evidence from human clinical studies 
remains limited, and its therapeutic benefits and safety in humans have not yet been adequately established. Available 
toxicological studies suggest that the plant may be well tolerated at appropriate doses; however, excessive or prolonged 
administration should be approached with caution. Animal studies have indicated that higher doses of certain extracts 
may adversely affect hepatic and renal functions, emphasizing the importance of dose optimization and appropriate 
treatment duration. Further investigations are therefore required to clarify the pharmacological mechanisms, 
bioavailability, effective dosage, clinical efficacy, and long-term safety of A. ilicifolius. This review summarizes and 
critically discusses the traditional applications, phytochemical composition, pharmacological properties, and available 
toxicity data of A. ilicifolius, providing useful insights for researchers, healthcare professionals, and practitioners 
working in herbal and natural-product medicine. 
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1 INTRODUCTION 

Acanthus ilicifolius is a perpetual herbaceous plant, prevalently perceived as “Holy leaved acanthus”.The plant regularly 
lives in regions of unobtrusive saltiness, shaping shrub around mangrove palms. For the most part, the plant is used in 
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standard systems of medicine, including traditional Indian remedy or Ayurveda and standard Chinese medication for 
treating various sicknesses[1, 2, 159]. Various parts of the plant have been used as unpleasant medicine for treatment 
of asthma, diabetes the composing revealed that the plant is well off in bioactive compounds [3, 4, 159]. This medicinal 
plant is commonly called with different names,English- Holy Mangrove Bengali - Harkuchkanta, Kentki Hindi- Hargoza 
Kannada- Mulluchulli Sanskrit- Harikusa Tamil- Kaludaimulli Telugu- Alasyakampa. 

Acanthus ilicifolius (Acanthaceae) has received considerable attention due to its wide range of secondary metabolites 
and its traditional usage in Indian and Chinese system of medicine. This plant is reported to be a mangrove. Mangrove 
survives in the most hostile environment with fluctuating tidal and saline regime. Hence, these plants are considered to 
be rich sources of steroids, triterpenoids, saponins, flavonoids, alkaloids, and tannins[1, 2, 159]. 

Acanthus ilicifolius L. is a medicinal mangrove plant belonging to the family Acanthaceae. It is a perennial, spiny shrub 
or herb commonly found in mangrove forests, coastal wetlands, estuaries, and tidal areas of tropical and subtropical 
regions [140-142, 159].A.ilicifolius is regular in estuaries all through Asian tropics from India to Polynesia and northern 
Australia[1-20-35-40].Asia and Australia have the best assortment and conveyance of mangrove species known to 
mankind. In India, it is found ordinarily in the east and west drifts, likewise in Meghalaya and the Andaman. It is a 
genuine mangrove animal group found in the most foreshore area[1-23-35-50]. It typically develops on waterway banks 
or tidal channel sides or low swampy zones in mangrove woodlands and regions [1-50, 159]. 

Table1: Biological source 

Parameter Description 

Biological source Acanthus ilicifolius L. 

Family Acanthaceae 

Genus Acanthus 

Species Acanthus ilicifolius 

Common names Sea holly, Holly-leaved acanthus, Sea holly mangrove 

Habit Perennial spiny shrub/herb 

Distribution Coastal and mangrove regions of India and Southeast Asia 

Medicinal parts Leaves, roots, stems, bark and whole plant 

Major 
phytoconstituents 
reported 

Flavonoids, phenolic compounds, alkaloids, terpenoids, lignans and 
other secondary metabolites 

2 ACANTHUS ILICIFOLIUS : BOTANY 

Morphology Acanthus ilicifolius (Fgure-1) is a perennial herb typically growing in coastal areas, including tidal flats, 
mangroves, and salt marshes [6-14]. It has a unique morphology that sets it apart from other plants. Kingdom: Plantae 
Order: Lamiales Family: Acanthaceae Genus: Acanthus Species: A. ilicifolius. Acanthus ilicifolius is a perennial, 
herbaceous plant that belongs to the family Acanthacea[1-50]. It typically grows in coastal regions and mangrove 
habitats. The plant has the following morphological characteristics [7-11, 159]. 

Leaves: The leaves of Acanthus ilicifolius are large, leathery, and glossy. They are arranged alternately along the stem 
and are deeply lobed with spiny margins. The leaf blades are elliptical to lanceolate in shape and can grow up to 15 cm 
in length [1-10-34].  

Stem: The stem of Acanthus ilicifolius is erect and can grow up to 1.5 m in height. It is usually green to brown and has a 
slightly woody texture at the base [1-11-13-57].  

Flowers:Acanthus ilicifolius are arranged in dense spikes, which arise from the axils of the leaves. The spikes can be up 
to 15 cm long and contain numerous flowers. The flowers are tubular and have a white to pale pink color. They are 
bilabiate, with a larger upper lip and a smaller lower lip, and have two stamens and a single pistil [1-10]. 

 Fruits: The fruits of Acanthus ilicifolius are small, capsule-like structures that contain numerous seeds. The capsules 
are oblong and have a brownish color when mature. They split open to release the seeds, which are small, brown and 
flattened [1-10-48]. 
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 Roots:Acanthus ilicifolius has a fibrous root system that spreads horizontally in the substrate, allowing the plant to 
anchor itself in its coastal habitat's muddy and saline soils [1-10]. However, the morphology of Acanthus ilicifolius is 
characterized by large, glossy leaves with spiny margins, erect stems, dense spikes of tubular flowers, capsulelike fruits, 
and a fibrous root system [1-15-16]. These morphological features enable Acanthus ilicifolius to adapt and thrive in its 
coastal habitat [1-15-17].  

 

Figure1:Acanthus ilicifolius 

3 ACANTHUS ILICIFOLIUS: DISTRIBUTION  

Acanthus ilicifolius has a wide distribution in coastal regions of tropical and subtropical countries. It is commonly found 
in India, Malaysia, Thailand, Indonesia, and Australia [1-18-20]. In India, it is found along the coastal areas of the Bay of 
Bengal and the Arabian Sea, including the Sundarbans mangrove forest [1-6,21-57]. It is found in mangrove forests and 
mudflats in Malaysia, particularly in Johor, Perak, and Selangor [1-8-16]. In Thailand, Acanthus ilicifolius is commonly 
found in coastal areas, including the Andaman Sea and the Gulf of Thailand [21]. In Indonesia, it is distributed along the 
coastlines of Sumatra, Java, Bali, and Kalimantan and is also found in the mangrove forests of Papua New Guinea and 
the Solomon Islands [22]. In Australia, Acanthus ilicifolius is found in the coastal areas of Queensland, New South Wales, 
and the Northern Territory [1-23-24]. 

4 ACANTHUS ILICIFOLIUS:ETHNOBOTANY 

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 [1-43,44]. As recorded in traditional medicine, 
the whole plant decoction was mixed with sugar candy and cumin for indigestion treatment [1-45]. 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 [1-46]. The mucilaginous leaves were also applied as a medicinal compress for rheumatism and neuralgia in 
Goa [1-47]. Malay communities in Malaysia have utilized the plant parts of A. ilicifolius for a variety of therapeutic 
purposes. Specifically, the seeds have been employed as a natural remedy in managing cough and for deworming infants 
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[1-48, 49]. 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 [1-50]. In Thailand, extracts from the bark of the plant have been employed to treat dermatitis and 
allergies [1-44]. 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 [1-51]. 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 
[1-24-46]. Table 1 summarizes the uses of A. ilicifolius in ethnobotany [1-52]. 

Table 2: Ethnobotany studies of A. ilicifolius 

S. 
No. 

Plant Part Used Traditional Uses / Ailments Country / 
Region 

Reference 

1 Fruit and seeds Asthma, acne, breast cancer, fistula, gastritis, and 
sinusitis 

Indonesia [53] 

2 Roots Snake bite, skin allergies, diabetes, rheumatoid 
disorders, and edema 

India [54] 

3 Roots Snake bite, skin allergies, diabetes, rheumatoid 
disorders, and edema 

Vietnam [55] 

4 Leaves Rheumatism, neuralgia, cancer, fever, toothache, 
and swelling 

Goa [56] 

5 Leaves Rheumatism, neuralgia, cancer, fever, toothache, 
and swelling 

Bangladesh [57] 

6 Leaves Rheumatism, neuralgia, cancer, fever, toothache, 
and swelling 

India [58] 

7 Whole plant Kidney stones, cough, and hepatitis China [55] 

8 Tender shoots, fruits, 
and roots 

Snake bite Malaysia [59] 

9 Bark Cold and antiseptic applications Thailand [60] 

5 ACANTHUS ILICIFOLIUS: PHARMACOLOGY 

Acanthus ilicifolius has been used in traditional systems of medicine, such as Ayurveda in India and Traditional Chinese 
Medicine, for centuries. In Ayurveda, the plant is known as "Makoy" and has been used for its hepatoprotective, anti-
inflammatory, and anti-diabetic properties [1-24-27]. In Traditional Chinese Medicine, Acanthus ilicifolius is known as 
"Shan Ci Gu" and has been used for its diuretic, anti-inflammatory, and antipyretic properties (Wu et al., 2011). The 
traditional use of Acanthus ilicifolius in these systems of medicine highlights its significance as a medicinal plant with a 
long history of use [1-28].  

Besides its ornamental value, Acanthus ilicifolius has a long history of traditional medicinal use and has been studied for 
its potential pharmacological properties, making it a subject of interest in ethnobotany and natural product research 
[1-29]. A.ilicifolius is popularly recognized for its full scope of secondary metabolites and its traditional usage in Indian 
and Chinese systems of medicine. Folklore claims for this plant are as aphrodisiac blood purifier, diuretic, for treatment 
of asthma, diabetes, dyspepsia, hepatitis, leprosy, neuralgia, paralysis ringworm, rheumatism, skin diseases, snakebite, 
stomach pains, leucorrhoea, leukemia [1-30, 31]. The plant is used to prepare the Ayurvedic medicine known as 
Sahachara which is used for rheumatic complaints. In Thai traditional medicine, the plant is utilized as a purgative and 
as an anti-inflammatory; the leaves are dispensed with pepper (Piper nigrum L.) as tonic pills for longevity  
(aphrodisiac). It is also employed as an emollient fomentation for rheumatism and neuralgia. It is widely believed among 
mangrove dwellers that chewing the leaves will protect against snake bite [1-32, 159]. Tea brewed from the leaves 
relieves pain and purifies blood [1-94]. The root boiled in milk is largely used in leucorrhoea and general debility [1-33, 
159]. A decoction of the plant with sugar candy and cumin is used in dyspepsia with acid eructations. Leaves are bruised 
and soaked in water for external application and are also used  as an expectorant. It is also considered to be a diuretic 
and it is used as a remedy for dropsy and bilious swellings [34, 159].  
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Acanthus ilicifolius has also been used traditionally by indigenous cultures in different regions where it is found. For 
example, in the Sundarbans mangrove forest in India and Bangladesh, local communities have used the plant for various 
medicinal purposes. The leaves and stems of Acanthus ilicifolius are used as poultices for treating skin infections, 
wounds, and insect bites, and the plant is also used as a remedy for coughs, colds, and fevers [35]. On the other hand, it 
has a long history of traditional medicinal use by local communities in the regions where it is found. In traditional 
systems of medicine, different parts of the plant, including the leaves, stems, and roots, are used for various medicinal 
purposes. These traditional uses of Acanthus ilicifolius by indigenous cultures highlight the plant's cultural significance 
and its deep-rooted history of medicinal use.  

In India, Acanthus ilicifolius has been used in traditional Ayurvedic medicine for treating a wide range of ailments. The 
leaves and roots of the plant are used as a poultice to treat wounds, cuts, and skin infections due to their reported anti-
microbial properties [36]. The plant is also diuretic, antipyretic, and analgesic and is believed to have anti-inflammatory 
and anti-arthritic properties [36-37]. In addition, the leaves of Acanthus ilicifolius are used in the treatment of diabetes 
and liver disorders and are also believed to have anti-cancer properties [38].  

In Malaysia, Acanthus ilicifolius has been used traditionally for treating various conditions, including fever, cough, cold, 
and wounds [39]. The leaves of the plant are used as poultices for treating skin infections, and the roots are used for 
treating digestive disorders and as a diuretic [35]. The plant is also believed to have anti-inflammatory properties and 
is used for treating inflammation-related ailments such as arthritis [39-40]. 

 In Thailand, Acanthus ilicifolius has been used traditionally for treating snakebites, wounds, and skin infections [39]. 
The plant is also an antidote for poisoning and a remedy for fever and cough [40]. In Indonesia, Acanthus ilicifolius is 
used traditionally for treating various conditions, including fever, cough, cold, and skin infections [41]. The plant is also 
used as a poultice for treating wounds and as a diuretic [42]. Apart from its traditional uses, Acanthus ilicifolius has also 
been the subject of scientific research to explore its potential pharmacological properties. Numerous studies have 
investigated the chemical constituents and biological activities of Acanthus ilicifolius, revealing its potential as a source 
of bioactive compounds with various medicinal properties [40]. 

The anti-microbial activity of alcoholic, butanolic, and chloroform extracts of leaves and roots of the plant A. ilicifolius 
were studied[159]. Ampicillin and clotrimazole were used as standard anti-bacterial and anti-fungal agents, 
respectively. The result of the study revealed that the alcoholic and chloroform extract of the leaves exhibited strong 
inhibitory action against Bacillus subtilis, Staphylococcus aureus, Candida albicans, Aspergillus fumigatus , and 
Aspergillusniger and moderate inhibitory action against Pseudomonas aeruginosa and Proteus vulgaris[159]. 

6 ACANTHUS ILICIFOLIUS: PHYTOCHEMISTRY 

 Phytochemical investigation of A.ilicifolius indicated the presence of alkaloids, glycosides, triterpenoids, saponins, 
flavonoids, steroids, fatty acid derivatives and. List of Phytochemicals are shown in Table 2 [61]. 

Table 3: Chemical compounds ofAcanthus ilicifolius. 

S. 
No. 

Plant 
Part 

Extract/Solvent Phytochemical Constituents / Chemical Classes 

1 Root Ethanolic / Methanolic / 
Chloroform / Hexane 

Alkaloids, glycosides, lignans, triterpenoid saponins, sterols, 
fatty acids, coumaric acid derivatives 

2 Leaves Ethanolic / Methanolic / 
Chloroform / Hexane 

Alkaloids, glycosides, lignans, triterpenoid saponins, sterols, 
fatty acids, coumaric acid derivatives 

3 Aerial 
parts 

Ethanolic / Methanolic / 
Chloroform / Hexane 

Alkaloids, glycosides, lignans, triterpenoid saponins, sterols, 
fatty acids, coumaric acid derivatives 

4 Stem Ethanolic / Methanolic / 
Chloroform / Hexane 

Alkaloids, glycosides, lignans, triterpenoid saponins, sterols, 
fatty acids, coumaric acid derivatives 

5 Pods Ethanolic / Methanolic / 
Chloroform / Hexane 

Alkaloids, glycosides, lignans, triterpenoid saponins, sterols, 
fatty acids, coumaric acid derivatives 
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Table 4: Biological activities in Acanthus ilicifolius.  

S. 
No. 

Pharmacological 
Activity 

Plant Part / 
Extract / 
Active 
Compound 

Experimental Model / 
System 

Major Findings / 
Observations 

Ref. 

1.1 Anti-inflammatory 
/ Free Radical 
Scavenging Activity 

Methanolic 
fraction of 
leaves 

Rat paw edema; peritoneal 
inflammation model; LPS-
stimulated PBMCs; in-vitro 
antioxidant assays 

Significant inhibition of 
carrageenan-induced paw 
edema, protein exudation, 
and leukocyte migration. 
Inhibited COX-1, COX-2 and 
5-LOX activities and reduced 
TNF-α and IL-6 production. 
Demonstrated significant 
DPPH, ABTS, superoxide and 
hydroxyl radical scavenging 
activity. Increased FRAP and 
TRAP levels, indicating 
enhancement of antioxidant 
status. 

[62] 

1.2 Antimicrobial 
Activity 

Alcoholic, 
ethanol, 
methanol, 
aqueous, 
butanol and 
chloroform 
extracts of 
leaves and roots 

Agar cup-plate method; 
Bacillus subtilis, 
Staphylococcus aureus, 
Pseudomonas aeruginosa, 
Proteus vulgaris, Candida 
albicans, Aspergillus 
fumigatus and A. niger 

Alcoholic and chloroform 
extracts showed strong 
activity against B. subtilis, S. 
aureus, C. albicans, A. 
fumigatus and A. niger. 
Moderate activity was 
observed against P. 
aeruginosa and P. vulgaris. 
Ethanol extract showed 
greater antimicrobial 
activity than methanol and 
aqueous extracts. 

[63–
65] 

1.3 Anti-diabetic 
Activity 

Ethanolic root 
extract 

Alloxan-induced diabetic 
rats 

Oral administration of 200 
and 400 mg/kg extract 
significantly reduced blood 
glucose levels in acute and 
repeated-dose studies. 
Histopathological 
examination indicated 
regeneration/recovery of 
pancreatic β-cells, with 
better recovery at 400 
mg/kg. 

[66] 

1.4 Anti-osteoporotic 
Activity 

Acteoside, 
isoacteoside 
and (+)-
lyoniresinol 3α-
O-β-
glucopyranosid
e from leaves 

MC3T3-E1 osteoblast cells The isolated compounds 
produced moderate 
stimulatory effects on 
osteoblast growth and bone-
forming activity. Acteoside 
enhanced alkaline 
phosphatase (ALP) activity, 
suggesting an estrogen 
receptor-associated 
mechanism. 

[67–
69] 

1.5 Anticarcinogenic / 
Tumour Reducing 
Activity 

Alcoholic 
extract 

Tumour-bearing mice; 
DMBA/croton-oil-induced 
skin papilloma model; 
cancer cell studies 

Extract showed cytotoxicity 
after 72 h and significantly 
increased the lifespan of 
ascites tumour-bearing mice. 
It reduced solid tumour 
development and delayed 

[70–
77] 



Magna Scientia Advanced Biology and Pharmacy, 2026, 19(01), 031–052 

37 

the onset of chemically 
induced skin papillomas. 
Activity was associated with 
antioxidant and possible 
apoptosis/neovascularizatio
n-related mechanisms. 

1.6 Antioxidant and 
Cytotoxic Activity 

Methanolic and 
ethanolic 
extracts, 
particularly 
flower and leaf 
extracts 

DPPH/antioxidant assays; 
L-929, HeLa and other 
cancer cell lines 

Methanol extract contained 
phenolic and other 
antioxidant constituents and 
showed considerable free-
radical-scavenging activity. 
Ethanolic leaf extract 
exhibited cytotoxicity 
toward L-929 cells, while 
methanolic extract showed 
cytotoxicity against HeLa 
and other cell lines. Activity 
may be related to flavonoids, 
phenolics, saponins and 
other secondary metabolites. 

[78–
93] 

1.7 Anticarcinogenic / 
Anti-genotoxic 
Activity 

A. ilicifolius 
extract 

Hydrocortisone-induced 
genotoxicity model 

Extract demonstrated 
protective/anti-genotoxic 
effects and was reported to 
effectively counter 
oxidative/free-radical-
mediated damage. 

[94] 

1.8 Anti-leishmanial 
Activity 

2-
Benzoxazolinon
e (BOA) isolated 
from leaves 

Leishmania donovani BOA exhibited significant in-
vitro anti-leishmanial 
activity with an LC₅₀ of 
approximately 40 μg/mL, 
comparable with the 
reference drug pentamidine. 

[95] 

1.9 Anti-ulcer Activity Methanolic leaf 
extract (MEAI) 

Pylorus-ligation and 
ethanol-induced gastric 
ulcer models 

Extract at tested doses 
significantly reduced gastric 
lesions, gastric volume, free 
acidity and ulcer index. 
Findings suggested anti-
secretory, anti-ulcerogenic 
and ulcer-healing properties. 

[96] 

1.1
0 

Osteoblastic 
Activity 

Acancifoliuside, 
a coumaric acid 
derivative 
isolated from 
leaves 

MC3T3-E1 osteoblast cells Acancifoliuside significantly 
enhanced osteoblast growth 
and differentiation, 
indicating potential bone-
forming and osteoporosis-
preventive effects. 

[97] 

1.1
1 

Hepatoprotective 
Activity 

Alcoholic 
extract 

CCl₄-induced hepatotoxicity 
in rats 

Oral administration at 250 
and 500 mg/kg significantly 
reduced CCl₄-induced 
hepatic damage, as indicated 
by improvements in serum 
and tissue biochemical 
markers. Effects were 
comparable with curcumin 
(100 mg/kg, p.o.). 

[98] 

1.1
2 

Antinociceptive 
Activity 

Aqueous, 
alcoholic and 
methanolic 
extracts; 

Experimental animal 
models of inflammatory 
pain 

Extracts demonstrated 
analgesic and anti-
inflammatory effects. 
Alkaloid fractions 

[99–
102] 



Magna Scientia Advanced Biology and Pharmacy, 2026, 19(01), 031–052 

38 

alkaloids; BOA 
derivatives 

significantly inhibited acetic-
acid-induced inflammatory 
pain. BOA and related 
derivatives may contribute 
to the observed analgesic 
activity. 

1.1
3 

Antiprotozoal 
Activity 

2-
Benzoxazolinon
e isolated from 
leaves 

Leishmania donovani 2-Benzoxazolinone exhibited 
significant anti-
leishmanicidal activity, 
supporting the potential 
antiprotozoal properties of 
A. ilicifolius. 

[103
–
104] 

1.1
4 

Antiasthmatic 
Activity 

Ethanolic root 
extract 

Isolated guinea-pig 
tracheal-chain preparation; 
anaphylactic shock model 

Extract relaxed histamine-
induced contraction of 
tracheal tissue and partially 
protected against antigen-
induced anaphylactic shock. 
It also demonstrated short-
term, non-specific 
antispasmodic activity. 

[105] 

1.1
5 

Hypocholesterolem
ic Activity 

Stigmasterol 
and other 
phytosterol 
constituents 

Mechanistic/pharmacologic
al evidence related to 
cholesterol absorption 

Stigmasterol, structurally 
similar to cholesterol, may 
compete with cholesterol for 
intestinal absorption, 
thereby potentially reducing 
plasma cholesterol levels. 

[106
–
108] 

1.1
6 

Neuroprotective 
Activity 

Plant extracts; 
flavonoid and 
terpenoid 
constituents 

Experimental models of 
oxidative stress and 
neurotoxicity 

Extracts have been reported 
to protect neuronal cells 
against oxidative and 
glutamate-induced damage 
by reducing oxidative stress, 
modulating inflammation 
and improving antioxidant 
defenses. 

[109
–
110] 

1.1
7 

Cardioprotective 
Activity 

Plant extracts; 
flavonoid and 
phenolic 
constituents 

Oxidative stress, ischemia-
reperfusion and 
doxorubicin-induced 
cardiac injury models 

Extracts demonstrated 
protective effects against 
cardiac injury, potentially 
through reduction of 
oxidative stress, 
improvement of antioxidant 
enzyme levels and 
suppression of inflammatory 
responses. 

[110
–
113] 

1.1
8 

Immunomodulator
y Activity 

A. ilicifolius 
extracts; 
alkaloids, 
flavonoids and 
phenolics 

Experimental immune-
response models 

Reported to modulate 
immune responses by 
influencing macrophages, 
lymphocytes, NK cells, 
cytokines and 
immunoglobulins. These 
effects have been associated 
with bioactive alkaloid, 
flavonoid and phenolic 
constituents. 

[114
–
116] 

1.1
9 

Wound Healing 
Activity 

Plant extracts; 
flavonoid and 
terpenoid 
constituents 

Experimental wound-
healing models 

Extracts have been reported 
to promote wound repair 
through fibroblast 
proliferation, collagen 
synthesis and angiogenesis 

[115, 
117–
118] 
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while reducing inflammation 
and oxidative stress. Further 
clinical studies are required 
to establish safety and 
efficacy in humans. 

7 ACANTHUS ILICIFOLIUS: GREEN NANOPARTICLE SYNTHESIS 

Synthesis of ecofriendly silver nanoparticles is of great importance in the filed of nanotechnology.Nanotechnology is 
applied in every aspect of life—medicine, food, or the environment—and nanomaterials are available in different forms, 
such as powder, particles, clusters, tubes or films, and sizes [147-158]. At present, nanoparticles are extensively 
synthesized and utilized owing to their diverse and versatile applications. The presence of a large surface area with 
tunable size and properties makes them prospective candidates for a wide spectrum of applications such as drug 
delivery, pharmaceuticals, food packaging and biotechnology [147-158].  Various nanomaterials such as zinc oxide 
(ZnO), titanium dioxide (TiO2), copper (Cu), silver (Ag) and gold (Au) grabbed the interest in recent years. Among all, 
AgNPs, due to their unique physicochemical properties and chemical inertness, nd applications in various felds such 
as food additives, packaging and the biomedical field[147-158].  Traditionally, AgNPs offer good broad-spectrum 
antimicrobial properties over a wide range of microorganisms. Moreover, this inherent antimicrobial efficacy of AgNPs, 
even at low concentrations, was employed to design many biomedical products. Hence, many medicinal and anti-ageing 
formulations with AgNPs prove to be effective in minimizing side effects caused by the generation of free radicals. Also, 
studies on theincorporation of plant extracts such as aloe vera plant extract and boswellic acid in polymer blends have 
improved antimicrobialproperties[147-158].   

Acanthus ilicifolius L. (Family: Acanthaceae), commonly known as Sea Holly or Holly Mangrove, is a medicinal mangrove 
plant widely distributed in the coastal regions of India, Southeast Asia, and Australia. The plant is rich in secondary 
metabolites such as flavonoids, alkaloids, tannins, phenolics, glycosides, terpenoids, and saponins, making it an excellent 
candidate for the green synthesis of metal nanoparticles. These phytochemicals act as natural reducing, capping, and 
stabilizing agents during nanoparticle formation [119, 159]. Nanoliposomes has referred to as nanoscale bilayer lipid 
vesicles since the term liposome is definition, including various types of vesicles with average size up to several 
micrometers [143-159]. Micro-balloons also known as hollow microsphere are those system that tends to be one the 
most suitable approach for gastric retention micro balloons drug delivery system can be explained as it is containing 
empty par ticles of spherical shape without core identically having a size than 200micrometers [144].  

 

Figure 2: Plant-derived extracts as sources of phytochemicals for green nanoparticle synthesis 

Nanoemulsions are thermodynamically or kinetically stable colloidal dispersions consisting of oil, water, surfactant, and 
co-surfactant, with droplet sizes generally ranging from 20 to 200 nm. Due to their extremely small droplet size and 
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large interfacial surface area, nanoemulsions provide excellent solubilization and delivery of poorly water-soluble drugs 
[160]. 

Table 5: Major Phytochemicals Present in Acanthus ilicifolius and Their Role in Green Nanoparticle Synthesis: 

Phytochemical 
Class 

Examples Reported in 
Acanthus ilicifolius 

Role in Green Nanoparticle Synthesis References 

Flavonoids Quercetin, Kaempferol 
derivatives, Apigenin 
derivatives 

• Donate electrons for reduction of Ag⁺/Au³⁺ 
ions• Act as capping and stabilizing agents• 
Prevent nanoparticle aggregation• Improve 
colloidal stability 

120 

Phenolic 
Compounds 

Gallic acid derivatives, 
Phenolic acids, 
Hydroxybenzoic acid 
derivatives 

• Strong reducing agents• Facilitate rapid 
nucleation of nanoparticles• Enhance 
antioxidant activity of synthesized nanoparticles 

120 

Tannins Hydrolysable and condensed 
tannins 

• Chelate metal ions• Stabilize nanoparticle 
surfaces• Prevent particle agglomeration• 
Improve long-term stability 

123 

Alkaloids 2-Benzoxazolinone, 
Acanthicifoline, Trigonelline 

• Participate in metal ion reduction• Bind 
nanoparticle surfaces through nitrogen-
containing groups• Enhance antimicrobial 
activity of nanoparticles 

120 

Terpenoids Triterpenoids, Steroidal 
compounds 

• Reduce metal ions• Enhance nanoparticle 
biocompatibility• Contribute antioxidant and 
anti-inflammatory properties 

120 

Saponins Triterpenoid saponins • Act as natural surfactants• Prevent aggregation 
of nanoparticles• Improve nanoparticle 
dispersion and stability 

123 

Glycosides Ilicifolioside A, Ilicifolioside B, 
Ilicifolioside C 

• Surface coating and stabilization• Control 
nanoparticle growth• Enhance aqueous 
dispersion and shelf-life 

124 

Polysaccharides Plant mucilage and 
polysaccharide fractions 

• Act as capping agents• Provide steric 
stabilization• Prevent agglomeration• Improve 
nanoparticle dispersibility 

121 
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Figure 3: Phytochemicals and their roles in the green synthesis and stabilisation of AgNPs.  

 

Table 6: Plant-Mediated Green Synthesis of Silver Nanoparticles 

Plant Part / 
Extract 

Synthesis 
Conditions 

Morphology Particl
e Size 

Characterizatio
n 

Reported 
Biological 
Activities 

Reference
s 

Leaf Extract 5 mM AgNO₃; 
Extract:AgNO
₃ ratio 1:2; pH 
10; 60°C; 200 
rpm; 6 h 
incubation 

Predominantl
y spherical; 
non-
aggregated 
particles 

36–78 
nm 
(SEM); 
average 
86.86 
nm 
(AFM) 

UV-Vis (400 nm), 
FTIR, SEM, EDX, 
AFM 

Antibacterial 
activity against 
Vibrio 
parahaemolyticus, 
Pseudoalteromona
s ostreae, and 
Shewanella 
khirikhana; 
inhibition zones 
up to 15 ± 0.8 mm 

125 

Leaf Extract 
(Earlier Study) 

5 mM AgNO₃; 
extract 
concentration 
100 mg/mL; 
extract:AgNO
₃ ratio 1:10; 
40°C; 150 
rpm; 24 h 

Spherical 
AgNPs 

~50 nm UV-Vis, FTIR, 
XRD, SEM, EDAX 

Significant 
antimicrobial 
activity against 
pathogenic 
microorganisms 

127 

Pneumatophor
e Extract 

0.1 M AgNO₃; 
Extract:AgNO
₃ ratio 1:9; 
80°C; 200 
rpm; 90 min 

Uniform 
spherical 
nanoparticles 

~15 nm UV-Vis (420 nm), 
FE-SEM, Cryo-
TEM, AFM, DLS, 
Zeta Potential 

Antibacterial, 
antioxidant, anti-
biofilm, and 
anticancer activity 
against HepG2 

126 
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hepatocellular 
carcinoma cells 

 

8 ACANTHUS ILICIFOLIUS: FACTORS CONTROLLING SYNTHESIS OF AGNPS  

The green synthesis of silver nanoparticles (AgNPs) using Acanthus ilicifolius extract involves a series of interconnected 
steps including reduction, nucleation, growth, capping, and stabilization. The phytochemicals present in the plant 
extract, such as flavonoids, phenolics, tannins, alkaloids, terpenoids, glycosides, proteins, and polysaccharides, act 
simultaneously as reducing, capping, and stabilizing agents.  

Table 7: Mechanism of AgNP Formation Using Acanthus ilicifolius Extract 

Step Mechanism Role of A. ilicifolius Phytochemicals 

1. Reduction of 
Ag⁺ ions 

Ag⁺ ions from AgNO₃ are reduced to 
metallic silver (Ag⁰). 

Phenolics, flavonoids, and terpenoids donate electrons 
through hydroxyl and carbonyl groups. 

2. Nucleation Reduced silver atoms aggregate to 
form nanoclusters. 

Bioactive compounds regulate nucleation rate and 
particle formation. 

3. Growth Silver nuclei grow through 
deposition of Ag⁰ atoms. 

Phytochemicals control growth kinetics and morphology. 

4. Capping Biomolecules adsorb on 
nanoparticle surfaces. 

Proteins, tannins, glycosides, and polysaccharides form a 
protective coating. 

5. Stabilization Prevention of aggregation and 
oxidation. 

Surface-bound phytochemicals provide steric and 
electrostatic stabilization. 

8.1 General Reaction 

AgNO3→Ag++NO3−AgNO_3 \rightarrow Ag^+ + NO_3^- Ag++Phytochemicals→Ag0Ag^+ + \text{Phytochemicals} 
\rightarrow Ag^0 nAg0→AgNPsnAg^0 \rightarrow AgNPs AgNPs+Phytochemicals→Stabilized AgNPsAgNPs + 
\text{Phytochemicals} \rightarrow \text{Stabilized AgNPs}  

The FTIR analysis of A. ilicifolius-mediated AgNPs has revealed the presence of hydroxyl, carbonyl, alkane, alkene, and 
amine functional groups that participate in the reduction and stabilization process [128].  
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Figure 4: Mechanistic pathway of phytochemical-mediated synthesis, morphology control, andstabilisation of 
AgNPs using Acanthus ilicifolius [129-132]. 

 

Table 8: Factors Influencing AgNP Formation from Acanthus ilicifolius Extract 

Factor Effect on Nanoparticles Optimum/Reported 
Range 

pH Influences ionization of phenolics and reduction rate; alkaline pH 
generally produces smaller particles. 

pH 8–10 

Temperature Accelerates reduction and nucleation; excessive temperature may 
degrade phytochemicals. 

40–80°C 

Reaction Time Controls completion of reduction and particle growth. 30 min–24 h 

AgNO₃ 
Concentration 

Determines availability of silver ions and particle yield. 1–5 mM 

Extract 
Concentration 

Provides reducing and stabilizing biomolecules. Species-dependent 

Extract-to-AgNO₃ 
Ratio 

Controls nucleation and particle size distribution. 1:2 to 1:10 

Stirring Speed Improves homogeneity and mass transfer. 150–250 rpm 

Storage Conditions Affect long-term colloidal stability. 4°C, dark conditions 

 

9 APPLICATIONS OF PHYTOCHEMICAL-SYNTHESISED AGNPS 

Phytochemical-mediated silver nanoparticles (AgNPs) synthesized using Acanthus ilicifolius possess potent 
antimicrobial, antioxidant, antibiofilm, anticancer, catalytic, and environmental remediation properties. The bioactive 
metabolites present in A. ilicifolius (flavonoids, phenolics, alkaloids, tannins, and terpenoids) act as reducing and 
stabilizing agents, enhancing the functionality and biocompatibility of AgNPs. Recent studies have demonstrated their 
applications across biomedical, agricultural, food, and environmental sectors [132-133, 159]. 
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Figure 5: Schematic overview of the multifunctional applications of phytochemical-derived AgNPs. 

9.1 Biomedical Applications 

• Antibacterial and antifungal therapy  
• Wound healing and tissue regeneration  
• Drug delivery systems  
• Anticancer activity against various cancer cell lines  
• Biosensing and diagnostic platforms  
• Anti-inflammatory applications  
• Infection control in medical devices  
• Recent studies on A. ilicifolius-derived AgNPs reported strong antibacterial activity against pathogenic 

microorganisms and significant antibiofilm effects, indicating their potential for therapeutic applications [134-
135].  

9.2 Agricultural Applications 

• Plant disease management  
• Nano-fertilizers and nutrient delivery systems  
• Seed germination enhancement  
• Crop growth promotion  
• Nanopesticides and nanofungicides  
• Post-harvest preservation  
• Biosensors for agricultural monitoring  
• Silver nanoparticles have been increasingly explored for disease suppression, nutrient uptake enhancement, 

and sustainable crop protection [136].  

9.3 Food and Packaging Applications 

• Antimicrobial food packaging materials  
• Biofilm inhibition on food-contact surfaces  
• Edible coatings and films  
• Shelf-life extension of perishable foods  
• Fresh produce sanitization  
• Active and smart packaging systems  
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Plant-derived AgNPs exhibit broad-spectrum antimicrobial activity, making them attractive candidates for next-
generation food packaging technologies [137].  

9.4 Environmental Applications 

• Water and wastewater treatment  
• Removal of organic pollutants  
• Antimicrobial coatings  
• Self-disinfecting surfaces  
• Air and soil remediation  
• Antifouling membrane technologies  

Recent reviews highlight the effectiveness of AgNPs in pollutant degradation, microbial disinfection, and environmental 
monitoring systems [138].  

9.5 Future Research Directions 

Compound Sea Holly Capsules (A.ebracteatus) is a certified product of Ministry of Public Health Thailand and has been 
indicated for relief of allergies and rashes. However, there is a scarcity of scientific evidence to establish safety or to 
support folklore claims for this mangrove plant. Structural analogs of 2-benzoxazolinone, a phytochemical of A.ilicifolius, 
have been claimed for weight loss, anoretic, mood enhancing property and as adjunctive in therapy for arthritis, sleep 
dysfunction, fibromyalgia and hyperglycemia [139]. Development of single herb formulations consisting of a full 
spectrum standardized herbal extract with established safety and efficacy studies conducted in accordance with 
scientific principles for above disorders could integrate use of this mangrove plant into clinical practice [131, 159]. 

10 CONCLUSION 

In conclusion, Acanthus ilicifolius, a medicinal plant commonly found in coastal regions of tropical and subtropical 
countries, has been found to possess various pharmacological activities. These activities include anticancer, 
neuroprotective, cardioprotective, immunomodulatory, and wound-healing activities attributed to the plant's bioactive 
compounds, such as flavonoids, alkaloids, phenolics, and terpenoids. These compounds have been shown to exhibit 
antioxidant, anti-inflammatory, and immune-enhancing properties. However, despite the promising pharmacological 
activities of Acanthus ilicifolius, further research is needed to establish its safety, efficacy, and optimal usage in humans. 
Clinical trials are necessary to gather robust evidence on the potential benefits and risks of using Acanthus ilicifolius for 
medicinal purposes. It is important to consult a qualified healthcare professional before using Acanthus ilicifolius or any 
other herbal remedy, as proper dosage, duration of use, and potential interactions with other medications or health 
conditions must be considered. It has shown various pharmacological activities and possesses bioactive compounds 
with potential therapeutic properties. However, further research, including well-designed clinical trials, must establish 
its safety, efficacy, and optimal human usage. It is essential to seek professional advice before using Acanthus ilicifolius 
or any other herbal remedy for medicinal purposes.Acanthus ilicifolius is a promising medicinal mangrove plant rich in 
flavonoids, phenolics, tannins, alkaloids, terpenoids, saponins, glycosides, and polysaccharides. These phytochemicals 
function as natural reducing, capping, and stabilizing agents, making the plant an excellent candidate for the green 
synthesis of silver nanoparticles (AgNPs) and other metal nanoparticles. The resulting nanoparticles exhibit enhanced 
stability, biocompatibility, antioxidant activity, antimicrobial efficacy, and potential pharmaceutical applications. 
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