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Article Information  ABSTRACT 
Received: 17th February 2026  Background: In traditional medicine, plants are important. For ages, various medicinal plants have been 

used for traditional medicine formulations, many of which are still in use today. There are many species 

under the genus Acacia that are important for medicine, most of which are found in Asia. Numerous 

species in the genus Acacia have long been used to treat a range of conditions, from mild ailments to 

serious cancers. Several species in this genus have been used in pharmaceutical and cosmeceutical 

formulations and have achieved commercial success due to their versatile medicinal properties. 

Methodology: The review followed the in-depth analysis of seven prevalent Acacia species. After 

screening an initial pool of approximately 500 articles on these species from sources such as PubMed 

and Scopus (2000–2026), around 120 publications were selected based on inclusion criteria (e.g., a focus 

on phytochemistry/pharmacology). This timeline highlights the novelty of the review while 

documenting emerging findings. Result and Discussion: Numerous studies in phytochemistry, 

pharmacology, and toxicology have demonstrated the positive therapeutic properties of substances such 

as betulin, catechin, diosgenin, kaempferol, and others for illnesses. In addition, numerous novel 

compounds with intriguing bioactivities have been disclosed by researchers. Conclusion: The species' 

pharmacological investigations and phytochemical analyses have been addressed and explained. In 

addition, botanical description and traditional applications are briefly discussed. The isolated 

compounds and their biological activities are discussed. All things considered, the genus Acacia emerges 

as a notable source of bioactive molecules with significant potential for pharmacognostical and drug 

development research in the years to come, especially in oncology.  
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INTRODUCTION 
The Acacia genus contains over 1,084 species of shrub types and 
trees in the subfamily Mimosaceae of the pea family Fabaceae. 
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It is sometimes referred to as wattles. The Neo-Latin name of the 
genus is derived from the Greek word ἀκακία (akakia). Around 
the world, a variety of species were introduced into the genus 

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.69857/joapr.v14i3.2116
https://crossmark.crossref.org/dialog/?doi=10.69857/joapr.v14i3.2116&domain=pdf&date_stamp=2026-05-15


Journal of Applied Pharmaceutical Research 14 (3); 2026: 36 – 52  Roy et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR)| May – June 2026 | Volume 14 Issue 3 |  37 

Acacia. The botanical society acknowledged variations within 
Acacia and that more comprehensive data were required to draw 
well-informed conclusions about the genus's status, even though 
it did not adopt this recommendation [1]. Acacia's phylogeny 
and classification have recently improved as a result of 
substantial new data from molecular genetics and macroscopic 
studies. By examining this new data in light of previous studies, 
we hope to re-evaluate the overall condition of this enormous, 
widely dispersed genus [2]. The most abundant plant family in 
the world, Fabaceae, is found across the world & is thought to 
be the third-largest angiosperm family in terms of species, after 
the Orchidaceae & Asteraceae [3]. The Fabaceae or 
Leguminosae family, which includes the legume, bean, or pea 
family, is a large and economically significant family of 
flowering plants [4,5].   
 
Wild peas contain flavonoids and terpenoids that are used to cure 
acne and wrinkles. The flavonoids exhibit antibacterial and 
anticancer activities. Alfalfa is a member of this plant family, 
which also contains vitamins A, B, E, and K. Crotalaria pallida 
kills intestinal worms, whereas pulverized Crotalaria albida 
roots are used to heal snake bite victims [6]. To the fullest extent, 
the chemical diversity of this genus has not been thoroughly 
studied. Based on the research, this study lists the natural 
compounds identified from the genus Acacia, along with their 
biological characteristics [7, 8]. The numerous and potent 
bioactivities of phytoconstituents present in Acacia species are 
highlighted in this review, including nematocidal, anti-
inflammatory, antioxidant, analgesic, anti-proteolytic, 
antimutagenic, and antiviral properties [9, 10]. With 38.5% 
inhibition, loranthin, another polyphenolic compound, showed 
an interesting scavenging effect when tested against DPPH [11]. 
Recent research has examined this species' biological benefits, 
including chemopreventive, hypolipidemic, antioxidant, anti-
inflammatory, antihypertensive, antiplasmodial, and antidiabetic 
properties [12].  The anti-tumor effect of Catechin-5-O-gallate 
and Gallocatechin-5-O-gallate components was evaluated by 
measuring their cytotoxicity against ARPE-19 cells. The results 
showed that these components were selective for tumor cells, 
with no substantial cytotoxicity observed [13]. 
 
Economic Importance 
Acacia species are economically valuable because they produce 
gum, timber, livestock feed, and tannins used in the leather and 
honey industries. For example, A. catechu produces catechu 
(katha), which is commercially sold at high rates in India for 

dyes and pharmaceuticals, while A. mearnsii is a major source 
of bark tannins worldwide. By providing nourishing pods and 
leaves to cattle, A. nilotica and other species help address feed 
shortages in drought-prone areas, thereby strengthening their 
role in apiculture and soil development [14]. 
 
Prevalence in Traditional Medicine 
In Africa, Asia, and Australia, the antibacterial, anti-
inflammatory, wound-healing, and antidiabetic properties of the 
species are well documented in traditional medicine [15]. While 
A. nilotica heals skin conditions and tumors, A. auriculiformis 
treats wounds, infections, and malaria, and A. catechu acts as an 
astringent for dental health. Amidst limited access to 
veterinarians, traditional ethnoveterinary practices, particularly 
in Ethiopia, emphasize their anti-parasitic and nutritional 
benefits [16]. The phytochemistry, bioactivity, and traditional 
uses of this particular group (A. auriculiformis, A. catechu, A. 
farnesiana, A. ferruginea, A. nilotica, A. hydaspica, and A. 
mearnsii) are not covered in any thorough recent reviews (post-
2020), despite random earlier studies (e.g., 2012–2020) on 
individual species. For some, such as A. nilotica (pre-2021), 
there are previous studies, but comprehensive studies of less-
reviewed species, such as A. ferruginea and A. hydaspica, 
remain limited. This emphasizes the need for an updated 
assessment to compile new information about their potential for 
treatment. 
 
METHODOLOGY 
Scopus, PubMed, Web of Science, ScienceDirect, and Google 
Scholar were used to browse the online literature. Several 
databases were searched for Acacia species and their medicinal 
properties from January 2000 to 2026.  
 
RESULT AND DISCUSSION 
Details about seven prevalent species under the Acacia genus 

1. Acacia auriculiformis A.Cunn. ex Benth 
Acacia auriculiformis belongs to the family Fabaceae, straight 
up, medium in size, evergreen or perennial tree, potentially 
attaining 30 meters in height, and is generally found on the sides 
of roads and in most parks of India. The tree is indigenous to 
Australia and was introduced to West Bengal, India [13]. The 
vernacular names for the plant include- 

• Bengali- Akashmoni 
• English- Australian wattle 
• Hindi- Bengali babul 
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 Gallic Acid             Caffeic Acid              Quercetin 3'-O-glucoside Acid 

Other vernacular names for the plant include Papuan Wattle, 
Earpod Wattle, Tan Wattle, etc. Synonyms include Acacia 
moniliformis and Racosperma auriculiformae.  

 
Figure 1: Branches of Acacia auriculiformis A. Cunn. ex 

Benth [17]  

Phytochemical constituents 
Acacia auriculiformis extracts have a number of flavonoids in 
the literature.  A. auriculiformis was used to isolate a novel 
flavan glucoside, also known as auriculoside or 7,3′,5′-
trihydroxy-4′-methoxyflavan 3′-glucoside. From the fruits of 
Acacia auriculiformis, Gallic acid, caffeic acid, quercetin 3’-O-
glucoside (Figure 2), and two novel glycosides were identified 
as proacaciaside I and proacaciaside II. Two newly discovered 
acylated triterpenoid bisglycosides that were extracted from A. 
auriculiformis fruits were published. A. auriculiformis's bark 
contains the leucodelphinidins and leucocyanidins, which turn 
red when exposed to light [18].  
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Figure 2: Compounds isolated from A. auriculiformis 
 

Structure-Activity Relationship (SAR) 
The pyrogallol moiety, which is essential to the pharmacology 
of gallic acid (3,4,5-trihydroxybenzoic acid), is formed by three 
adjacent hydroxyl (-OH) groups surrounding a benzoic acid 
core. The ortho-trihydroxy arrangement enhances antioxidant 
activities by facilitating strong free radical scavenging through 
metal chelation and hydrogen atom donating. The ortho-
trihydroxy arrangement enhances antioxidant activities by 
facilitating strong free radical scavenging through metal 
chelation and hydrogen atom donating.  
While the carboxylic acid (-COOH) group promotes cancer cell 
death by increasing ROS and activating caspases, the anti-
inflammatory activity depends on the 3,4,5-trihydroxy 
configuration, which inhibits NF-κB translocation and MAPK 
pathways [19]. Kaempferol, a flavonol with a 3-hydroxyflavone 
backbone (rings A, B, and C), has a single -OH at the 4' position 
on the B-ring. The B-ring 4'-OH provides little ROS quenching, 
although glycosylation or the absence of 3-OH reduces efficacy. 
The C-ring's 3-OH and 4-oxo groups form a hydrogen-bonded 
chelate essential for antioxidant activity, stabilizing radicals. 
Pharmacologically, the hydrophobic C-ring promotes anti-
inflammatory benefits through COX-2 and iNOS 
downregulation, the planar flavone structure aids in 
topoisomerase II inhibition and PI3K/Akt suppression for anti-
cancer effects, and B-ring hydroxylation increases cytotoxicity 
against breast cancer lines [20]. 

PHARMACOLOGICAL ACTIVITIES  
2. Acacia catechu Willd 

Acacia catechu Willd, which belongs to the family Fabaceae, is 
a deciduous, gregarious tree that grows up to 15 meters tall, with 
dark brown, glabrous branchlets, and is especially common on 
sandy soils along riverbanks and in watersheds. The bipinnate, 
stipulate leaves, flowers are pale-yellow, and the seed pods are 
dark brown. This tree is native to the dry deciduous forests of 
India, Myanmar, Bangladesh, Nepal, Bhutan, Thailand, and 
other regions. Other scientific synonyms for A. catechu include 
Acacia sundra and Mimosa catechu. Vernacular names for this 
plant species are-  

• English- Black cutch 
• Hindi - Khair, Khaira 
• Bengali - Khayer  

 
Figure 3: Branches of Acacia catechu [26] 
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    L-Arabinose 

Table 1: Pharmacological potential of Acacia auriculiformis 
Plant part Activity Solvent of Extraction Ref. 

Flowers, leaves, root, and bark Anti-oxidant activity Ethanol, Ethyl acetate 21 
Flowers and leaves Antimicrobial activity Methanol 22 

Bark Antimutagenic and chemopreventive activity Acetone 23 
Leaves Memory-enhancing activity Ethanol 24 
Leaves Anti-inflammatory effect Methanol, Chloroform 25 

Phytochemical Constituents 
Acacia catechu extracts contain abundant tannins, flavonoids, 
and other phenolic compounds in the literature. Using 
electrospray ionization mass spectrometry in conjunction with 
HPLC, the aqueous extract of A. catechu twigs revealed that the 
main constituents are catechins, which are, by definition, 
polymers and derivatives of gallic acid (a polyhydroxylated 
benzoic acid). The main catechins found in A. catechu are 
epicatechin-3-O-gallate,  epicatechin, epigallocatechin-3-O-
gallate, and catechin, shown in Figure 4. Additional significant 
secondary products found in the extracts included caffeine, 
flavonol dimers, and flavonol glycosides [27]. Camphor and 

phytol were the two main terpene components found in A. 
catechu extract, with additional terpenes present at trace levels, 
which are associated with its strong antifungal and antibacterial 
properties [28]. Two novel phenolic compounds, 5-hydroxy-2-
[2-(4-hydroxyphenyl) acetyl]-3-methoxylbenzoic acid and 
(2S,3S)-3,7,8,3′,4′-pentahydroxyflavane, were isolated from the 
water extract, alongside four previously known components 
identified as rhamnetin and fisetinidol. The herb is hypothesized 
to be mentally beneficial and possesses antioxidant qualities. L-
arabinose, D-galactose, aldobiuronic acid, D-galactopyranose, 
etc., resulted after the acid hydrolysis of the gum [29].  
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Figure 4: Compounds isolated from A. catechu 
 
Structure-Activity Relationship (SAR) 
For strong antioxidant radical scavenging, catechin's flavan-3-ol 
scaffold (A, B, and C rings) depends on the B-ring catechol 
(3',4'-diOH). 3-galloyl esters enhance this through hydrophobic 
attachment of galloyl groups to lipid membranes. A-ring 5,7-
diOH inhibits NF-κB, and C-ring stereochemistry (2R,3S in 
natural epicatechin) permits topoisomerase disruption, which 
results in cytotoxicity and anti-inflammation [30]. 3-OH, 5,7-
diOH on the A-ring, and 3',4'-catechol on the B-ring are 
characteristics of taxifolin (dihydroquercetin), a flavonol with a 
non-planar C2-C3 saturated bond. Saturation improves 
metabolic stability, but the 4-oxo/3-OH chelate's moderate 
antioxidant activity is less than that of planar flavonols; B-ring 
diOH mediates ROS quenching & caspase activation for 
cytotoxicity. Through PI3K inhibition, 3'-methoxylation 

(found in Acacia isolates) increases selectivity for breast cancer 
cell lines, whereas 5,7-diOH suppresses COX-2/iNOS, 
conferring anti-inflammatory activity [31]. 
 
Pharmacological Activity 
3. Acacia farnesiana (Lam.) Willd 
Acacia farnesiana is a tiny tree or shrub in the family Fabaceae. 
The perfume industry makes use of its blossoms. Acacia 
farnesiana is a type of deciduous Shrub. The synonyms include- 
Acacia acicularis, Acacia indica, Acacia lenticellata, Farnesia 
odora, and Acacia minuta. 
The vernacular names for the plant include-  

• English- Sweet acacia, Fragrant Acacia, Needle Bush 
• Bengali- Belati Babul 
• Hindi- Bilati Babul,  

     Catechin       Taxifolin          Kaempferol 



Journal of Applied Pharmaceutical Research 14 (3); 2026: 36 – 52  Roy et al.  
 

 
 Journal of Applied Pharmaceutical Research (JOAPR)| May – June 2026 | Volume 14 Issue 3 |  40 

7 β-hydroxysitosterol 

Table 2: Pharmacological Potential of Acacia catechu   
Plant Parts Activity Solvent of Extraction Reference 
Fresh leaves Anti-microbial Methanol, acetone 32 

Bark Anti-oxidant Acetone, Methanol 33 
Bark Anti-microbial Ethyl acetate 34 
Bark Anti-inflammatory Methanol 35 
Stem Anxiolytic Potential Methanol 36 
Root Hepatoprotective Ethyl acetate, Ethanol 37 
Seed Anti-diabetic Ethanol 38 
Seed Cytotoxicity Ethanol 39 

 
Figure 5: Branch of Acacia farnesiana (Lam.) Willd [40] 

Phytochemical constituents 
Tetracosanoic-2,3-dihydroxypropyl ester and estigmasta-5,22-
dien-3-yl β-D-glucopyranoside were separated and described 
from hexane and chloroform extracts. Pinitol was identified 
from the methanolic extract along with methyl gallate, gallic 
acid, estigmasta-5,22-dien-3-yl β-D-glucopyranoside, and (2S) 

naringenin 7-O-β-glucopyranoside (prunin). In addition to 
naringenin and kaempferol7-(6-galloylglucoside), three novel 
flavonoids were discovered in the dried pods of Acacia 
farnesiana: naringenin 7-O-β-(4″,6″-digalloylglucopyranoside), 
quercetin 7-O-β-(6″-galloylglucopyranoside), and myricetin 7-
O-β-(6″-galloylglucopyranoside) [41].  
 
Flavones, Flavonols, Anthocyanins, and Dihydrochalcones are 
types of compounds identified by HPLC [42]. Phenolic 
components were found in the 10.02-28.05 mg of GAE/g range 
of extractives from several A. farnesiana extractives [43]. By 
using UPLC-ESI-q-TOF-MS analysis, 12 phenolic compounds  
such as gallic acid, hydroxytyrosol acetate, quinic acid, and 
caffeoylmalic acid) were found in different extracts [44]. The 
isolated compounds are shown in Figure 6 below. 
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Figure 6: Isolated compounds from A. farnesiana 
 
Structure-Activity Relationship (SAR) 
The rigid ABCDE ring system of β-amyrin, a pentacyclic 
triterpene of the oleanane type, has an isopropylidene at C-27, 
an exocyclic double bond (C-12=13), and a hydroxyl (-OH) at 
C-3. Acetylation at C-3 improves lipophilicity and anti-
inflammatory efficacy by more effectively inhibiting NF-κB.  
 
The C-3β-OH facilitates hydrogen bonding for membrane entry 
and ROS generation, leading to apoptosis-like death in bacteria 
via caspase-like stimulation and DNA fragmentation. Through 
mitochondrial disruption, the C-12 double bond and E-ring 
flexibility increase cytotoxicity against cancer cells [45].  The C-
3 OH, C-12=13 double bond, C-17 COOH & C-28 aldehyde of 

viscic acid, an ursane-type triterpenoid (3-hydroxy-urs-12-en-
27-oic acid-28-aldehyde or related), distinguish it from ursolic 
acid.  
 
In contrast to monocarboxylic analogs, the planar ursane 
scaffold inhibits 5-LOX/COX for anti-inflammatory actions, 
while the C-27/28 dicarboxylic/aldehyde moieties bind metals & 
form micelles, enhancing antioxidant scavenging of 
DPPH/ABTS radicals. C-17 COOH, which confers 
topoisomerase II toxicity, correlated with cytotoxic efficacy 
against breast cancer cell lines, whereas C-3 esterification 
increased solubility & GI uptake while maintaining NF-κB 
suppression [46]. 

β-Amyrin Viscic acid 
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Pharmacological Activity 
Table 3: Pharmacological Potential of Acacia farnesiana   

Plant Parts Activity Solvent of Extraction Ref. 
Pods Anti-oxidant Hydro-methanol [47] 
Fruits Anti-microbial (antitubercular and antidysentery activity) Hexane and chloroform [43] 
Pods Anti-inflammatory and Anti-oxidant Successive solvents [48] 

Seeds Anti-nociceptive and Anti-inflammatory activity Protein fractions (albumin, globulin, 
prolamin, acidic and basic glutelin) [49] 

Bark Cytotoxic, Thrombolytic activities Hexane, Chloroform and Aqueous [50] 
Pods Antibacterial Ethanol [42] 

Leaves Antimicrobial, cytotoxicity, antioxidant Ethanol [51] 
Pod Anti-diabetic Ethanol [52] 

Leaves and stems Antidiarrheal Aqueous and Ethanol [53] 

4. Acacia ferruginea DC. 
The drought-tolerant A. ferruginea tree is a member of the 
family Mimosaceae and is found in Peninsular India. The trees 
of A. ferruginea DC grow to an average height of approximately 
20 meters. The bark is brown, rough, and fissured, with a 
thickness of 10 to 12 mm. The bark of A. ferruginea has 
traditionally been used to treat hemorrhage, leprosy, and irritable 
bowel syndrome due to its potent anti-ulcerogenic and 
antioxidant properties. Larvicidal, anti-inflammatory, anti-
cancer, anti-hemolytic, antidiabetic, and anti-hemorrhoidal 
qualities are found in the bark and aerial sections of A. 
ferruginea. Among the synonyms are: Pedley Senegalia 
ferruginea, Mimosa ferruginea [53]. The vernacular names 
include- 

• English: Rusty Acacia  
• Hindi: Safed Khair, Kaigar,  
• Tamil: Karambai  

Phytochemical constituents 
There are notable amounts of phytochemical components in the 
hydroalcoholic concentrate of the bark and leaves of Acacia 
ferruginea. With 34% w/w in the bark and 23% w/w in the 
leaves, the saponin contents were likewise found to be 
significant. Flavonoids, steroids, alkaloids, terpenoids, and trace 
levels of saponins were detected in ethyl acetate preparations of 
the bark and leaves [54]. Numerous beneficial components, 

including catechin, hydroxy gamma-butyrolactone, imidazole, 
procyanidin B1, quercetin, gamma-sitosterol, stigmasterol, 
lupeol, ellagic acid, and others, were identified through 
advanced chemical profiling using LC/MS and GC/MS. 
Research indicates that Acacia ferruginea has a high tannin 
concentration [55]. According to certain research, the total 
tannins (g/kg) and condensed tannins (g/kg) of raw and dry-
heated extracts of Acacia ferruginea seeds are, respectively, 55.1 
± 0.2; 336.5 ± 5.1 and 46.0 ± 0.3; 318.0 ± 9.9% [56].  

 
Figure 7: Branch with flower of Acacia ferruginea DC [26] 
Such a thorough phytochemical profile highlights the 
importance of phytocomponents and their potential use in 
industrial and therapeutic domains [57]. Among the obtained 
chromatograms, the maximum % area was observed for Methyl 
mannose Phenol, 2-methoxy-3-(2-propenyl), stigmasterol, 
Lupeol, gamma Sitosterol & remaining molecules, each 
exhibiting below 1 % area at their respective retention times 
[58]. 

Pharmacological Activity 
Table 4: Pharmacological Potential of Acacia ferruginea  

Plant Parts Activity Solvent of Extraction Ref. 
Leaves, bark Anti-oxidant activity Ethyl acetate, Hexane, Ethanol, Distilled water 54 

Bark, aerial parts Anti-inflammatory activity Hydroalcoholic and Methanol 55, 56 
Stem bark Anti-diabetic Methanol 57 

Fresh barks Anti-ulcerogenic Ethyl-acetate fraction of Acetone extract 58 
Aerial parts Anti-tumor activity Methanol 59 
Aerial parts Ulcerative-colitis Methanol 60 
Fresh barks Anti-cancer Acetone 52 

Bark Anti-hemorrhoidal Hydro-alcoholic 61 
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Methyl gallate Myricetin 

5. Acacia hydaspica J.R. Drummond ex R.N. Parker 
Native to arid and semi-arid parts of Pakistan and Northern 
India, Acacia hydaspica is a shrub/small tree species in the 
family Fabaceae that thrives in arid environments. It can be 
found along riverbanks and in desert scrub. With bipinnate 
leaves with tiny, fine leaflets, yellow globular flower heads, and 
flat, thin, long, and narrow seedpods, the plant can reach a height 
of one to three meters [62]. The scientific name for A. hydaspica 
is A. hydaspica J.R. Drummond ex R.N. Parker.  
The various vernacular names are- 

 Pakistan (particularly in Sindhi & Punjabi language) – 
Kandiari 

 East & West Himalayan Region – Pahari kikar, Kikar, 
Mamat 

Other scientific synonyms for the plant include Acacia eburnean 
(L.f.) Willd, Vachellia hydaspica.  

 
Figure 8: Branches of Acacia hydaspica [26] 

 
Phytochemical Constituents 
It was shown that the different plant extracts and fractions of A. 
hydaspica included terpenoids, flavonoids, tannins, steroids, 
sapogenins, and cardiotonic glycosides. Higher levels of 
polyphenols, including the flavonoid rutin, gallic acid, catechin, 

and myricetin, which have antidepressant and antioxidant 
properties, are found in the branch portions of A. hydaspica 
extracts [63,64]. The ethyl acetate (AHE) extract of A. hydaspica 
contains important antioxidant & anticancer chemicals, 
including catechin, catechin-gallate, and methyl gallate [65].  
 
Based on both yield and activity, 7-O-galloyl catechin appears 
to be the primary antioxidant component in the aerial portions of 
the A. hydaspica ethyl-acetate extract, as determined by 
bioassay-guided isolation. Tannins are isolated from the seeds 
and bark of A. hydaspica. Tannins are found in seeds and bark. 
Squalene and 2,6-dimethyl-N-(2-methylà-phenyl benzyl) aniline 
were detected in A. hydaspica by GCMS analysis [66]. 
Bioassay-guided fractionation reported to identify the 7-O-
galloylcatechin, methyl gallate, and catechin-3-O-gallate as 
cytotoxic agents (Figure 9). The compounds are identified for 
their effects on specific cell signaling pathways in breast and 
prostate cancer models, including the PC-3 and MDA-MB-231 
cell lines [67]. 
 
Structure-Activity Relationship (SAR): 
By increasing antioxidant activity by 60%, the pyrogallol B-ring 
(3',4',5'-trihydroxy) enables potent ROS scavenging and free 
radical quenching. Anticancer actions, including PI3K/Akt 
inhibition, cell cycle arrest (G0/G1, G2/M), and apoptosis in 
breast, lung, and liver cancers, depend on the C2=C3 double 
bond, the 4-keto group, and the B-ring catechol [68].  
Galloyl outperforms catechol-carboxylic acid analogs, and its 
adjacent hydroxyls on the galloyl aromatic ring represent a 
crucial structure for antioxidant and nanoparticle absorption 
improvement in tumor cells [69]. 
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Figure 9: Isolated compounds from A. hydaspica 
 
Pharmacological Activity 
Table 5: Pharmacological Potential of Acacia hydaspica 

Plant Parts Activity Solvent of Extraction Ref. 
Bark, twigs, leaves Anti-pyretic, Analgesic Methanol, Ethyl acetate 70 

Aerial parts Nephro-protective effect Ethyl acetate 71 
Aerial Parts Anti-cancer (Prostate, Breast) Methanol 72 
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6. Acacia nilotica Willd  
Acacia species are frequently referred to as “Babool” in India. 
Family Mimosaceae. Acacia nilotica is also known as Nubian 
acacia. ‘Nilotica’ means “Nile valley”. The Arabic tree, also 
known as the Babul tree, Kikar tree, or Indian gum tree, is 
generally considered a multipurpose tree. Numerous conditions, 
including toothaches, sore throats, mouth ulcers, malaria & 
fertility issues, have been treated using Acacia nilotica.  
 
It is a potent multipurpose tree that has been used extensively to 
treat a number of illnesses, including leukoderma, biliousness, 
diarrhea, ulceration, bronchitis & bleeding piles [73]. The 
synonyms include- A. arabica Delile, Mimosa arabica, Mimosa 
nilotica [74]. The vernacular names include- 

• English: Indian gum arabica, Black babool, Thorn 
acacia 

• Bengali: Babla 
• Hindi: Kikar, Babool, Babula, Babura 
• Telugu: Nallatuma, Thumma 

 
Acacia nilotica is an almost evergreen tree with a crown and 
feathery foliage, found throughout the drier parts of India [76]. 
Brown to blackish, longitudinally deeply cracked bark. The tree 
usually attains a height of 15m & girth of 1.2m; flowers golden-
yellow, fragrant, crowded in long-stalked pods; pods white, flat, 
containing 8-12 seeds, 7.5-15cm, contracted between the 
circular seeds [76, 77, 78]. 

 
Figure 10: Acacia nilotica (L) branch with flower [26] 

 
Phytochemical constituents 
The barks contain range of bioactive substances including 2,3,5-
dilgalloyl-2,4-mono- galloyl tannin and methyl gallate. Several 
other bioactive components have been extracted of the bark, 
including Chalconaringenin-4′-O-β-glucopyranoside), rutin 
(quercetin -3-O-ru-tinoside), mollisacacidincatechin-5,7-
digallate, and catechin-4′,5-digallate.  

These components further indicate the diverse phytochemical 
profile and the therapeutic potential of the bark extracts. A series 
of other secondary metabolites have also been reported from 
Acacia nilotica, which includes dimethyltryptamine, N-
methyltryptamine, D-pinitol, T-Sitosterol, Acanilol, Lupenone, 
Lupeol, Niloticane [79, 80, 81].  
 
Moreover, the pod plant includes sugars, carbohydrates, 
glycosides, tannins, phytophenols, proteins, saponins, starch, 
flavonoids, and steroidal nuclei. This highlights the efficiency of 
50% aqueous ethanol for extracting phenols and flavonoids from 
Acacia nilotica [82]. The seed oil is enriched with linoleic acid 
(39.2%) and oleic acid (32.8%) [83]. Studies had reported the 
presence of Pyrogallol (64.04%), 9,12-Octadecadienoic acid 
(6.8%), methyl oleate (1.9%), methyl linoleate (1.6%) and N, N-
Dimethylglycine (1.3%). These are attributed to be the major 
phytoconstituents in the methanolic fraction of Acacia nilotica 
[84].  
 
Epicatechin, quercetin gallic acid, umbelliferone, rutin, 
myricetin, and catechin were quantitatively identified in 
significant amounts, while botulin (Figure 11) and kaempferol 
were found in negligible amounts [79]. In addition to that several 
flavonoids and isoflavonoids were seen along with the flour 
flavone aglycones: apigenin, acacetin, luteolin, and chrysoeriol. 
The analysis also detected the flavanols aglycones kaempferol 
and quercetin, as well as proanthocyanidins, highlighting the 
rich phytochemical diversity of Acacia nilotica [85]. 
 
Structure-Activity Relationship (SAR) 
According to 3D-QSAR, anticancer activity of Betulin is 
favoured for non-bulky, negatively charged, electron-donating, 
hydrophobic groups with acceptance but no H-bond donation at  
C-3 (secondary OH); Nrf2 activation lowers ROS in 
diabetes/liver models; SREBP inhibition via C-28 favours 
lipid/glucose control [86]. 
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Figure 11: Betulin from A. nilotica
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Robinetinidol Quercetin 3-galactoside Fisetinidol 

Pharmacological activities 
Table 6: Pharmacological Potential of Acacia nilotica  

Plant Parts Activity Solvent of Extraction Ref. 
Roots Antioxidant, Anti-ulcer Hydroalcoholic, aqueous 82 
Leaves Antimicrobial Aqueous, ethanolic 87 

bark Antibacterial Pet. Ether, chloroform, ethyl acetate, acetone, methanol 88 
Bark Antidiabetic Ethanol 84 
Pods Antibacterial, Antimutagenic Aqueous 23 
Bark Antileishmanial Methanolic 88 
Pods Antihypertensive Ethanolic 89 
Bark Anti-inflammatory Aqueous 90 

Fresh bark Anti-pyrectic, anti-nociceptive Aqueous 91 
Stems Anti-inflammatory, neuroprotective Methanol 92 

Leaves, pods, stems Anti-malarial Ethanol 93 
Pods Anti-fertility Aqueous 94 

7. Acacia mearnsii 
Acacia mearnsii De Wild. belonging to the Fabaceae Lindl. 
family, Caesalpinioideae subfamily, Acacieae tribe, 
and Acacia genus. A. mearnsii is known as “Acacia-Negra” or 
Black Wattle [95]. Smooth bark, spherical heads, and bipinnate 
leaves of pale yellow or cream-colored flowers with black to 
reddish brown pods are the distinguishing features of this upright 
tree. Spreading Shrub Acacia mearnsii usually reaches a height 
of 10 m (33 ft) [96, 97, 98]. A. mearnsii does not grow on very 
dry and poor. Synonyms include Acacia decurrens and 
Racosperma mearnsii [99, 100]. 
The vernacular names for the plant include-  

• English- black wattle 
• Tamil- Chavukku        

Phytochemical Analysis 
Ethyl acetate extracts of Acacia mearnsii leaves contain a 
number of flavonoids. The main components were flavonoids, 
including Myricetin-O-tri-hexoside, Quercetin–O–hexoside–
deoxyhexoside, Rutin, Quercetin-O-rhamnoside, Myricetin-O-
pentoside, etc. The acetone fraction, L4, contained 
proanthocyanidins (PAC) with varying degrees of 
polymerization, such as (Epi)fisetinidol-(epi)fisetinidol-(epi) 
gallocatechin, (Epi) fisetinidol -(epi)robinetinidol-(epi) 
gallocatechin [101]. It was discovered that the bark of A. 
mearnsii contained a unique natural compound called 

robinetinidol-(4β-8)-catechin [102]. It also includes the amino 
acids pipecolic acid, 4-hydroxypipecolic acid, albizine, proline, 
arginine, aspartic acid, glutamic acid, and serine, as well as 
pinitol. Additionally, a long-chain β-diketone & a "steroid" 
alcohol have been discovered [103]. The leaves of A. mearnsii 
indicated a positive result for the presence of saponins by 
foaming after vigorous stirring [104]. Proanthocyanidins 
identified in A. mearnsii bark fractions (B1-B7) by LC-ESI-
TOF-MSn are listed here: Procyanidin B1, Procyanidin, 
Gambiriin C, Cinnamtannin A2, Davallin [105].  

 
Figure 12: Acacia mearnsii blossoms  [26] 

Compounds vanillin, p-coumaric acid, trans-cinnamic acid, 5-
methylfurfural, quercetin, 4,5,7-trihydroxyflavanone, gallic 
acid, syringaldehyde, and caffeic acid were generally present in 
greater amounts in flowers of A. mearnsii [106]. Acacia mearnsii 
leaf hydrochloric acid extraction revealed essential and non-
essential amino acids like histidine, Isoleucine, Leucine, 
Methionine, Threonine, Tyrosine, Alanine, Serine, Glutamine, 
Proline, Glycine, Arginine [107]. 
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Figure 13: Isolated compounds from A. mearnsii 
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Structure-Activity Relationship (SAR) 
Robinetinidol contributes to plant defense and human health via 
ROS quenching, NF-κB/MAPK suppression, and cytotoxicity in 
cancer lines through apoptosis induction.  

Its pyrogallol B-ring (3',4',5'-trihydroxy) mirrors myricetin's, 
suggesting potent bioactivity in breast cancer models via 
PI3K/Akt or caspase pathways [108]. 
 

Pharmacological Activity  
Table 7: Pharmacological Potential of Acacia mearnsii  

Plant Parts Activity Solvent of Extraction Ref. 
Leaf Antibacterial, Antifungal and Cytotoxicity Acetone 107 
Leaf Antioxidant, Anti-inflammatory 80% aqueous methanol then 70% aqueous acetone 109 
Leaf Hypoglycaemic capacity, Antioxidant 80% (v/v) aqueous methanol 110 

Bark Antioxidant, Antidiabetic, Cellular Antioxidant 
Activity 

defatted twice with hexane then suspended in 80% 
(v/v) ethanol 111 

Bark Inhibitory Effect on Allergic Dermatitis Hot Water 112 
Bark Anti-tumour, Radical scavenging Activities Water, methanol and ethanol 106 

Tannins Antimicrobial Agents Sol-gel (SGAR, SGBR, SGSR, SGNHR) methods 113 
Bark Antimicrobial and Toxicity Activities Acetone 114 

Bark Tyrosinase inhibitory Assay Hot water extracts were further extracted with 70% 
aqueous acetone 115 

Bark Acrolein-Induced Oxidative Damage Isolated compound robinetinidol- 
(4β →8)-epigallocatechin 3-O-gallate (REO) 116 

Stem bark Antibacterial Activities against Drug-Resistant 
Bacterial Isolates Acetone 117 

Whole plant Antibacterial and antibiofilm activity Commercially available tannin extract 118 

Bark Algal Bloom Control and Plankton Structure 
Optimization Water 119 

Bark Inhibitory mechanisms on Microcystis aeruginosa Water 120 
Stem bark Antimycotic and cytotoxic potentials Methanol 121 

Pods Antioxidant, Antimicrobial Ethanol 122 

Pharmacokinetics of Acacia extracts 
Catechins, epicatechins, and proanthocyanidins are examples of 
polyphenols and tannins found in Acacia extracts that undergo 
substantial phase II metabolism in the liver and stomach, 
producing conjugates that lower systemic levels. Poor solubility, 
quick breakdown in gastrointestinal disorders, and restricted 
absorption—only monomers, dimers, and trimers frequently 
make it to serum fractions—are the causes of low bioavailability. 
These factors make therapeutic dosing more difficult by causing 
low plasma levels and short half-lives [123]. Due to 
enterohepatic conjugation, flavonoids such as ellagic acid, 
kaempferol, and quercetin have poor oral bioavailability; 
however, ester derivatives may improve it. Although intestinal 
absorption is still constrained by polyphenolic complexity, 
gastric stability is quite good. The lack of comprehensive 
pharmacokinetic data indicates a gap in the literature. 
 
Future Perspective 
Variability in plant material (bark, leaves, gum), solvents, and 
extraction techniques such as maceration or Soxhlet extraction 
leads to variability in extracts, resulting in varying amounts of 

bioactive compounds like flavonoids and polyphenols. 
Reproducibility deteriorates in the absence of standardized 
methods, impeding clinical translation and regulatory approval 
for applications such as cytotoxic medicines against cancer cell 
lines. Current research frequently lacks quantitative HPLC/UV 
standards specific to these species as well as approved indicators 
(such as quercetin and catechin. With limited data on heavy 
metals, pesticides, and dose-dependent toxicity in extracts from 
A. nilotica or A. ferruginea—all crucial for Good Manufacturing 
Practices (GMP)—the safety profiles remain poorly understood. 
The bioavailability and stability of chemicals such as tannins in 
A. catechu for oral or topical preparations are not addressed by 
the limited pharmacokinetic investigations. Pharmaceuticals 
targeting oxidative stress in cancer models cannot be produced 
at scale due to the paucity of clinical trials, which are primarily 
preclinical. As indicated by numerous literature reviews, Acacia 
species are rich in medicinal properties and are also utilized in 
traditional remedies, according to the material gathered for this 
review. These days, individuals are driven to plant-based 
medications since they are less toxic and more economical. The 
development of new herbal remedies for human usage might 
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benefit from further investigation on these species. To 
fingerprint marker chemicals in Acacia extracts while 
maintaining batch consistency, we must develop species-
specific HPTLC or LC-MS methods. connect ethnomedicine to 
GMP-compliant products by giving priority to in vivo efficacy 
trials and ADME analysis for A. nilotica polyphenols in breast 
cancer xenografts. In semi-arid areas, collaborative agroforestry 
could alleviate environmental heterogeneity by standardizing 
supply [123]. 
 
CONCLUSION 
Therefore, most potential diseases and health issues can be 
treated by these Acacia species. Antimicrobial, antidiabetic, 
antiarthritic, anti-depression, anti-inflammatory, antioxidant, 
anticancer, and wound-healing properties are all exhibited by 
Acacia species. To determine acceptable therapeutic dosages, 
identify potential organ toxicities associated with the 
polyphenolic and tannin content of Acacia species, and facilitate 
clinical implementation amid expanding traditional use, a 
toxicological study of these species is crucial. Without this, 
issues such as hepatotoxicity at higher doses are not assessed, 
compromising patient safety and regulatory approval. Bioactive 
substances in acacia extracts, such as flavonoids and tannins, 
exhibit both pro-oxidant and antioxidant properties, which may 
lead to oxidative stress or elevated liver and kidney enzymes 
(e.g., ALT/AST) after prolonged exposure. Standardized acute, 
subacute, and chronic investigations are required in accordance 
with OECD rules because variations in plant parts, extraction 
solvents, and adulteration increase the hazards of toxicity. Acute 
toxicity tests of the aqueous extract of Acacia nilotica root in 
mice showed no mortality up to 2000 mg/kg (LD50 >5000 
mg/kg) and no behavioral changes. Despite the prevalence of 
ethnomedicine, there are still gaps in human data, particularly 
for vulnerable populations like pregnant women or individuals 
with liver disorders [124]. The LD50 values are as follows-  
Acacia nilotica: No mortality up to 2000 mg/kg; oral LD50 
>5000 mg/kg in mice (aqueous root extract, acute toxicity per 
OECD 423). 
 Acacia auriculiformis: With no oral dose data available, it is 
categorized as mildly poisonous. In mice, the intraperitoneal 
LD50 (ethanolic leaf extract) was 3741.7 mg/kg.  
Acacia catechu: Cosmetic extracts have minimal tendency to 
cause irritation, but no systemic oral LD50 has been identified. 
To aid the future development of innovative medications, further 
scientific research into the toxicological effects of these Acacia 

species is needed. Identification of active constituents, more in-
depth ex vivo/in situ experiments, and, eventually, clinical trials 
should be conducted on the most promising plant extracts and/or 
pure compounds identified therein.  
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