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ABSTRACT 
Plants have been an outstanding source of medicine for an incredibly long time. They are mentioned in Ayurveda, 
Siddha, and Unani as a fundamental source of bioactive compounds to cure and prevent several human body 
ailments. This review aims to recapitulate diverse medicinal and cosmetic uses, phytochemical constituents, and 
pharmacological actions of F. benghalensis (Banyan tree), one of India’s most sacred medicinal trees. Banyan tree 
extracts have shown antioxidant, antidiabetic, hypolipidemic, anthelmintic, antihyperglycemic, immunomodulatory, 
antihyperlipidemic, hypocholesterolemic, anti-inflammatory, analgesic, antimicrobial, larvicidal, anti-diarrhoeal, 
antimutagenic, hepatoprotective, anti-arthritic, antiallergic, and immunostimulatory effects. All plant parts such as 
leaf, stem bark, aerial root, fruit, bud, and latex are used in the conventional medication system to treat several human 
diseases. This review also highlights the recent commercial applications of F. benghalensis, especially in the field 
of nanotechnology. The patent landscape of said plant has been studied and analyzed in detail, confirming its role in 
medicinal formulations, disease therapy, cosmetics, and agriculture. Overall, the present review provides detailed and 
comprehensive information on phytochemistry, ethnomedical and therapeutic potential, commercial applications, and 
patent filings of one of the prominent species of the genus Ficus.

INTRODUCTION
Herbalism is a prevalent long-established medicinal 

practice worldwide based on the utilization of plant extracts 
(Acharya and Shrivastava, 2008). In different medication systems 
like allopathy, homeopathy, and Ayurveda, plants have been the 
principal source of drugs (Chaudhary et al., 2015). Most of the 

researchers were inclined to allopathic drugs at the beginning of 
the 20th century; however, in the last couple of decades, there 
has been an upsurge in the usage of herbal or plant-derived drugs 
and cosmetics. Around 25% of the drugs have been derived from 
plant parts only (Khaliq and Chaudhary, 2016). An elaborated 
description of several herbs with medicinal uses has been given 
in Ayurveda, Sushruta, and Charaka Samhita (Kīrtikara and Basu, 
1918). The genus Ficus (fig genus) contains around 40 genera 
consisting of 1,400 species of vines, herbs, shrubs, and woody 
trees (collectively known as figs) forming the largest genus of the 
family Moraceae (mulberry family) (Zerega et al., 2005). Some 
species are ornamental, e.g., F. lyrata (fiddle-leaf fig), while some 
are used as edible plants. A few prominent species of the genus 
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Ficus are F. benghalensis, F. auriculata (roxburgh fig), F. religiosa 
(sacred fig), F. carica (edible fig), F. elastic (Rubber fig), and F. 
benjamina (weeping fig). They are found to occur worldwide in 
tropical and subtropical regions. Ficus species are the highest 
oxygen generator plants with the highest rate of photosynthesis. 
They typically contain a latex-like gummy substance in their 
vasculatures that has self-healing properties and play a role in the 
defense upon physical assaults to the plants. 

The common name of F. benghalensis came from the 
Britishers who noticed a specific community called “Baniya” 
that used to have rest in its shade. The banyan tree is the national 
tree of India and is considered sacred and a symbol of spiritual 
knowledge (Gopukumar and Praseetha, 2015). It is native to 
many parts of the Asian continent, i.e., India, Myanmar, Thailand, 
Malaysia, Southeast Asia, and China. It is usually cultivated in 
parks, botanical gardens, and tropical areas throughout the world. 
In developing countries, about 80% of the population relies 
on alternative medicines as a source of primary care (Rupani 
and Chavez, 2018). On the contrary, in developed/industrially 
rich countries, the use of alternative medication is famous as a 
complementary way of care. In India, Afghanistan, Pakistan, 
and other Asian developing countries, the use of complementary 
medication like Sow-Rigpa and Ayurveda along with allopathy is a 
common practice. Such medicine practice uses different therapies 
that employ a complex of plant extracts and herbs (Rupani and 
Chavez, 2018; Verma et al., 2019). The potential effects of these 
extracts include body detoxification, free radical scavenging, cell 
cycle alteration, DNA repair, immune surveillance, autophagy, 
apoptosis mitigation, anti-angiogenic effect, anti-inflammatory 
effect, anti-metastatic activity, and modulation of the signaling 
pathway (Arumugam et al., 2014; Omóbòwálé et al., 2016; Patel 
et al., 2016).

This review presents the economic importance and 
recent developments pertaining to the beneficial aspects of F. 
benghalensis to human health and well-being. Scientific reports 
and patent literature on the medicinal and economic importance of 
various extracts of F. benghalensis have been studied and analyzed 
to bring out its significance as an antimicrobial and antioxidant 
agent and its potential role in various extenuating inflammations 
and diseases like cancer, diabetes, diarrhea, rheumatism, etc. The 
authors have also analyzed the patent literature to learn about the 
other commercial applications of its phytochemicals. This review 
highlights the potential of F. benghalensis in medicine and as a 
promising component for a variety of cosmetic products. 

METHODOLOGY

Literature search
A variety of search engines and databases including 

Google Scholar, Semantic Scholar, Science Direct, Research 
Gate, Scopus, and PUBMED were explored for obtaining various 
scientific findings on medicinal and commercial applications, and 
patent filings of F. benghalensis. The keywords used for potential 
publications search included terms and Boolean operators: (“F. 
benghalensis”) AND (“Chemical compounds” OR “Bioactive 
compounds”) AND/OR (“Traditional uses” OR “Conventional 
applications”), and (“Ficus benghalensis” AND  “Antioxidant”) 
AND/OR (“Anticancer” AND/OR “Antimicrobial” AND/OR 
“Anti-inflammatory”).  For nanotechnological applications, 

(“Ficus benghalensis”)  AND (“Nanoparticle” AND/
OR  “Nanotechnology”)  were used. The comprehensive search 
yielded around 350 publications consisting mainly of research 
papers, review articles, short communications, conference 
proceeding papers, and book chapters. However, only research 
and review articles were considered for the present updated and 
comprehensive review.

Patent landscape
After going through the literature which was focused 

on F. benghalensis, the relevant keywords were shortlisted under 
two broad categories. The first category was related to medicinal 
importance and the second category was commercial usage of the 
plant. After shortlisting the keywords, search strings were made 
which were uploaded onto the search interface of a paid database 
named Thomson innovation. Different Boolean operators were 
used to narrow down the search results. Searches made on the 
databases were restricted to titles, abstracts, and claims. All the 
patent documents from different jurisdictions were analyzed and 
no international classification system code was used for carrying 
out the searches. 

Preliminary screening of patents
After downloading the results, a preliminary analysis 

was carried out to shortlist the most relevant patent documents, 
and the shortlisting was based on analysis made on the titles, 
abstracts, and claims of the patent document. Preliminary analysis 
was important to remove nonrelevant patents focusing on the other 
aspects of the plant. 

Detailed analysis of patents and report preparation
All patents describing any medicinal or commercial 

usage of the plant were shortlisted as relevant and analyzed in 
detail to find out various commercial applications of the plant that 
were listed in Table 4. The bibliographic data of the shortlisted 
patents was used to study the patenting trends, and the key players 
commercializing the preparations made from this plant.

CONVENTIONAL MEDICINAL/ETHNOMEDICINAL 
APPLICATIONS

Typically, different parts (Fig. 1) of  F. benghalensis, 
i.e., leaf, stem bark, root, fruit, latex, and bud are used in medical 
folklore and preparation of Ayurvedic remedies to treat various 
kinds of diseases like liver and spleen enlargement, diabetes, 
dysentery, leprosy, diarrhea, leucorrhoea, lung infections, asthma, 
cough, prills, heart diseases, rheumatism, gonorrhea, seminal 
weakness, and skin disorders like burns, wounds, pimples, sores, 
and ulcers (Patel and Gautam, 2014). Table 1 lists the detailed 
ethnomedicinal uses of various parts of F. benghalensis.

Figure 1. Ficus benghalensis leaves, fruits, aerial roots, and stem bark.
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BIOACTIVE COMPOUNDS/PHYTOCHEMISTRY
Plants are the source of various phytochemicals in the 

form of secondary metabolites, which function as a remedy for 
many human body ailments (Gopukumar and Praseetha, 2015; 
Rahman and Khanom, 2013). By preliminary phytochemical 
investigation, many phytochemical constituents have been 
reported in various parts of F. benghalensis which are responsible 
for its diverse medicinal and pharmacognostic properties. They 
contain terpenes, flavonols, flavonoids, triterpenoids, methyl 
esters, sterols, coumarins, carbohydrates, amino acids, saponins, 
and tannins. Table 2 lists the phytoconstituents of F. benghalensis. 

PHARMACOLOGICAL ACTIONS

Antioxidant (free radical scavenging capacity) potential
Typically, antioxidant activity is the compound’s ability 

to inhibit or delay the oxidation process by free radical scavenging 
and oxidative stress reduction. Oxidative stress generates free 
radicals or reactive oxygen species that are the primary cause of 
inflammation and are found to be associated with the pathology 
of various diseases such as diabetes, cancer, aging, cardiovascular 
disease, and many inflammatory conditions. They react upon 
several bio-molecules and exert damage by removing electrons 
to enter into a stable state, rendering the cell in a condition of 
oxidative stress (Alzohairy, 2016; Kiranmai et al., 2011). 
Consequently, it becomes necessary to neutralize or stabilize these 
radicals for blocking or preventing oxidative stress exacerbation 
by providing an adequate supply of antioxidant compounds 
such as catalase, glutathione, superoxide dismutase, nitric oxide 
dioxygenase, and glutathione peroxidase which complement the 
job of body’s natural antioxidant defenses (Basir and Shailey, 
2012; Gautam et al., 2015). These antioxidant compounds 
prevent multiple diseases by resisting oxidative stress through 
free radical scavenging, lipid peroxidation inhibition, and several 
other mechanisms. Supplementing in everyday diets in the form 
of oils, teas, and infusions is one of the simplest ways to supply 
such compounds to the body, e.g., supplementing natural extracts 

such as those derived from medicinal plants like F. benghalensis. 
Ficus species are a very rich source of natural antioxidants 
and various studies elucidated the outstanding antioxidant 
potential of F. benghalensis. In a study on ethanolic extract of F. 
benghalensis fruit, the maximum scavenging activity against 2, 
2-diphenyl-1-picrylhydrazyl (DPPH) was reported to be 75.74% 
with a concentration at which 50% inhibition (IC50) occurs 
32.20 μg/ml at 60 µg/ml concentration. Against 2, 2-azinobis-
3-ethylbenzothiazoline-6-sulfonate (ABTS), the maximum 
scavenging activity was reported to be 79.57% with IC50 13.69 
μg/ml at a concentration of 30 µg/ml. Radical scavenging 
activity against nitric oxide and hydroxyl ions was found to be 
51.96% with IC50 57.74 μg/ml and 57.02% with IC50 34.37 μg/
ml, respectively, at 60 µg/ml concentration. The maximum 
phosphomolybdenum and Fe3+ reduction were reported to be 
80.48% with a concentration at which 50% recovery (RC50) occurs 
13.78 μg/ml, and 69.19% with RC50 18.71 μg/ml, respectively, at 
60 µg/ml concentration (Tharini et al., 2018). In another study by 
Bhanwase and Alagawadi (2016), five-leaf extracts (hydroalcohol, 
n-butanol, n-hexane, water, and chloroform) were studied using 
DPPH and ABTS assay from concentrations 7.8–1,000 μg/ml. 
Vitamin C and quercetin were taken as reference standards, and 
scavenging activity against DPPH was observed in order Vitamin 
C > quercetin > n-hexane > hydroalcohol > water > chloroform > 
n-butanol with IC50 values 11.5, 15.4, 32.3, 28.2, >1,000, >1,000, 
and 125.0 for Vitamin C, quercetin, n-hexane, hydroalcohol, 
water, chloroform, and n-butanol, respectively. Scavenging 
activity against ABTS was observed in the order of Vitamin 
C > quercetin > hydroalcohol > n-hexane > water > n-butanol 
> chloroform, and IC50 was observed to be 6.40, 7.05, 52, 58.2, 
491, >1,000, and 20.3, respectively. In both cases, hydroalcoholic 
and n-hexane extracts exhibited the strongest activity, whereas 
water, chloroform, and n-butanol extracts exhibited weak activity. 
Another investigation reported maximum scavenging (96.07% 
and 69.23%) against DPPH and hydrogen peroxide (H2O2), 
respectively, at a concentration of 250 µg/ml by aqueous extract of 
root (Gupta and Sharma, 2010). In yet another study, methanolic 

Table 1. Ethnomedicinal applications of different parts of F. benghalensis.

Plant part used Ethnomedicinal application References

Leaf Treats chronic diarrhea, vomiting, nausea, vaginal infections dysentery, 
wounds, abscesses, pimples, and other skin disorders

Gewali and Awale, 2008; Kumar and Bhagat, 2012; Sreeramulu 
et al., 2013

Stem bark

Infusions of the stem bark are used in treating nervous disorders, 
leucorrhoea, diarrhea, asthma, nervous disorders, urinary problems, cold, 
cough, piles, and dysentery.  
The milky sap is used to treat snake bites, gonorrhea, diarrhea, joint 
pain, dermatitis, indigestion, and gum swelling.  
Dried powder is used to cure toothache, diabetes mellitus, and diabetes. 
It increases memory power and acts as a natural immunity booster.

Jabeen et al., 2009; Singh et al., 2013 
Kunwar and Bussmann, 2006  
Jabeen et al., 2009; Ediriweera and Ratnasooriya, 2009

Latex
Latex acts as an aphrodisiac. It treats dysentery, diarrhea, rheumatism, 
heel cracks, maggot wounds, earache, lumbago, tonsils, bleeding piles, 
arthritis, leucorrhoea, and gonorrhea.

Jabeen et al., 2009; Anbarashan et al., 2011; Pareek and Trivedi 
2011; Kumar and Bhagat, 2012; Naik et al., 2012; Gayake et al., 
2013; Parmar and Patel, 2013; Rahman, 2013; Shah et al., 2013; 
Sreeramulu et al., 2013

Aerial roots
Treat jaundice, body and joint pain, leucorrhoea, diarrhea, vomiting, and 
excessive hair fall. Reduce excessive blood flow during menstruation 
and morning sickness in women.

Nambiar et al., 1985; Kunwar and Bussmann, 2006; Patil, 2010; 
Islam et al., 2011; Salave et al., 2011; Kota et al., 2012; Gayake 
et al., 2013; Khan et al., 2013

Buds and fruits Hemorrhage, diarrhea, dysentery, hemoptysis, biliary complications Nambiar et al., 1985; Deraniyagala and Wijesundera, 2002; 
Rahman et al., 2008; Patil and Patil, 2010
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and ethanolic extracts of F. benghalensis root were reported to 
possess significant antioxidant activity with IC50 80.14, 982.93 
and 38.66, 261.24, respectively, against DPPH and ferric reducing 
antioxidant power (FRAP) assay (Verma et al., 2015). Meanwhile, 
the stem bark aqueous extract was reported to have a significant 
inhibition of lipid peroxidation with IC50 80.24 μg/ml compared to 
tetraethoxypropane (Satish et al., 2013). Besides that, methanolic 
latex extract showed potential scavenging activity against DPPH, 
FRAP, and phosphomolybdenum with IC50 28.63, 49.82, and 31.84 
μg/ml, respectively, compared to ascorbic acid and trolox (Yadav 
et al., 2011a, 2011b). Shukla et al. (2004) reported increased levels 
of antioxidant enzymes such as catalase, superoxide dismutase, 
and glutathione peroxidase in hypercholesterolemic rabbits treated 
with stem bark aqueous extract. Similarly, Manian et al. (2008) 
evaluated the antioxidant activity of fruit and stem bark extracts 
through various assays and obtained significant results. Apart 
from these, the seed ethanolic extract was reported to have the 

potential antioxidant capacity with plentiful amounts of secondary 
metabolites like polyphenols (Govindan and Francis, 2015). The 
abundant presence of phenolics, flavonoids, tannins, saponins, 
alkaloids, carbohydrates, fats, and oils reported in F. benghalensis 
is held responsible for its antioxidant capacity (Rao et al., 2014). 

Antimicrobial activity
Many microorganisms like bacteria, fungi, and 

viruses cause various kinds of infections and deadly diseases 
when get entered any biological system. Antimicrobial agents 
are those natural or synthetic substances that kill or inhibit the 
microorganism’s growth. The search for novel antimicrobial 
compounds from plants and various other natural sources has 
increased in recent times since microorganisms, especially 
human pathogens are continuously developing drug resistance. 
Currently, plant-based medicines serve as the first line of defense 
in sustaining human health and fighting against many serious 

Table 2. Phytochemicals present in different parts of F. benghalensis. 

Plant part Phytochemical class Phytochemicals identified References

Leaf

Phenols, flavonols and 
flavonoids 
Leucoanthocyanidins 
Terpenoids/terpenes

Gallic acid, theaflavins, theaflavin-3,30-digallate, catechin, gallocatechin, rutin, 
leucodelphinidin, aflavin-3,3’-diga, genistein, quercetin-3-galactoside 
Leucocyanidins 
Beta-sitosterol, lupeol, beta-amyrin, 20-traxasten-3-ol, 
friedelin, betulinic acid, 3-friedelanol, anthraquinone, taraxosterol, rhein, 
bengalenoside, psoralen, bergapten, benzoic acid

Gopukumar and Praseetha, 
2015; Rao et al., 2014

Stem bark

Phenolics 
Terpenes/terpenoids 
Esters 
Miscellaneous

Tannins, 5,7- dimethylether-leucopelargonidin-3-0-alpha-L-rhamnoside, 
leucopelargonidin-3-O-beta-D-glucopyranoside, 
leucocyanidin-3-O-beta-D-glucopyrancoside 
leucopelargonidin-3-O-alpha-L-rhamnopyranoside,  
Lupeol, lupeol acetate, gluanol acetate, alpha-amyrin acetate, lanostadienylglucosyl 
cetoleate 
Hydroxypentacosanyl palmitate, keto-n-cosanyl stearate, phenyl tetradecanyl 
oleiate 
Pentatriacontan-5-one, 20-tetratriaconthene-2-one, meso-inositol, beta-
sitosterol, beta glucoside, alpha-D-glucose, saponin, leucoanthocyanin, 
leucoanthocyanidin, bengalensisteroic acid acetate, heneicosanyl oleate, meso-
inositol, 6-heptatriacontene-10-one, 5,3-dimethyl ether-leucocyanidin-3-0-alpha-D-
galactosyl cellobioside, pelargonidin, β-sitosterol-α-D-glucose

Naquvi et al., 2015; Murti 
et al, 2011; Joseph and Raj, 
2010; Babu et al., 2010

Aerial root Terpenes/terpenoids  
Miscellaneous

Amyrin acetate, globulol, phytol, friedelanol, lanosterol, lupenyl acetate, lupeol, 
epifriedelanol, cyclolaudenol  
Myristic acid, quinic acid, palmitic acid methyl ester, beta-progesterone, 
heptadecanoic acid, palmitic acid, linoleic acid, linoleoyl chloride, eicosadienoic 
acid, methyl ester, alpha-monostearin, phthalic acid, stearic acid, triacontanol, 
dioctyl ester, dihydrobrassicasterol, cycloartanyl acetate, stigmasterol, sitosterol, 
ergosterol acetate, furostano, protodioscin, 4,22-stigmastadiene-3-one, 
1-heptatriacotanol, benganoic acid, and bengalensinone

Verma et al., 2015

Fruit Proteins 
Miscellaneous

Methionine, arginine, citrulline, cysteine, glutathione, glutamine, tryptophan, 
hydroxyproline  
Hexadecanoic acid, 14,17-octadecadienoic acid, methyl ester, undecanoic acid, 
5,6,-dimethyl, dimethyl ester, 5-decenedioic acid, 5,6- dimethyl, dimethyl ester, 
oxiraneoctanoic acid, 3 octyl, hexadecanoic acid, 14-methyl, heptadecanoic acid, 
16-methyl

Deraniyagala and Wijesundera, 
2002; Tharini et al., 2018

Seed Amino acids and 
polysaccharides

Cysteine, tryptophan, methionine, citrulline, arginine, glutamine, hydroxyproline 
D-glucose, D-fructose, D-arabinose, D-galactose, D-xylose, glutathion, galactose, 
and glucose

Deraniyagala and Wijesundera, 
2002

Seed oil Fatty acids Linolenic acid, oleic acid, vernolic acid, stearic acid, sterculic acid, lauric acid, 
palmitic acid, linoleic acid, myristic acid, sterculic acid, malvalic acid

Hosamani and Pattanashettar, 
2003

Seed Coumarins/
furocoumarins Psoralen, bergapten (5-methoxypsoralen) Ahmad et al., 2011

Heart wood Esters Tiglic acid ester of taraxasterol Ahmad et al., 2011
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diseases for about 80% of the world’s population. A diverse set of 
studies published over time have well estimated the antimicrobial 
potential of F. benghalensis. Its fruit latex was found to possess 
more inhibitory effects than F. elastic fruit latex against Gram-
positive (Streptococcus pyogenes and Staphylococcus aureus) 
and Gram-negative (Escherichia coli PBR322, E. coli each 
from stool and patients suffering urinary tract infection, E. coli 
resistant for ampicillin and tetracycline, Proteus mirabilis, 
Klebsilla pneumonia, Pseudomonas aeruginosa, Seratia spp., and 
Salmonella spp.) bacteria and fungus species like Candida (C. 
albicans, C. cruzii, C. tropicalis, C. sojae, and C. kefyr) (Faisal, 
2017). A study by Afzal et al. (2020) evaluated the antimicrobial 
activity of leaf, root, and fruit against different bacteria and 
reported potent results. The zone of inhibition (ZOI) exhibited 
against S. aureus was reported to be 7.5, 5.4, 6.9, and 8.6 mm; 
against E. coli: 8.5, 9.6, 6.4, and 8.6 mm, against Pseudomonas 
protobacteria: 0.6, 0.4, 1.2, and 0.73 mm, and against Bacillus 
cereus: 0.5 0.6, 0.9, and 0.6 mm by ethanolic, methanolic, and 
aqueous extracts, respectively, in agar disc diffusion method. In 
another study, ethanolic extract from leaves has been reported to 
possess the strongest activity against a fish pathogen Aeromonas 
hydrophila with ZOI 10–12 mm (Tkachenko et al., 2016). In 
yet another study, aqueous and ethanolic extracts of roots were 
found to possess promising antimicrobial activity. The ZOI was 
reported to be 20, 15, and 12 mm for 25 mg/ml; 25, 20, and 18 mm 
for 50 mg/ml and 30, 24, and 22 mm for 75 mg/ml by ethanolic 
extract and 0, 16, and 0 mm for 25 mg/ml; 18, 0, and 0 mm for 50 
mg/ml and 14, 12, and 14 mm for 75 mg/ml by aqueous extract, 
respectively, against S. aureus, E. coli, and K. pneumonia. Thus, 
maximum activity was reported against S. aureus by both extracts 
(Murti and Kumar, 2011). Meanwhile in yet another study, 
methanolic, aqueous, and petroleum ether extracts of fruit were 
compared and ZOI was reported to be 8, 6, and 5 mm for aqueous; 
6, 0, and 0 mm for metanolic; and 5, 5, and 7 mm for petroleum 
ether extracts against E. coli, Salmonella typhi, and Lactobacillus 
acidophilus. Aqueous and ether extract of fruit was found to 
possess positive activity against all three bacteria. Aqueous extract 
possessed the highest inhibition for E. coli and ether extract for 
L. acidophilus. The methanolic extract was most effective against 
E. coli and no response was shown against L. acidophilus and 
S. typhi (Gaherwal, 2013). On the other hand, the antimicrobial 
activity of two compounds, genistein and catechine, isolated 
from methanolic leaf extract was tested using disc diffusion assay 
against different bacteria and fungi at doses level of 100 μg/ml. 
For reference standards, nystatin and streptomycin were used 
at dose levels of 50 and 25 μg/disc, respectively. Antibacterial 
activity was shown by both the compounds in comparison to 
nystatin and streptomycin against P. aeruginosa and B. cereus. 
No anti-fungal activity was reported for Candida lipolytica, 
Aspergillus ochraceus, Acchromyces lipolytica, and Sacchromyces 
cereviseae (Almahy and Alhassan, 2011). Similarly, stem bark 
exhibited remarkable antibacterial activity against S. aureus, K. 
pneumonia, and P. aeruginosa exhibiting 12, 13, and 10 mm ZOI, 
respectively, at 1 mg/ml concentration; and 0.1, 0.08, and 0.04 
mg/ml minimum inhibitory concentration (MIC), respectively, 
against each tested organisms in comparison to standard drugs 
ampicillin, tetracycline, and chloramphenicol which exhibited 
MIC 0.03, 0.026, and 0.013 mg/ml, respectively, (Gayathri and 

Kannabiran, 2009). The bark extracts were found to possess more 
promising activity against enterotoxigenic E. coli isolated from 
diarrheal patients in a comparative study consisting of F. religiosa 
and F. benghalensis. At a concentration of 200 mg/ml, methanolic 
extracts possessed remarkable activity in comparison to aqueous 
and chloroform extracts, whereas hexane and petroleum ether 
extracts possessed zero activity (Uma et al., 2009). Yet another 
study by Aswar et al. (2008) exposed the significant antimicrobial 
potential of methanolic, aqueous, and chloroform extracts of 
underground roots against B. subtilis, P. aeruginosa, S. aureus 
(Gram +ve bacterial strains), K. pneumonia, E. coli, E. coli mutant 
(Gram −ve bacterial strains), and Aspergillus niger, a fungal 
species by cup plate method. Inhibitory activity of aqueous and 
methanolic extracts was observed at a concentration of 0.4 mg/
well against all bacterial and fungal strains. The aqueous extract 
inhibited no bacterial or fungal strain at 0.04 and 0.004 mg/well 
concentration, whereas methanolic extract inhibited all bacterial 
and fungal strains at 0.4 mg/well concentration. At 0.04 mg/
well concentration, inhibitory activity was reported against all 
bacterial strains; however, no activity was observed against fungal 
strains. At 0.004 mg/well concentration, activity was observed 
against all except E. coli, Aspergillus species, and B. subtilis. 
At concentrations 0.4 and 0.04 mg/well, chloroform extract 
inhibited all fungal and bacterial strains; however, no bacterial 
and fungal strains except for E. coli mutants and S. aureus were 
inhibited at concentrations 0.004 mg/well. In further studies, 
aqueous and hexane extracts of aerial roots exhibited sustained 
activity against different bacterial strains at 25, 50, and 75 mg/ml 
concentration, and the strongest activity against S. aureus (Singh 
and Geeta, 2010). Recently, aqueous leaf extract showed to exhibit 
significant activity against isolates of human immunodeficiency 
virus (HIV), HIV-1VB59 and HIV-1UG070 in PM1 and TZM-
bl cell lines (Palshetkar et al., 2020). Thus, it can be concluded 
that F. benghalensis extracts could be potential sources of future 
antimicrobial drugs. However, further investigations are required 
to properly identify the bioactive compounds for comprehensive 
pharmacological studies and developing clinical applications.

Anticancerous/cytotoxic/antimitotic/antitumor/
antiproliferative effect

Cancer is one of the most fatal diseases which badly 
affect the human population causing thousands of deaths 
annually throughout the world (De Flora et al., 2001). Death 
rate has increased many folds since 2000 due to cancer and in 
the year 2020, around 10 million deaths have been reported by 
World Health Organization. Biochemically, any abnormality 
or change in the cell division process that leads to uncontrolled 
cell division resulting in malignancy is cancer (Watson et al., 
2004). Therefore, suppression of such uncontrolled cell division 
becomes crucial in patients with cancer (Lamy et al., 2006). 
Drugs used in chemotherapy for cancer treatment essentially 
work by targeting fast-dividing cells (antiproliferative/antitumor) 
and by inhibiting cell division (antimitotic), hence referred to as 
cytotoxic drugs. Hence, researchers nowadays are searching for 
substances that can be used in preventing cells from dividing. 
Owing to their great medicinal potential, medicinal plants are 
being studied extensively and explored for isolating anticancerous 
drugs to develop more efficient cancer treatment (Raheel et al., 
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2017). Aphale et al. (2018) evaluated the anticancer potential of 
Panchvalkala (a conventional Ayurvedic formulation consisting 
of equal proportions of bark materials from five different plants, 
namely, F. benghalensis, F. glomerata, F. religiosa, Ficus virens, 
and Thespesia populnea) in cervical cancer cell lines using 3-(4, 
5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) 
dye assay. The cells were cultured with different concentrations 
of Panchvalkala and a significant reduction was reported in the 
viability of SiHa (75.2%) and HeLa (75.03%) cells after 24 hours 
at 80 μg/ml concentration of Panchvalkala. Further investigation 
by Aphale et al. (2021) reported the anticancer mechanism of 
Panchvalkala in cervical cancer cell lines as well as in mouse 
papilloma models. This study showed Panchvalkala induced 
programmed cell death/apoptosis and increased generic caspases 
expression in cervical cancer cells. The membrane potential of 
mitochondrion was reported to be reduced by Panchvalkala in 
both SiHa and HeLa cells in a dose-dependent manner which led 
to membrane depolarization resulting in apoptosis. Further, an 
increased expression of p53 and pRb, tumor suppressor proteins 
have also been reported at all doses in both SiHa and HeLa. At 
40 μg/ml concentration of Panchvalkala, pRb, and p53 expression 
was increased by 1.63 and 2.38 folds, respectively,O in SiHa as 
compared to the control. On the contrary, phospho Rb expression 
was decreased by 2.40 folds. Furthermore, Panchvalkala affected 
the expression of human papillomavirus oncoproteins, E6 and E7. 
At 80 μg/ml, expression of E6 and E7 was decreased by 3.19 and 
2.32 folds, respectively, in SiHa when compared to the control. 
On the other hand, at 80 μg/ml dose in HeLa, expression of E6 and 
E7 was decreased by 5.81 and 2.62 folds, respectively, compared 
to the control. Thus, mice treated with Panchvalkala showed a 
significant reduction in tumor growth as compared to the untreated 
group. Meanwhile, in yet another study, hydroalcoholic extract of 
F. benghalensis bark was reported to possess higher cytotoxicity 
against adenocarcinomic human alveolar basal epithelial cells 
(A549) with IC50 193.78 mg/ml and significantly lesser cytotoxicity 
to Chinese hamster ovary with IC50 193.78 mg/ml (Khanal and 
Patil, 2020). Ethanolic extract of aerial roots exhibited anticancer 
activity on breast cancer (MDA-MB-231), lung cancer (A549), 
and cervical cancer (Hela) cell lines with IC50 97.89, 17.81, and 
49.27 µg/ml, respectively (Saloni and Sakthivel, 2019). Ethanol 
and ethyl acetate extracts of latex were found to exhibit promising 
antiproliferative activity against cell lines including peripheral 
blood lymphocytes, neuroblastoma, colorectal, and human breast 
cells. Ethanol extract has shown potent dose-dependent cytotoxic 
activity against human neuroblastoma cells (IMR 32) and human 
colorectal carcinoma (HCT 116) with IC50 123.27 and 99.82 µg/
ml, respectively, whereas ethyl acetate extract has shown potent 
activity against human breast adenocarcinoma (MDA MB 231) 
with IC50 75.66 µg/ml colorectal (Tulasi et al., 2018a, 2018b). 
Another similar study reported the potent cytotoxic activity of 
ethanolic extract of latex against human breast cancer cell lines 
MCF-7 with IC50 101.55 µg/ml (Tulasi et al., 2018a, 2018b). 
An investigation conducted on combined leaf extract of F. 
benghalensis and F. religiosa showed that with an increase in the 
concentration of combined leaf extract of both the plants, cell 
viability decreased i.e., only 50% of the cells remained viable at 
100 µg/ml concentration (Kumaresan et al., 2018). F. glomerata 

has also been investigated for its antimitotic and antiproliferative 
activity. The strongest antimitotic activity with a mitotic index 
of 28% and antiproliferative activity with only 8% viable cells 
were reported with an n-butanol fraction of stem bark methanolic 
extract at 4 mg/ml concentration using Allium cepa root tip and 
yeast cell models for antimitotic and antiproliferative activity, 
respectively (Raheel et al., 2017).

Antimutagenic activity 
Apart from causing carcinogenesis and genotoxicity, 

mutagens are also involved in chronic inflammation, aging and 
inception and pathogenesis of numerous diseases including 
cardiovascular disorders, arthritis, diabetes, and hepatic disorders. 
By consuming natural antimutagens, the detrimental effects 
of such mutagens can be minimized. Natural antimutagens 
which include plant metabolites such as phenolics, flavonoids, 
carotenoids, coumarins, anthraquinones, tannins, and saponins 
are found in medicinal plants and are of meticulous importance 
in disease prevention. F. benghalensis exhibits a potential 
antimutagenic effect that has been elucidated by different studies. 
Aqueous heat-treated stem bark extract possessed significantly 
higher antimutagenic activity (as evaluated through Ame’s 
test) with IC50 70.24 μg/ml on Salmonella typhimurium TA100 
strains in comparison to heat-treated root extract of Mongifera 
aleifera (IC50 value 99.20 μg/ml) against sodium azide (Satish 
et al., 2013). Meanwhile, methanolic stem bark extract exhibited 
excellent antimutagenic effect inhibiting micronucleus formation 
and chromosomal aberrations against cyclophosphamide-induced 
genotoxicity in Swiss-albino rat models through micronucleus 
assay and chromosomal aberration assay (Sharma et al., 2012).

Antihyperglycemic/antidiabetic activity 
Diabetes mellitus is a kind of chronic endocrine 

disorder that is associated with high blood glucose level (BGL) 
(hyperglycemia), occurring either from insufficiency of insulin 
secretion, or its action, or both. It is a heterogeneous group of 
diseases that are characterized by defective metabolism of glucose, 
proteins, and fats affecting millions of people worldwide. The 
commonly occurring symptoms are polyurea (increased urine 
production), polyphagia (excessive eating), polydipsia (excessive 
thirst), and fatigue, weight loss (Otunola and Afolayan, 2019). It 
continues to be the most prevalent healthcare problem throughout 
the world and is estimated to increase from the present 382 to 471 
million by the year 2035 (Bi et al., 2017; Ogurtsova et al., 2017). 
Various treatments such as insulin, diet, and pharmacological 
therapies which work via a variety of mechanisms in managing 
diabetes are currently being employed (Otunola and Afolayan, 
2019). Despite the substantial progress in diabetes management 
through the use of various drugs and management strategies, 
diabetes continues to be a major medical challenge. Almost all the 
synthetic oral hypoglycemic drugs used for treating the disease 
have disadvantages including serious side effects, drug resistance, 
toxicity, and cost (Haque et al., 2010; Kumari et al., 2013). The use 
of herbal plants has an extensive folkloric history for treating blood 
sugar abnormalities. Ethanolic extract of fruit, bark, and aerial roots 
of F. benghalensis were investigated in alloxan-induced diabetic 
rat models. Varying intensities of hyperglycemia were produced 
in rat models by giving different doses of alloxan and a significant 
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reduction of 31.73%, 18.33%, and 28.84% in BGLs was reported, 
respectively, through administration of fruit, aerial root, and bark 
ethanolic extracts compared to standard drug glibenclamide that 
reduced BGL by 34.4%. Thus, it was clearly revealed that fruit 
extract is a more potent antidiabetic agent than aerial root or 
bark (Sharma et al., 2010). Meanwhile, bark extract was reported 
to reduce the BGLs in streptozotocin (STZ)-induced diabetic 
rats by stimulating insulin secretions from beta cells of Islets of 
Langerhans. Reduction in BGLs was 48.61%, 61.66%, and 68.24% 
at dose levels of 150, 300, and 500 mg/kg, respectively, in STZ-
induced rats as compared to glibenclamide-induced rats at a dose 
level of 0.5 mg/kg on 15th day (Kasireddy et al., 2021). Similarly, 
hydroalcoholic bark extract normalized lipid, renal, and hepatic 
profiles and reduced BGL by 29.26%, after 21 days of treatment 
in Alloxan-induced diabetic rats at dose levels of 120 mg/kg (Saifi 
et al., 2014). Meanwhile, anti-diabetic activity against alloxan-
induced rat models was investigated by Ahmed et al. (2011) and 
a significant reduction in BGLs was reported with inhibited alpha-
glucosidase and sucrose exhibiting IC50 77.0 μg/ml and IC50 141.0 
μg/ml, respectively. Another study on stem bark by Gayathri and 
Kannabiran (2009) under the same experimental conditions reported 
similar results. Leucopelargonin, a compound reported in stem bark 
extract of F. benghalensis, held responsible for insulin production 
from beta cells and thereby regulating BGLs and hence regulating 
diabetes within 5 hours of oral administration compared to standard 
drug tolbutamide (Fig. 2A and B). Leucopelargonin-stimulated 
beta cells of Islets of Langerhans from STZ-induced diabetic rats 
to increase insulin production (Fig. 2A). Glucose enters the beta cell 
through glucose transporters and generates adenosine triphosphate 
(ATP) through a chain of processes. Augmented ATP/adenosine 
diphosphate ratio leads to the shutting down of the ATP-sensitive 
K+ channels in the cell membrane which results in extracellular Ca2+ 
influx and activates exocytosis of insulin granules (Fig. 2B).

Similarly, Pelargonidin 3-O-alpha-L rhamnoside, a 
flavonoid isolated from stem bark was reported to exhibit positive 
activity and reduced BGLs by 19% while improved glucose 
tolerance by 29% as compared to 25% and 66% respectively 
by glibenclamide. Moreover, insulin secretion by beta-cells was 
reported to be higher in pelargonidin derivative presence (Cherian 
et al., 1992). Meanwhile, Achrekar et al. (1991) and Khanal 
and Patil (2021) investigated bark activity against STZ-induced 
rats and results revealed enhanced glycolysis, glucose uptake, 
insulin secretions, and decreased gluconeogenesis. Another 
study by Singh et al. (2009) investigated aerial roots in normal 
and diabetic rat models and compared it with the standard drug 
Glipizide at 300 mg/kg dose level using glucose tolerance tests 
and fasting blood glucose studies. Results showed 40.7%, 54.8%, 
and 51.7% improvement in glucose tolerance of normal, semi, and 
mild-diabetic animals 3 hours post-exposure during the glucose 
tolerance test. Furthermore, fall reported in BGL at the most 
effective dose, i.e., 300 mg/kg, was found to be higher compared to 
Glipizide (2.5 mg/kg) in sub-diabetic, and almost similar in mild-
diabetic rats. Glycemic elements Ca2+ and Mg have been reported 
in higher amounts (0.85% and 1.02%) in the most effective dosage 
by laser-induced breakdown spectroscopy technique. Ca2+ initiates 
insulin gene expression via calcium-responsive element-binding 
protein which ultimately results in insulin exocytosis. Mg has 
also been reported to be associated with diabetes management 

in past studies by Feng et al. (2020). BGLs have been found 
reported to fall in other groups of animals when the same doses 
of elemental Ca2+ and Mg were given, and further biochemical 
and pharmacological studies are in progress to explicate the 
action mechanism of the extracts in detail at a molecular level. 
Meanwhile, an alpha-glucosidase inhibitor that inhibits the aldose 
reductase enzyme was reported in F. benghalensis by an in-
silico study. This enzyme is reported to be involved in glucose 
metabolism pathways that control diabetes. Three flavonoids, 
namely kaempferol, 3,4’,5,7-tetrahydroxy-3’-methoxy flavones, 
and apigenin found to exhibit high affinity toward aldose 
reductase and were predicted to be involved in the modulation 
of proteins via p53 signaling pathway (Khanal and Patil, 2019). 
Apart from these, ethanolic leaf extract reportedly reduced the 
cholesterol, triglycerides, and glucose levels in alloxan-induced 
diabetic albino rats (Saraswathi et al., 2013). Similarly, decreased 
levels of low-density and very low-density lipoprotein cholesterol 
by 60%, serum cholesterol by 59%, and triacylglycerol by 54% 
were reported in hypercholesterolemic rabbits upon treatment 
with bark aqueous extract. It further decreased lipid peroxidation 
as indicated by decreased TBARs with a consequent improvement 
in glutathione content in the blood (Shukla et al., 2004).

Antihyperlipidemic and hypocholesterolemic activity 
Stem bark aqueous extract at a dose level of 50 mg/

kg p.o. decreased the levels of low-density and very low-density 

Figure 2. (A) Antidiabetic effect of leucopelargonin in STZ-induced diabetic 
rats. (B) Key mechanisms involved in glucose-induced insulin secretion.
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cholesterol, serum cholesterol, and triacylglycerol by 60%, 
59%, and 54% and increased the levels of glutathione reductase, 
catalase, superoxide dismutase, and glutathione peroxidase by 
22%, 30%, 36%, and 90%, respectively in hypercholesterolemic 
rabbits (Shukla et al., 2004). A similar study on bark aqueous 
extract in hypercholesterolemic rabbits under similar experimental 
conditions reported increased high-density lipoprotein cholesterol 
to 30.6 mg% and decreased triacylglycerol to 89 mg% (25.6 and 
188 mg%, respectively, in control), and 48% decrease in total 
cholesterol levels after 4 weeks of treatment (Shukla et al., 1995a, 
1995b). Meanwhile, alloxan-induced sub-diabetic and diabetic 
rabbits were studied again under similar experimental conditions 
and decreased low-density lipoprotein, total cholesterol, and 
triglyceride levels from 34 to 16, 82 to 42.7, and 121 to 45 mg%, 
respectively, in sub diabetic and from 95 to 29, 118 to 51.7, and 
416 to 81 mg%, respectively, in diabetic rabbits were reported 
(Shukla et al., 1995a, 1995b).  

Anti-inflammatory activity
Inflammation plays a role as a defense mechanism 

against any harmful stimuli such as injury, irradiation, toxic 
compounds, and pathogens, thus initiating the healing process 
(Chen et al., 2018; Dai and Medzhitov, 2017). Fatty acid 
glucoside isolated from ethanolic leaf extract was found to exhibit 
significant anti-inflammatory activity against lipopolysaccharide-
stimulated RAW 264.7 macrophages. It inhibited the activity of 
cyclooxygenases (enzymes which contribute to fever, pain, and 
inflammation), whereas increased the release and activity of nitric 
oxide and inducible nitric oxide synthase (enzymes that give 
anti-inflammatory responses). Furthermore, it directly binds to 
epidermal growth factor receptor with a high affinity as proposed 
by molecular docking studies suggesting it to be an inhibitor for 
the same that further inhibits the downstream phosphoinositide-3 
kinase/Akt signaling cascade to reduce inflammation further 
(Alaaeldin et al., 2022). Meanwhile, methanolic leaf extract was 
reported to reduce paw edema by 65.21% at 200 mg/kg p.o. dose 
level as compared to diclofenac sodium reduced it by 62.31% 
in rat models with formalin-induced paw edema (Kothapalli 
et al., 2014). Similar studies on methanolic leaf extract against 
carrageenan-induced hind paw edema reported a significant 
reduction in paw edema at 10–100 mg/kg p.o. as compared to 
aspirin (Mahajan et al., 2012). On the other hand, aqueous extract 
of aerial root showed significant activity in a dose-dependent 
manner against carrageenan-induced paw edema, and cotton-
pellet-induced granuloma in rats at 100–200 mg/kg p.o. dose 
levels (Deore et al., 2012). Meanwhile, ethanolic bark extract 
inhibited carrageenan-induced hind paw edema by 31.50%, 
56.16%, and 69.86% at dose levels 50, 100, and 200 mg/kg, 
respectively, as compared to diclofenac sodium which inhibited 
by 72.60% at 5 mg/kg in rat models (Wanjari et al., 2011). Further, 
aqueous and methanolic bark extracts possessed effective activity 
against paw edema, cotton-pellet-induced granuloma, and acetic 
acid-induced vascular permeability by significantly preventing 
marker enzymes such as aspartate transaminase (AST), alanine 
transaminase (ALT), and alkaline phosphatase (ALP) in serum 
forming malondialdehyde in edematous tissue. They also reduced 
myeloperoxidase levels considerably (Thakare et al., 2010). In 
the meantime, another study compared stem barks of young and 

matured plants of F. benghalensis using cotton pellet-induced 
granuloma for chronic inflammation and carrageenan-induced 
hind paw edema for acute inflammation in rats. Ethanolic, 
chloroform, and petroleum ether extracts were studied and results 
were compared to indomethacin. At 300 and 600 mg/kg/day p.o. 
dose levels, extract of ethanolic bark of younger plants reduced 
paw edema by 37.64% and 69.04%, whereas mature plant extract 
reduced it by 55.03% and 65.54%, respectively, in the carrageenan-
induced paw edema model. Younger plant ethanolic extract caused 
19.27% and 39.03% reduction, whereas mature plant bark extract 
caused 14.12% and 34.25% reduction, respectively, in the cotton 
pellet granuloma model. Thus, the younger plant was concluded 
to possess relatively more activity than the mature plant. No 
activity was exhibited by chloroform and petroleum ether extracts 
(Patil and Patil 2010). Similarly, ethanolic extract reduced paw 
edema volume by 55.03% and 65.54%, whereas petroleum ether 
extract reduced it by 0.4.73% and 7.43% at 300 and 600 mg/
kg, respectively, after 3 hours of treatment (Patil et al., 2009). 
Meanwhile, another study reported significant activity at 100–500 
mg/kg p.o. dose levels against carrageenan-induced paw edema in 
rats (Navanath et al., 2009). 

Immunomodulatory activity
Medicinal plants contain a rich amount of substances 

responsible for immunity induction. Any substance of 
biological or synthetic origin that helps stimulate, suppress, or 
modulate any aspect of the adaptive or innate immune system 
is known as an immunomodulator, and the mechanism is called 
immunomodulatory activity (Kumar et al., 2012). Naturally 
derived immunomodulators are generally categorized as high- 
and low-molecular-weight compounds. More specifically, 
classified literature shows that compounds responsible for 
immunomodulation are phenolics, carbohydrates, steroids, 
coumarins, terpenes, proteins, amino acids, alkaloids, 
glycoproteins, and other nitrogen-containing compounds. Different 
studies indicated the enormous immunomodulatory potential of F. 
benghalensis. Aqueous extract of panchvalkala at 100, 200 mg/kg 
b.w. dose levels increased thymus and spleen indices and induced 
splenocyte proliferation. Its in-vitro upregulated T-helper1 (Th1) 
(InterLeukin-2) cytokine levels are responsible for the activation 
of cytotoxic lymphocytes and promotion of activated T cells’ 
differentiation and proliferation and thereby enhanced killing 
effect of T-cells that further play an important role against tumors 
and viruses. The mouse papilloma model modulated the immune 
response by retarding tumor growth by shifting Th2 toward Th1 
response (Aphale et al., 2021). The potential immunomodulatory 
activity was also reported from leaf hydroethanolic extract and 
its fractions using the Nitroblue tetrazolium test, candidacidal 
assay, and phagocytosis of killed C. albicans, which significantly 
stimulated phagocytic action of neutrophils. n-butanol and 
n-hexane fractions showed the highest activity with 89.66% and 
80.33% stimulation in the phagocytic activity, respectively. Both 
of these fractions also showed the highest percentage (35.33% 
and 36.33%, respectively) of killed C. albicans at 1,000 mg/
ml (Bhanwase and Alagawadi, 2016). Meanwhile, ethanol leaf 
extract was reported to enhance the growth of human peripheral 
blood mononuclear cells in a study conducted by Crossia et al. 
(2016). Tabassum et al. (2014) studied an aqueous extract of aerial 
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root using hypersensitivity and hemagglutination reactions and 
hypersensitivity assays and reported increased hypersensitivity 
reactions and antibody titers producing a maximum response at 50 
mg/kg b.w. Similarly, the immunostimulatory potential of growing 
aerial roots was studied for the first time by Sridevi et al. (2009). 
Remarkably increased percentage phagocytosis and phagocytic 
index by water and ethanolic extracts indicated higher phagocytic 
efficacy of polymorph nuclear cells due to more engulfment of 
Candida cells in comparison to control. In-vivo studies showed 
increased hypersensitivity reactions to antigen-sheep red blood 
cell antigen (SRBC) at 200 and 300 mg/kg dose levels. Other in-
vitro and in-vivo studies on methanolic extract showed a significant 
increase in phagocytic index percentage as reported by Gabhe 
et al. (2006). Methanolic extract showed significant phagocytic 
activity (53%, 49%, and 46% at dose levels of 0.5, 1.0, and 2.0 
mg/ml, respectively) as compared to control (31%), whereas 
aqueous extract showed 55% activity at 1.0 mg/ml compared to 
control (32%). This signifies that the phagocytic efficacy of the 
cells is enhanced by extracts as they cause more engulfment of 
the Candida cells versus control, and thereby stimulate a non-
specific immune response. In-vivo studies indicated increased 
hypersensitivity reaction and antibody titer value to the SRBC 
antigen at dose levels of 100 and 200 mg/kg. Meanwhile, another 
study on methanolic root extract showed a significant increase 
in plaque-forming cells, increased circulating antibody titer, 
increased levels of lymphocytes and rosettes formation, and 
hematological parameters at dose levels of 100–300 mg/kg b.w. 
(Anarthe et al., 2016). 

Wound healing potential 
Wound healing is a process that occurs naturally after 

any kind of skin damage for proper repair and restoration of 
tissue’s normal function (Murti et al., 2011). An inflammatory 
response occurs following an injury, and the cells underneath the 
dermis start increased collagen production further regenerating 
epithelial tissue. Therefore, wound healing is a complex process 
typically consisting of three stages: inflammation, proliferation, 
and remodeling. Since ancient times, F. benghalensis has been 
used in wound healing (Gonzalez et al., 2016). The petroleum 
ether extract formulation of F. benghalensis leaves was found to 
be more potent and showed 100% wound healing in 21 days of 
the epithelization period in comparison to ethanol and aqueous 
extracts which took 25 and 28 days respectively in complete 
healing compared to standard nitrofurazone (marketed) which 
took 20 days (close to petroleum ether extract) for complete wound 
healing in albino rat models inflicted with excision wounds (Imran 
et al., 2021). Meanwhile, ethanolic and hydroalcoholic bark 
extracts showed complete wound healing activity in 17.19 and 
18.37 days in excision wound models compared to the standard 
drug Soframycin (Raisagar et al., 2019). Similarly, various stages 
of wound healing through different wound models in rats were 
assessed using an aqueous extract of leaf and increased breaking 
strength due to increased collagen protein content, wound 
contraction, and hexosamine content were reported in rats’ 
incision, excision, and dead space wound models, respectively. 
The breaking strength was reported to be 439.55 and 526.72 g 
in oral and topical doses respectively as compared to 628.38 g 
of povidone-iodine, whereas total protein content was reported 

to be 9,397.97, 14,014.14, and 16,861.61 mg in oral, topical and 
povidone–iodine in incision model. The wound area on day 12 
was reported to be 252.83, 196, and 60.5 mm² in oral, topical, and 
povidone-iodine excision models. A further wet and dry weight 
of granulation tissue was reported to be 178.5, 47.43, 104.1, 
35, and 85, 16.16 in oral, topical, and povidone-iodine in dead 
space models (Chaudhary et al., 2014). A similar study reported 
the wound healing capacity of aqueous and ethanolic extracts 
of roots by the same experimental models in rats. The breaking 
strength of wounds was increased from 305.20 in normal control 
to 502.30 in aqueous and 455.80 in ethanol extract as compared 
to standard povidone iodine 429.70 in the incision model. In the 
excision model, aqueous and ethanolic extracts showed 100% 
and 94.83% wound contraction in 13.33 and 14.17 days, which 
was better than povidone-iodine which showed 92. 80% wound 
contraction in 16.00 days. The aqueous and ethanolic extracts, 
and standard povidone iodine showed 515.80, 97.33 mg/g, and 
56.49 mg/ml; 479.00, 86.83 mg/g, and 45.08 mg/ml; and 351.80, 
80.67 mg/g, and 40.80 mg/ml of granulation breaking strength, 
dry granulation weight, and hydroxyproline content respectively 
in dead space model in Wistar albino rats (Murti et al., 2011). 
Meanwhile, a similar study on bark aqueous and ethanolic extracts 
showed a significant reduction in the wound area and period of 
epithelialization in the excision wound model where ethanolic 
and aqueous extracts showed complete healing in 17.16 and 18.33 
days respectively compared with control where complete healing 
occurred in 21.50 days. In the incision model, ethanolic and 
aqueous extracts showed significantly increased-breaking strength 
compared with a standard drug placebo (Garg and Paliwal, 2011). 

Hepatoprotective
The liver is a crucial organ that regulates metabolic 

activities, storage, secretions, and body detoxification (Kumar 
et al., 2019). So, to ensure the proper functioning of the body, 
it is very important to protect it from different toxic substances 
acquired via contaminated food, water, synthetic medicines/drugs, 
and other factors. The hepatoprotective activity of ethanolic fruit 
extract was evaluated against acetaminophen, carbon tetrachloride 
(CCl4), and erythromycin-induced hepatotoxicity in goat liver, 
and effective results were obtained which could be attributed to its 
ability of free radical scavenging or restoring catalase (antioxidant 
enzyme) of the liver, compared to the standard drug, Silymarin 
(Karmakar et al., 2020). A similar in-vivo study on ethanolic fruit 
extract at a dose of 500 mg/kg p.o. against perchloromethane-
induced hepatotoxicity in New Zealand albino rat models reported 
a significant reduction in otherwise elevated levels of liver 
biomarkers such as AST, ALT, and ALP, total serum bilirubin, 
and malondialdehyde upon fruit extract administration. This lipid-
protective action can be attributed to the potential reduction of lipid 
peroxides by antioxidants like coumarins present in fruit extract 
(Ahad et al., 2021). Similarly, bark has also demonstrated promising 
activity against paracetamol and CCl4-induced hepatotoxicity 
models by significantly reducing levels of serum ALP, serum 
glutamate oxaloacetate transaminase (SGOT), serum glutamate 
pyruvate transaminase (SGPT), and bilirubin (Baheti and Goyal, 
2013). Meanwhile, Shinde et al. (2012) reported elevated levels 
of AST, ALT, and ALP, and decreased levels of total proteins and 
albumins against ethanol and CCl4-induced hepatotoxicity in rats 
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by ethanolic leaf extract. Similarly, methanolic extract of aerial 
roots was reported to prevent the isoniazid-rifampicin-induced 
increase in the levels of serum marker enzymes and thiobarbituric 
acid reactive substances (TBARS) (a marker for oxidative 
stress) in the liver in experimental rats when orally administered. 
Furthermore, significantly increased total protein content and 
reduced glutathione levels were reported in treatment groups 
(Parameswari et al., 2012). Orally administered latex to albino 
rat models having paracetamol and CCI4-induced hepatotoxicity 
showed improved liver functions with significantly improved total 
protein levels, reduced SGPT, SGOT, ALP, and bilirubin levels 
(Chandrasekaran et al., 2012). Leucopelargonin derivative isolated 
from stem bark also showed promising results against carbon 
tetrachloride-induced hepatotoxicity in rats. Decreased levels of 
total cholesterol, low and high-density lipoproteins, triglycerides, 
biomarker enzymes like AST, ALT, and ALP in the liver and serum 
was reported. Hydroxymethylglutaryl-coenzyme-A reductase, 
glucose 6- phosphate dehydrogenase activities have also reduced, 
whereas the concentration of antioxidant enzymes in the liver was 
increased (Augusti et al., 2005).  

Antihelminthic activity
Helminthes or parasitic worms affect a large portion 

of the population worldwide by causing different kinds of 
infections. For centuries, such parasites have been a big concern 
in the medical field, as they are prevalent infectious agents of 
multiple human diseases such as malnutrition, eosinophilia, 
pneumonia, and anemia in developing countries (Ambujakshi 
and Shyamnanda, 2009). Direct ingestion or penetration through 
the skin could be the probable reason for human infection. Hosts 
get deprived of food and consequently suffer blood loss, organ 
damage, and lymphatic obstruction which ultimately lead to 
death in many cases. Antihelminthic drugs kill or abolish the 
infesting helminth from the host body. During the past couple of 
decades, even though significant advancement has been made in 
understanding the transmission and treatment of these parasites, 
no efficient products could still be developed to gain complete 
control. Cases of resistance have also been reported to the 
indiscriminate use of certain drugs (Deore and Khadabadi, 2010). 
Modern synthetic medication system has proved to be effective 
in treating parasitic diseases but also leaves multiple side effects 
such as fever, nausea, dizziness, severe allergies, and headache. 
Crude drugs are comparatively less efficient than synthetic 
drugs in curing diseases but typically cause no side effects. In 
traditional medication systems, many plants are known to possess 
anthelmintic activity (Ghosh et al., 2011; Ravindra et al., 2008; 
Spiegler et al., 2017). Alcoholic and aqueous leaf extracts of F. 
benghalensis were investigated for their anthelmintic activity 
against the Indian earthworm Pheretima posthuma. Time taken for 
paralyzing and killing the earthworm was observed using different 
concentrations (25, 50, and 100 mg/ml) of each extract, 25 mg/ml 
concentration of Albendazole, and normal saline as control. Both 
extracts have been found to exhibit significant dose-dependent 
anthelmintic activity when compared to standard. The alcoholic 
extract exhibited the most potent activity by taking 2.12 minutes to 
paralyze and 7.34 minutes to kill earthworms at a concentration of 
100 mg/ml compared to Albendazole, which took 2.36 minutes to 
paralyze and 6.42 minutes to kill earthworms at a concentration 25 

mg/ml. Aqueous extract showed little lesser activity by taking 3.92 
minutes for paralysis and 13.72 minutes for death at 100 mg/ml. On 
the contrary, no paralysis or death occurred in the control groups 
during the given period (Bhardwaj et al., 2012). Tuse et al. (2011), 
investigated methanolic extract of aerial roots using the above 
approach of paralyzing or killing Indian earthworms at 10, 20, and 
50 mg/ml, and a dose-dependent activity was reported. Meanwhile, 
another study investigated the comparative anthelmintic activity of 
latex of F. religiosa, F. elastica, and F. benghalensis, and reported 
potent activity by F. benghalensis latex extract, which took 10.2 
and 13.4 minutes for paralysis and 26.3 and 30.1 to completely 
kill the earthworm at 250 and 500 μl/ml dose levels, respectively. 
At the same time, the standard drug Metronidazole took 5 and 
13.2 minutes, respectively, to paralyze and kill the earthworm at 
a dose level of 10 mg/ml (Hari et al., 2011). Yet another study 
compared aqueous extracts of F. benghalensis, F. religiosa, and F. 
carica fruits where F. benghalensis was found to be most potent 
killing all the test organisms within an hour of exposure (Sawarkar 
et al., 2010). Similarly, Aswar et al. (2008) investigated aqueous, 
methanolic, chloroform, and petroleum ether root extracts which 
took 3.44, 3.02, 3.71, and 4.03 minutes to paralyze and 4.34, 4.36, 
4.91, and 6.18 minutes to kill the earthworm, respectively, at 20 
mg/ml. On the other hand, Albendazole, the standard drug took 
2.68 and 5.29 minutes to paralyze and kill respectively.

Antiarthritic activity 
Herbal emulgel of F. benghalensis ethanolic aerial root 

extract showed antiarthritic activity compared to the standard drug 
diclofenac emulgel through the in-vitro release method (Sonali 
et al., 2021). In another study, maximum inhibition of protein 
denaturation and membrane stabilization of aqueous stem bark 
extract at a dose of 1,000 µg/ml was reported to be 45.31 and 
62.50, respectively, while that of methotrexate was reported to be 
87.50 and 81.25 at 100 µg/ml dose respectively in a study by Joshi 
et al. (2021). Meanwhile, aqueous and methanolic extract protein 
denaturation activity was found to be 83.80, whereas diclofenac 
sodium possessed 91.45 in the egg albumin method. On the contrary, 
the extract had 75.77, and diclofenac sodium possessed 90.60 in 
the bovine serum method at 400 μl/ml (Rajalakshmi and Tamilarasi 
2019). On the other hand, ethanolic and aqueous extracts of aerial 
roots against complete Freund’s adjuvant-induced arthritis model 
in Wistar rats revealed a significant decrease in paw swelling with 
the highest percentage inhibition of 63.64% by ethanolic extract 
as compared to water extract which showed 31.82% inhibition 
at dose levels of 300 mg/kg b.w. p.o. Results were compared 
to the standard drug Indomethacin (Bhardwaj et al., 2016). The 
antiarthritic activity of stem bark methanolic extract was reported 
to be slightly more effective than that of diclofenac sodium and 
lesser than that of methotrexate and dexamethasone at 400 mg/kg/
day p.o. against formalin and complete Freund’s adjuvant-induced 
arthritis in rats (Thite et al., 2014).

Antidiarrhoeal activity
Diarrhea ranges from mild to severe illness, a significant 

cause of malnutrition among children especially in developing 
countries. It causes about 4–5 million deaths annually across 
the world. Many plants including F. benghalensis possess the 
antidiarrheal activity and so act as a beneficial remedy for 
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alleviating human suffering. Mahalakshmi et al. (2014) evaluated 
methanolic leaf extract against castor oil-induced diarrhea in Swiss 
albino mice and reported a significant reduction in the number of 
stools compared to control in a dose-dependent manner. On the 
other hand, a dose-dependent decrease in diarrhea was reported in 
Wistar albino rats in a study conducted on ethanolic bark extract 
in various experimental models, viz., gastrointestinal motility 
test, castor oil-induced diarrhea, Prostaglandin E2 (PGE2)-induced 
enteropooling. The extract showed a significant decrease in fecal 
output and dropping frequencies compared to the castor oil-treated 
rats, especially at 400 and 600 mg/kg doses. Considerable reduction 
in the charcoal meal propulsion and inhibition of PGE2-induced 
enteropooling was also reported (Patil et al., 2012). Similarly, 
the antidiarrheal activity of ethanolic aerial root extract at 400 
mg/kg was evaluated against castor oil-induced diarrhea; PGE2-
induced enter pooling, and gastrointestinal motility in charcoal 
meal test in albino rat models using standard anti-diarrhoeal agent 
diphenoxylate and atropine. Mean defecations per animal in 4 
hours were reported to be 1.37 and 2.21. On the contrary, the mean 
number of wet feces per animal was 0.0 and 1.96 in rats treated 
with diphenoxylate and plant extract, respectively, in castor oil-
induced diarrhea. The antimuscarinic drug atropine and plant 
extract also decreased propulsive movement of the intestine in the 
charcoal meal treated models, which was reported to be 34.2 and 
50.2, respectively. Similarly, PGE2-induced exteropooling was 
also inhibited by plant extract, which was reported to be 2.97 and 
1.25 ml in PGE2 alone and PGE2 plus plant extract, respectively 
(Mukherjee et al., 1998). 

Antistress and antiallergic potential
“Stress is an emotional and physical tension that causes 

psychological and physiological disturbance when one’s emotions 
are challenged or when a certain demand in life is not fulfilled” 
(Murugesu et al., 2021). In the current era of a competing and 
demanding world, increased depression and even suicides are 
reported in individuals having stressful lives. Stress and intolerance 
have become very common, especially in youth. Physiological and 
psychological effects from natural sources like herbal medicines 
and yoga are much more helpful in treating such issues compared 
to modern synthetic drugs. Many scientific studies reveal the 
potential antistress and antiallergic activity of F. benghalensis 
(Jahagirdar et al., 2020; Khaliq, 2017; Vignesh et al., 2019). 
Ethanol, aqueous, and ethyl acetate extracts of stem bark showed 
potent antistress and antiallergic activity against milk-induced 
asthma in mice, which is mediated by decreasing eosinophils 
and leucocyte count. Conversely, no activity was reported from 
petroleum ether and chloroform extracts (Taur et al., 2007a, 
2007b). Another study investigated methanolic extract of fruit at 
dose levels 125, 250, and 500 mg/kg b.w. using different tests, viz., 
swimming endurance, anoxia stress tolerance, and immobilization 
stress on Wistar albino rats and Swiss albino mice models. A 
remarkable dose-dependent antistress activity of fruit extract was 
reported; thus, it is considered as an adaptogenic agent in stress 
management (Jahagirdar et al., 2020). During stress, brain cells 
release a neurotransmitter, namely acetylcholine. Methanolic bark 
extract was studied for acetylcholinesterase inhibitory activity 
with an IC50 228.3 μg/ml against neuroblastoma cell lines, namely 
SHSY5Y (Vignesh et al., 2019). Flavonoids, rutin, and quercetin 

isolated from F. benghalensis leaf exhibited significant antistress 
activity, probably due to inhibition of monoamine oxidase-A 
and B, thereby increasing monoamines levels in tail suspension 
test, by preventing desensitization of central components of 
hypothalamic-pituitary-adrenal and non-specifically increased 
resistance in acetic acid-induced writhing test, by modulating 
receptors for gamma amino butyric acid and acting as an antagonist 
for N-methyl D-aspartate receptor in pentylenetetrazol-induced 
convulsions. The results were comparable to the standard drug 
diazepam (Lotankar et al., 2016).

Analgesic activity
An analgesic is any drug/substance used to achieve 

analgesia, i.e., relief from pain. Methanolic leaf extract showed 
potential analgesic activity in acetic acid-induced writhing and 
Eddy’s hot plate methods in rat models at dose levels of 100 and 
200 mg/kg b.w. compared to potent drugs aspirin and diclofenac 
sodium (Mahajan et al., 2012). Meanwhile, a similar study on 
methanolic leaf extract reported significant activity at dose levels 
200 mg/kg p.o., using Eddy’s hot plate method in rat models 
compared to Diclofenac sodium at 10 mg/kg p.o. (Kothapalli 
et al., 2014). Similarly, aqueous and ethanolic leaf extract at 
dose levels of 200 mg/kg, i.p. have shown effective analgesic 
activity compared to aspirin (Yadav et al., 2011a, 2011b). In yet 
another study, ethanolic bark extract showed 26.61%, 41.93%, 
and 61.28% whereas aqueous extract showed 40.72%, 52.02%, 
and 69.75% inhibition of writhing at dose levels of 100, 200, and 
400 mg/kg p.o., respectively, compared to aspirin, which showed 
75% inhibition (Garg and Paliwal, 2014). Methanol, ethanol, 
chloroform, and petroleum ether extracts of stem bark exhibited 
significant analgesic activity in acetic acid-induced writhing, hot 
plate method, and tail immersion tests compared to potent drugs 
like diclofenac sodium, aspirin, and pentazocine as reported by 
Thakare et al. (2010) and Chavan et al. (2015a, 2015b). Significant 
writhings were reported at 200 mg/kg b.w. against root extract by 
Panday and Rauniar (2016).

Anticoagulant activity 
The process of obstructing blood clotting or thrombus 

formation, thereby preventing blood clotting is anticoagulant 
activity. Antithrombotic drugs are not satisfactory these days 
and often result in vascular relapses. Thus, there is a need to 
develop bioactive anticoagulant and antithrombotic drugs that 
are novel, more effective, and less toxic. Hence, research on 
developing anticoagulant drugs from herbal medicinal plants 
is encouraged. Investigation of methanolic leaf extract showed 
significant activity in human plasma with a prothrombin time of 
21.7 seconds compared to the control (13.3 seconds). Activated 
partial thromboplastin time was reported to be 67.3 seconds 
compared to the control, which was 43.3 seconds. Therefore, 
delayed prothrombin and activated partial thromboplastin times 
were reported compared to the control (Ambreen et al., 2019).

Antinociceptive effect 
The stem bark extract showed significant antinociceptive 

activity in Swiss albino mice at 100, 200, and 400 mg/kg p.o. in 
tail-flick and formalin tests. A remarkable increase in the time 
elapsed till the tail flicking from the thermal stimuli, i.e., extended 
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duration of pain response, and a decrease in the licking response 
duration was reported with tested doses. Dose and duration-
dependent results obtained were compared to morphine (Rajdev 
et al., 2018). Meanwhile, another study reported significant 
inhibition of clonidine-induced dose-dependent catalepsy in mice 
by one of the fractions of bark aqueous extract (Taur and Patil, 
2009). Apart from this, ethanol and ethyl acetate extracts of stem 
bark at dose levels of 50 mg/kg p.o. were studied using tail-flick, 
hot-plate latency, allodynia, and acetic acid writhing tests in 
mice. Significantly increased pain threshold and decreased serum 
glucose levels, writher counts, and weight and thickness of the 
hind paw were reported (Varija et al., 2011).

Anticataleptic activity 
Catalepsy is a medical condition characterized by 

unconsciousness or loss of sensation accompanied by body 
rigidity. Aqueous and ethyl acetate bark extracts showed potent 
anticataleptic activity in cataleptic mice injected with clonidine 
and haloperidol (1 mg/kg). Extracts were given at a dose of 50 mg/
kg, i.p., each, and the results were compared to the standard drug 
pheniramine maleate. Aqueous extract showed potent inhibitory 
activity for clonidine-induced catalepsy, followed by ethyl acetate 
extract, which is mediated by histamine release from the mast cells 
of mice. Polar constituents in these solvents are held responsible 
for the antihistaminic activity. Haloperidol-induced catalepsy was 
inhibited by none of the extracts (Taur et al., 2007a, 2007b). 

Larvicidal activity
The larvicidal activity of leaf methanolic extract was 

evaluated against early second, third, and fourth instar larvae 
of three vector mosquitoes, Culex quinquefasciatus, Anopheles 
stephensi, and Aedes aegypti. 50% lethal concentration (LC50) was 
reported to be 41.43, 60.44, and 56.54 ppm against early second; 
58.21, 76.41, and 70.29 ppm against third; and 74.32, 89.55, and 
80.85 ppm against fourth instar larvae of C. quinquefasciatus, A. 
stephensi, and A. aegypti, respectively, at dose levels between 
25 and 200 ppm (Govindarajan, 2010). On the other hand, 
methanolic leaf extract exhibited the highest efficacy with LC50 
and 90% lethal concentration of 100.88, 159.76 ppm, and 56.66, 
85.84 ppm, respectively, against early third instar larvae of Culex 
tritaeniorhynchus and Anopheles subpictus (Govindarajan et al., 
2011).

Antipyretic activity
The antipyretic activity of ethanol, water, and 

chloroform leaf extracts at dose levels of 200 mg/kg b.w. i.p. 
was evaluated against Brewer’s yeast-induced pyrexia in rats. 
Water and chloroform extracts significantly reduced elevated 
body temperatures, whereas ethanol extract showed no activity. 
The results were compared to aspirin at 100 mg/kg (Yadav et al., 
2011a, 2011b). Another study against yeast-induced hyperthermia 
in rat models using ethanolic and aqueous extracts of bark showed 
significant activity at all doses compared to the standard drug 
paracetamol (Garg and Paliwal, 2014). 

TOXICITY STUDIES
Toxicological screening is crucial in the drug 

development process, be it the development of a new drug or 

expanding the existing ones. According to the norms of the Food 
and Drug Administration, United States, screening any new 
molecule is crucial for its potential therapeutic action and toxicity 
potential by means of animal models. Plants have metabolites that 
may have antagonistic or synergistic behavior; a few may lead 
to anaphylactic shock, have serious intoxications, or some may 
result in hypersensitivity reactions. Consequently, assessing the 
toxic and adverse effects of plant extracts and phytoconstituents 
isolated which are to be used for humans becomes crucial (Renata-
Maria, 2019). During the toxicity studies, the aerial root extract 
showed no toxicity up to 5,000 mg/kg and was considered safe. 
Another study reported extract dose levels of up to 3,000 mg/kg 
b.w. safe in Wister albino rats (Renata-Maria, 2019). Similarly, no 
mortality or any other abnormal functionality was caused in motor 
activities, muscular weakness, feeding behavior, and fecal output 
in albino mice models up to 2,000 mg/kg by 50% ethanolic leaf 
extract (Bhardwaj et al., 2016). A number of other studies further 
supported these results. 

RECENT NANOTECHNOLOGICAL APPLICATIONS 
The field of nanotechnology is enormous and expanding 

due to its potential applicability in a variety of areas such as 
medicine and drug development, engineering, chemistry, and 
cosmetics. Nanoparticles (NPs) typically display new or improved 
properties than their original counterparts depending upon their 
morphology, size, and distribution. Recently, researchers and 
scientists have been piqued by nanotechnology due to its crucial 
mechanisms of cellular-level penetration and targeted delivery of 
the compound of interest (Lee et al., 2019). The metals (e.g., Ag, 
Au, Cu, Zn, Se, Mg, and Pt) and metal oxides (e.g., Ag2O, TiO2, 
and ZnO) nanomaterials have immense therapeutic benefits in the 
medical fields and these have also been employed in drug delivery 
applications, biosensors, and diagnostic imaging (Katas et al., 
2018; Yaqoob et al., 2020). However, green synthesis is preferred 
over chemical synthesis because of its cost-effectiveness, short 
production time, and environmentally safe nature. Therefore, 
plant extracts and microorganisms such as fungi and bacteria are 
extensively used as reducing and capping agents for synthesizing 
NPs. Primary and secondary metabolites such as lipids, proteins, 
amino acids, saponins, tannins, phenolics, and flavonoids 
present in plants themselves act as reducing agents. Moreover, 
NP synthesis using plant extracts is more straightforward and 
advantageous than microbial synthesis, which involves a tedious 
and time-consuming process of culturing and maintaining the 
cell. Thus, such methods are significantly more environmental 
friendly and produce waste that is more biodegradable than usual 
techniques exhibiting contrary effects. Extracts from different 
plants, including F. benghalensis, have been used in synthesizing 
metallic NPs such as silver, gold, copper, zinc, selenium, and 
zirconium, which can be used directly. These NPs possess more 
effective properties and are required in a scanty amount than their 
bulk counterparts for producing the same effect (Saxena et al., 
2012). NPs from F. benghalensis have been used in applications 
such as dealing against oral and other pathogens, mouthwash 
preparations, cancer treatment, etc. A detailed study of NPs 
synthesized using F. benghalensis extracts to date is described in 
Table 3. It is noteworthy here that all the studies consisting of NP 
synthesis are Indian.
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Table 3. Various NPs synthesized using different parts of F. benghalensis and their applications.

S. no. NP type Plant part used Application Reference

1. Iron oxide NPs (Fe3O4, NPs) Leaf

Synthesized novel 3,4-dihydropyrimidin-2(1H)-ones from 
Fe3O4NPs were used against human liver cancer cell line Hep-G2 
together with anti-angiogenesis studies and effective results were 
obtained 

Gurav et al., 2022

2. Zinc oxide and copper oxide NPs 
(ZnONPs and CuONPs) Leaf High-performance super capacitance Yadav et al., 2022

3. Fluorescent green carbon quantum 
dots Latex

Used as a fluorescent probe for sensitive and selective detection 
of tyrosine in milk samples upto 0.13 μM and in the fabrication of 
Schottky barrier diode on indium-doped tin oxide (ITO) substrate

Yadav et al., 2021

4. Silver NPs (Ag NPs) Not specified Antimicrobial activity Thirumagal et al., 2021

5. Copper and Selenium NPs (Cu and 
Se NPs) Bark Antibacterial activity Sowbarania and 

Lakshmi, 2021

6. Silver NPs (Ag NPs) Leaf Ag2ONPs mouth-wash possessed antimicrobial activity against oral 
pathogens, thus can be used in preventing microbial film formation Rangeela et al., 2021

7. Silver NPs (Ag NPs) Not specified Potent antimicrobial activity, hence can be used in treating oral 
infectious diseases Jayaraman et al., 2021

8. Selenium NPs (Se NPs) Leaf Photocatalytic dye degradation of methylene blue Tripathi et al., 2020

9.
Iron oxide, Cerium oxide, and zinc 
oxide NPs (Fe3O4, CeO2, and ZnO 
NPs)

Leaf - Lagashetty et al., 2020

10. Titanium dioxide NPs (TiO2NPs) Non specified
Antimicrobial and antibiofilm activity against Citrobacter freundii, 
Streptococcus mutans, and C. albicans.

Antifogging activity and potential mosquito larvicidal activity
Achudhan et al., 2020

11. Silver NPs (Ag NPs) Leaf
Potent antimicrobial activity against multi-drug resistant pathogens 
and strongly resistant against the growth of biofilm forming P. 
mirabilis.

Maniraj et al., 2019

12. Silver NPs (Ag NPs) Aerial root Inhibition of growth of L. donovani in-vitro following infection with 
the parasite Ismail et al., 2019

13. Silver NPs (Ag NPs) - Dose-dependent induction of TGF-alpha production in L929 cell 
lines; promoted tissue repairing activity Hinaz et al., 2019

14. Magnesium oxide NPs (MgO NPs) Leaf
Strongly inhibit in vitro L. donovani growth following parasitic 
infection.

Antimicrobial and anticancer activities
Esmael et al., 2020

15. Sulfur NPs Leaf
Medicine (cancer therapy), agriculture

(pesticides and fungicides), and catalytic applications
Tripathi et al., 2018a, 
2018b

16. Zirconia NPs (ZrO2 NPs) Leaf Photocatalytic activity under UV light irradiation which helps in 
degradation of pollutants like methylene blue and methylene orange Shinde et al., 2018

17. Copper NPs (Cu NPs) Leaf Antibacterial activity Ijjatdar et al., 2018

18. Silver NPs (Ag NPs) Aerial roots Antibacterial activity against dental pathogens; thus can be used in 
toothpastes as a germicidal agent 

Manikandan et al., 
2017

19. Silver NPs (Ag NPs) Leaf Insecticidal activity towards Helicoverpa armigera larvae by 
inhibition of midgut proteases Saware et al., 2014

20. Silver NPs (Ag NPs) Bark Antimicrobial activity Kavitha and 
Thirumurugan, 2017

21. Silver NPs (Ag NPs) Leaf Antibacterial activity Sudhakar et al., 2017

22. Silver NPs (Ag NPs) Not specified
Antimicrobial, antioxidant, and agricultural applications—enhanced 
seed germination growth of Pisum sativum, Cicer arietinum, and 
Vigna radiate

Nayagam et al., 2016

23. Silver NPs (Ag2O NPs) Bark
Potent anticancer activity against osteosarcoma cell lines

Antibacterial activity 
Nayak et al., 2016

24. Zinc Oxide NPs (ZnO NPs)
Leaf, root, aerial 
root, stem bark, 
fruit

- Shekhawat et al., 2015

Continued
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PATENT LANDSCAPE ON F. BENGHALENSIS 

Patents filed in different areas
A comprehensive study on patent analysis and a 

keyword-based search on the Thomson Innovation database gave 
316 patent results. A title, abstract, and claim-based screening 
of the patent documents resulted in 38 relevant patent results 
where the utility of  F. benghalensis  plant parts or extracts for 
any commercial application was claimed in the applications 
like treating diabetes, denture stomatitis, neurological disorders, 
obesity, vaginal infections, asthma, cough, skin care, udder sore, 
male-infertility, hair fall, aging, animal skin disorders, bloating, 
baldness, hair growth and blackening, antioxidative stress, 
pesticidal, anti-inflammatory, anti-arthritic, anti-mastitis, vegan 
cheese, fuel supplement, insect repellent, plant growth promoter, 
antioxidant, aphrodisiac, and mono and bimetallic NPs synthesis. 
Though many medicinal properties have been reported in the 
literature, there are negligible commercial products available 
in the market that employs any part/extract of  F. benghalensis; 
thus,  very few companies have filed patents for any medicinal 
product from the same.

Skin care
One of the most distinguishing commercial applications 

of F. benghalensis is in improving the esthetic appearance 
of aging skin. Its phytochemicals are used in a topical cream 
that manifests itself by decreasing one or more of the facial 
lines, wrinkles, or sagging skin when applied externally. 
Different extracts have good antioxidant and anti-oxidizing 
properties which are used in external preparation for the skin 
(Millikin et al., 2008; Tani et al., 2009). Its phytochemicals 
increase collagen expression and fibroblasts and keratinocytes 
proliferation, and reduce collagenase expression (Ayusawa 
et al., 2008). F. benghalensis ethanolic extract (plant part not 
specified) provides a safe and inexpensive collagen production 
promoter that exhibits excellent skin aging-preventing and 
improving effects by promoting collagen biosynthesis in 
fibroblasts (Ayusawa et al., 2008). The extraction is carried out 
by a mixture of a solvent comprising a polar organic solvent and 
water, for 1–8 hours at a temperature of 30°C–90°C, in which the 
polar organic solvent ethanol is present in an amount of 40% by 
volume (Ptchelintsev, 2010). Furthermore, the phytochemicals 
ameliorate the damage caused to the skin by ultraviolet light, 
thereby maintaining the state of youthful skin (Ayusawa et al., 
2007). They also have known for alleviating skin damage due to 
heavy metal or fine dust. Phytochemicals have an excellent effect 
of adsorbing heavy metal and fine dust, an excellent effect on 
the prevention of collagen biosynthesis inhibition due to the fine 

dust, and an effect of inhibiting hyaluronic acid decomposition 
(Kim et al., 2017), as listed in Table 4. 

Hair care
Compounds from aerial root help in increasing 

hair growth and decreasing hair loss. F. benghalensis extract 
when exposed to hair follicles increases the viability of hair 
follicles (Nookaraju, 2014).  The method involves fractionating 
aqueous extract of an aerial root tip, with n-hexane to obtain an 
n-hexane fraction and a first residue, which was subjected to a 
dichloromethane extraction to get the dichloromethane fraction and 
a second residue, later this residue was subjected to ethyl acetate 
extraction to get ethyl acetate fraction and a third residue, this was 
subjected to a methanol extraction to obtain a methanol fraction 
and a fourth residue, this was finally subjected to water extraction 
to obtain a water fraction (Bhavale, 2018). Phytochemicals from 
F. benghalensis are known to promote melanin production from 
melanocytes and to prevent gray hair (Hashimoto et al., 2010), as 
listed in Table 4.

Another contrasting application is in removing hairs 
to decrease hair growth or increase hair loss over the skin of 
the face, arms, chest, back, legs, etc. A sub-fraction from an 
aerial root portion is obtained by preparing aerial root tip crude 
extract followed by extracting the crude extract using n-Hexane, 
and later partitioning the first extract with chloroform using 
chromatography. From the sub-fraction, an unsaturated fatty 
acid, linoleic acid is isolated which is used to decrease hair 
growth and/or increase hair loss (Armani et al., 2011), as listed 
in Table 4.

Management of metabolic disorders and diseases
F. benghalensis methanolic extract showed the 

highest amylase inhibition activity, whereas aqueous extract 
inhibited glucose uptake which is good to control diabetes and 
obesity. Moreover, its potential for inhibiting lipase enzymes 
could make it a candidate drug molecule to cure obesity (Khan 
et al., 2019). F. benghalensis extract is used in a composition 
that not only effectively heals normal wounds but diabetes 
mellitus-associated wounds as well (Kushwah and Prasad, 
2019; Majumder and Beveenahalli, 2020). It is also claimed 
for the management of denture stomatitis. Its extracts have an 
anticandidal effect on acrylic denture base resin (Philip et al., 
2020). They are well known for the therapeutic and prophylactic 
management of neurological disorders including epilepsy and 
other seizure-related neurological disorders and associated 
conditions (Jayantibhai, 2016; Singh, 2017). Their effectiveness 
in the treatment of vulvovaginal candidiasis (Maurya, 2021), 
asthma (Patel, 2020), anti-inflammatory and anti-arthritic 

S. no. NP type Plant part used Application Reference

25. Gold NPs (Au NPs) Aerial root Catalytic reduction for sodium borohydride of 4-nitrophenol to 
4-aminophenol Rakhi et al., 2013

26. Gold NPs (Au NPs) Leaf Antibacterial activity Francis et al., 2014

27. Silver NPs (Ag2O NPs) Leaf Antibacterial activity Saxena et al., 2012

28. Silver NPs (Ag2O NPs) Leaf Potent antimicrobial activity, so can be utilized in burn/wound 
dressings and fabrication of antibacterial finishing and textiles Ravindra et al., 2010
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(Sarojini, 2017), cough, antitussive, throat soothing (Sharma, 
2018), mastitis (Omvati et al., 2017), male infertility (Kumar 
et al., 2018a, 2018b), bloat (Vankar ,2014), oxidative stress 
(Masahiro et al., 2010), aphrodisiac (Pushpangadan et al., 
2006) is also claimed in different patent applications as listed 
in Table 4.

Animal care
In the case of animals, the F. benghalensis extracts have 

been claimed to be effective in treating animal skin disorders like 
warts, sore teats (Christopher, 2015), and udder sores (Natarajan, 
2012). Studies also reported treatment of puerperal fever, caked 
bag and milk, chronic dermatitis, etc., by different extracts as 
listed in Table 4.

Agricultural application
F. benghalensis extracts in composition have been 

claimed to have an insect repellant (Singh, 2016) and pesticidal 
effect (Jokhu, 2013). Its different parts have also been claimed 
to be enhancing the growth and yield of other cultivated plants 
(Somabhai, 2013).

Miscellaneous applications
Other miscellaneous applications include the use of plant-

derived oils when combined in a defined ratio to our conventional 
fuels viz. petrol and diesel resulting in the depletion of harmful 
gases during engine combustion. The addition of such oils can 
reduce the use of sulfur significantly in fuels, thereby protecting 
the environment from harmful pollutants (Sandeep and Surjan, 
2016). Further, there are claims of the use of F. benghalensis 
extracts in metallic NPs synthesis (Murali et al., 2006), as listed 
in Table 4.

Key players in the cosmetics industry
B & C LAB Inc. is a company providing health-related 

services and is based in Osaka, Japan. This company has filed three 
patents claiming the use of F. benghalensis in cosmetic preparations 
has an antiaging effect. CCI Corporation is another Japan-based 
company mainly in engineering products. This company has 
filed a patent claiming the use of F. benghalensis extracts as an 
antioxidant stress agent in a composition. Styling Life Holding Inc. 
is a Tokyo, Japan-based company claiming a cosmetic preparation 
of the plant for hair blackening. Avon Products, Inc. or Avon, is 
an American British multinational cosmetics, skincare, fragrance, 
and personal care company, based in London that claims the F. 
benghalensis use in antiaging compositions. Same way, Coreana 
is a Korean cosmetic company that has claimed its application in 
skin care, as shown in Figure 3.

Country data
Data on countries show that only six countries have filed 

patents using F. benghalensis and except India, no other country is 
claiming its medicinal applications in the form of a patent. Further, 
the data shows India as the leading country filing patents on its use 
in medicinal, cosmetics, and other herbal preparations. The US 
followed by Japan and Europe are other countries filing patents on 
cosmetic applications only. Important to note here is that except 
India no other country is claiming the medicinal properties of F. 
benghalensis, as shown in Figure 4. Other global players are only 

Figure 3. Companies and research institutes active in patenting various 
applications of F. benghalensis.

Figure 4. Bar chart showing the number of patents filed by respective countries.

Figure 5. Patenting activities heat map of F. benghalensis globally.

Figure 6. Year wise filing trend of patents on F. benghalensis.
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focusing on cosmetic applications. Figure 5 is showing a heat map 
of countries involved in the patent filing. 

Patent filing trend
Year-wise filing trend shows that patent filing on F. 

benghalensis started in 2013 and peaked by 2018, and not many 
patents are filed showing poor interest of researchers at a global 
level in exploring the plant for various medicinal and cosmetic 
applications (Fig. 6). Legal status analysis of the patents on F. 
benghalensis indicates that 15 patents have been granted and 
another 19 are under examination which shows the moderate 
interest of the commercial organization in this particular plant.

CONCLUSION AND FUTURE PROSPECTS
It is a well-known fact that phytochemicals are the non-

nutritive, naturally occurring compounds present in plants that as 
ages have shown significant potential in controlling, preventing, 
and treating human diseases. In past times, F. benghalensis has 
gained a lot of attention for its enormous pharmacological potential 
contributed by an abundant amount of phyto-compounds present 
in it. Besides the presence of common phenolics, flavonoids, 
coumarins, terpenes, fatty acids, leucoanthocyanin, etc., 
distinctive compounds such as bengalenoside and benganoic acid 
have also been reported from F. benghalensis. The present study 
confirmed its enormous applications in terms of anti-inflammatory, 
antidiabetic, antimicrobial, antioxidant, anticancerous, anti-
stress, antiproliferative, analgesic, antidiarrheal, larvicidal, etc. 
activities that form a scientific platform of its use in the traditional 
medication system. Moreover, tremendous potential in terms of 
nanotechnological applications against different pathogens has 
also been explored. A study on patent literature has shown patents 
that have been filed in different areas to claim the usage of this 
plant in skin care, hair care, management of metabolic disorders 
and diseases, animal care, and a few agricultural applications. 
However, the effectiveness of this plant in several other areas is 
yet to be scientifically explored.

Due to the side effects of chemically synthesized 
drugs/cosmetic ingredients, and the emerging antibiotic-resistant 
pathogenic bacteria, the world is looking towards natural sources 
of bioactive compounds that can replace chemically synthesized 
drugs. In such a scenario, plants play vital role due to their 
immense and diverse pharmacological benefits owing to their 
easily available phytochemicals with a good shelf life and few 
side effects. Phytochemicals can be a promising alternative to 
antibiotics and can help reduce the usage of antibiotics. There are 
conclusive evidence that phytomedicines are a potential source of 
antimicrobial agents for future use; therefore, the characterization 
of different phytochemicals is vital to hunt for novel compounds 
having antimicrobial potential. Thus, there is a need for more 
research in optimizing the processes for the isolation and 
characterization of these phytochemicals on a commercial scale. 
Besides this, further studies using animal models should be 
conducted to analyze the further potential of the compounds, 
thereby increasing the likelihood of the most optimal use of 
compounds of interest. 

On the whole, the current compilation of phyto-
constituents with their respective pharmacological potential will 
be beneficial in providing the perspective information on the 

existing data and pharmacological aspects that might be required 
for further experimental value addition to this plant and to fill the 
research gap. However, further extensive studies are required to be 
done in the future to completely explore its potential.
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