
Karanjin: a potential furanoflavonoid for neuroprotection

Charles Gnanaraj . Mogana Govendan . Ching-Yee Loo . Yoong Soon Yong .

Mahendran Sekar . Che Norma Mat Taib . Shamala Devi Subramaniam .

Muhammad Dawood Shah . Wing-Hin Lee

Received: 25 September 2023 / Accepted: 23 January 2024

� The Author(s), under exclusive licence to Springer Nature B.V. 2024

Abstract Phytochemicals are widely known for the

pharmacological effects in treating various human

conditions and in recent years, new compounds are

being discovered with substantial health benefits.

Karanjin is a furanoflavonoid mainly isolated from

Millettia pinnata L., emerging in the field of pharma-

cology and exerting potential therapeutic values in

pre-clinical studies. The review aims to highlight the

potential of karanjin as a neuroprotective agent with

the significance of modulating the underlying molec-

ular mechanistic pathways. Common neurodegenera-

tive diseases reported globally include Alzheimer’s

disease, Parkinson’s disease, Huntington’s disease,

and amyotrophic lateral sclerosis. The main problem

in the treatment of neurodegenerative diseases is the

effect of the prescribed drugs for the underlying

conditions is only momentary whereby a permanent

solution is unavailable. Bioactive compounds under

the class of flavonoids have largely been acknowl-

edged for neuroprotection in pre-clinical studies and

partial clinical trials through various mechanism of

action such as modulation of NF-kB pathway, inhibi-

tion of oxidative stress, modulation of PI3K/Akt, and

more. Molecular docking results of karanjin have

proven the potential against Alzheimer’s and Parkin-

son’s disease through modulation of molecular targets

adenosine A2A receptor, a-synuclein, catechol-O-

methyltransferase, monoamine oxidase B, angiotensin

converting enzyme, b-site APP cleaving enzyme,

glycogen synthase kinase-3, TNF-a converting

enzyme, and acetylcholinesterase involved in the
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disease progression, compared to commercial stan-

dard drugs. The review emphasizes the optimization

method for the isolation of karanjin and the various

impending mechanistic effects of karanjin in modu-

lating neurodegenerative diseases.

Keywords Parkinson’s disease � Alzheimer’s

disease � Furanoflavonoid � Karanjin �
Neurodegenerative disease

Introduction

Studies on phytochemicals have gained huge interest

among researchers in the past decade. Plant derived

bioactive compounds have been a reliable source of

drug to treat human conditions and many such

compounds and their derivatives were successfully

commercialized into prescribed medicine (Nasim

et al. 2022). Bioactive compounds received much

attention in the field of medicinal chemistry and

pharmacology since the compounds exerted therapeu-

tic ability for multiple conditions but shown very

minimal or no adverse effects. In fact, a single

bioactive compound could possess numerous thera-

peutic values, which can be applied through different

modes of administration and formulation (Riaz et al.

2023). Flavonoids are a large group of bioactive

compounds in plants that are known for medicinal

properties against human ailments. The class of

compounds is mainly present in leaves, stem, seeds,

fruits, flowers, and roots of plants either in the free

form or in the form of flavonoid glycosides (Ekuadzi

et al. 2013). The immense therapeutic values of

flavonoids have brought into consideration of devel-

oping synthetic drugs to mimic the structure and

electron donating efficacy of the compounds.

Karanjin (IUPAC: 3-methoxy-2-phenylfuro[2,3-

h]chromen-4-one; C18H12O4) is a furanoflavonoid

(Fig. 1) majorly isolated from the karanja tree species

M. pinnata also known as Pongamia pinnata L. Pierre

belonging to the family Fabaceae. The karanja tree is

widely distributed in Asian countries such as Sri

Lanka, Malaysia, Philippines, Burma, and especially

in the southern region of India where it has a long

history of traditional use. Each part of the tree were

traditionally used as crude drug for wound healing and

also reportedly possess medicinal effects for skin

diseases, ulcers, piles, rheumatism, scabies, and many

more (Sharma et al. 2020). Different parts of the tree

such as the seeds, leaves, flower, roots, and bark were

reported to possess different pharmacological effects

(Sajid et al. 2012). The flower extract of P. pinnata has

anti-hyperglycemic properties, its leaves are used for

rheumatic pain and its roots are effective for gonorrhea

(Akanksha and Maurya 2010). The alcoholic extract of

the seed oil has significant anti-bacterial and anti-

hyperglycemic properties. The seeds from P. pinnata

has been utilised for its natural bioactive compounds

as it contains about 33 to 36% essential oil and 20 to

28% protein (Belide et al. 2010). Karanjin was also

reported to be majorly present in the seeds or legumes

of several other plants belonging to the family

Fabaceae such as Millettia pulchra Benth. Kurz,

Fordia cauliflora Hemsl., Tephrosia purpurea L.,

Millettia pachycarpa Benth., Desmodium sequax

Wall., and Lonchocarpus latifolious Willd (Kumar

and Gehlot 2012; Fan et al. 2013; Singh et al.

2016, 2021; Zhang et al. 2020). Karanja seed oil was

primarily used as biofuel and biopesticide in rural

areas. Research shows that karanja oil has significant

larvicidal and insecticidal activities, relating to its

conventional use (Al Muqarrabun et al. 2013). The

highest yield of karanjin (approximately 20%) was

reported from the seeds of P. pinnata whereas the

lowest yield was from the fruits of Millettia leucantha

Kurz. at an insignificant value (Phrutivorapongkul

et al. 2003; Vismaya et al. 2010; Sriphana et al. 2018).

Accumulation of karanjin in the legumes or seeds can

be related to the metabolism and survival of the trees

whereby the legumes and seeds are prone to microbial

infection or attack by herbivores. Bioactive com-

pounds are commonly biosynthesized by plants as a

protective mechanism to survive biotic and abiotic

Fig. 1 The chemical structure of Karanjin, a furanoflavonoid
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stress (Zabalza et al. 2017). The presence of bioactive

compounds like karanjin in a mangrove tree species

like P. pinnata is justifiable as the tree requires

adaption to rough environmental conditions and salt

water for instance. The tree is also reported to be

growing at various climates from arid to cold, and

geographical locations from low to high altitudes

(Katekhaye et al. 2012b; Kesari et al. 2013). More-

over, the use of karanja oil as a biopesticide explains

the natural role of the furanoflavonol in preventing the

attack of insects and herbivores on the seeds of P.

pinnata. Karanjin isolated from the seed oil of P.

pinnata was also reported as a biopesticide, attributing

to the insecticidal and larvicidal effects of karanja oil

(Al Muqarrabun et al. 2013; Raghav et al. 2019). The

pharmacological reports on karanjin states that it

possesses anti-diabetic, anti-cancer, anti-tumor, anti-

inflammatory, and anti-Alzheimer’s activities (Gna-

naraj et al. 2022).

Neuron cells function to transmit information

within the nervous system. Hippocampus region of

the brain contains densely packed neuron cells which

is important for memory and learning. Progressive

degeneration of the neuron cells is commonly charac-

terized as neurodegenerative disease implicated by

various underlying reasons such as inheritance,

trauma, and environmental factors. Neurodegenera-

tive disease is an umbrella term collectively used for

non-communicable neurological disorders (Anand

and Dhikav 2012). The devastating diseases can

impair a person’s physical movement, critical think-

ing, cognitive function, mental orientation, speech,

memory, and motor skills (Bak and Chandran 2012).

Among the most common neurodegenerative diseases

are Alzheimer’s disease, Parkinson’s disease, Hunt-

ington’s disease, and amyotrophic lateral sclerosis

(ALS). Recent statistics by the United Nations shows

the number of patients with dementia have increased

globally over the past two decades from 13.5 million

to 21.2 million by 2025 as the world’s population had

increased drastically (Zheng and Chen 2022). The

number of patients diagnosed with Alzheimer’s and

Parkinson’s disease are anticipated to be doubled by

the year 2050 as the human population in the age group

older than 65 years will increase. Particularly, the

number of worldwide dementia cases are expected to

reach an alarming 21.2 million by 2025, and further up

to 36.7 million by 2050. Moreover, recent reports

revealed the rate of death caused by Alzheimer’s

disease is leveled with stroke-related deaths, account-

ing for the third highest cause of mortality in the world

after heart disease and cancer (Lamptey et al. 2022).

Parkinson’s disease being the second most common

neurodegenerative disease after Alzheimer’s disease,

is also doubling in numbers (Ding et al. 2022). Unlike

other conditions, the neurodegenerative diseases are

highly unpredictable neither no early diagnosis is

available nor have any reliable biomarkers been

depicted to trace early pathogenesis of them, espe-

cially in the cases of Alzheimer’s and Parkinson’s

disease. In fact, the underlying pathogenesis for

Alzheimer’s and Parkinson’s disease is mostly

unknown whereby detection of pathological changes

are only apparent upon recognition of symptoms,

which is considered too late for reversal of the diseases

(Emamzadeh and Surguchov 2018; Hampel et al.

2018). Blood–brain barrier (BBB) becomes the major

obstacle in the treatment of neurodegenerative dis-

eases as most of the favourable drugs could not

penetrate the line, thus lowering the bioavailability of

the drugs at the target site. Though surgery was a

successful option is several cases, the concern for

long-term defect including the damage to BBB

became a drawback. Hence, use of potential drugs or

formulation that could cross the BBB to prevent the

progression of neurodegeneration became a target

(Youdim et al. 2003; Hajialyani et al. 2019; Khan et al.

2020a, b). It is important to learn the underlying

molecular mechanism in each of the disease progres-

sion and development since studies reported there are

more than one pathophysiology involved. Upon

crossing the BBB, the potential drug candidate should

be compatible to modulate the molecular targets that

mainly triggers the neuronal death. Flavonoids are

known to fulfil these criteria likewise proven in several

in vivo preclinical studies. Therefore, the review aims

to emphasize the possibility of karanjin as a neuro-

protective agent with the significance of modulating

the underlying molecular mechanistic pathways. Rel-

evant literature for the review were collected from

common search engines, Google Scholar, Scopus,

Science Direct, Wiley Online Library, Springer, etc.

Inclusion criteria for the selection of content were full

length articles, abstracts, and book chapters limited to

the studies on karanjin, flavonoids with neuroprotec-

tive effects, Alzheimer’s disease, Parkinson’s disease,

Huntington’s disease, and ALS.
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Karanjin as a bioactive compound

Origin of karanjin

The biosynthesis of flavonoids in plants is generally

initiated by synthesis of aromatic amino acids through

shikimate pathway. Phosphoenol pyruvate that enters

from pentose phosphate pathway together with ery-

throse-4-phosphate forms shikimate through a series

of reactions. Shikimate is further converted to choris-

mate upon undergoing a series of reactions. Choris-

mate acts as precursor for the aromatic amino acids

phenylalanine and tyrosine, synthesized through a

specific terminal pathway and tryptophan synthesized

on another terminal pathway. The aromatic amino

acids stand as the precursors for numerous secondary

metabolites in plants, especially alkaloid and phenolic

compounds (Maeda and Dudareva 2012; Tohge et al.

2013). Flavonoid biosynthesis further takes the

phenylpropanoid pathway, which is required for the

synthesis of lignin. Phenylalanine is the important

precursor in this pathway where it is converted to

cinnamate, then p-coumarate, further to chalcone,

dihydroflavonols, and anthocyanins or tannins upon

series of reactions. The conversion of phenylalanine to

lignins, coumarins, flavonoids, or tannins all depends

on the requirement of the plant or necessity at the time

of biosynthesis due to abiotic or biotic stress. Each

plant species have its own unique ways in deriving

secondary metabolites that possess bioactivities,

depending on the environmental factors, geographical

location, genetic inheritance, and more. Similarly, it is

hypothesized that karanjin could have been biosyn-

thesized through two dominant pathways, namely

chalcone pathway and acetophenone pathway (Singh

et al. 2021). Chalcone pathway involves the formation

of chalcone derivative scaffolds that are synthesized to

form the backbone structure of flavonoids. The

formation of flavonoids from chalcone scaffolds

involves multiple enzymes from different classes such

as transferases, isomerases, hydrolases, and reduc-

tases. The enzymes and chalcone derivatives were

identified to be present in karanja tree through analysis

of transcriptome sequencing of the whole plant

(Sreeharsha et al. 2016). Addition of furan ring to

the flavonoid backbone of karanjin is probably by

cytochrome P450 through hydroxylation of methyl

group to carbonyl group since a similar biosynthesis

pathway was proposed and described for the formation

of furanoterpenes (Gaikwad and Madyastha 2002).

The chemistry was explained as the hydrogen bonds

are formed with ketone, the molecule orientation at its

active site in a way exposing methyl group to carbonyl

group for hydroxylation by cytochrome P450 selec-

tively to yield hydroxymethyl. Intramolecular non-

enzymatic cyclization takes place in the subsequent

step to yield hemiketal, which is further dehydrated to

yield furan. On the other hand, acetophenone pathway

hypothetically involves acetophenone originated from

acetyl coenzyme A or derived from phenylalanine

through phenyl propanoid intermediates, as the pre-

cursor for furan ring in karanjin (Trivedi et al. 2015).

Isopentenyl diphosphate (IPP) and dimethylallyl

diphosphate (DMAPP), were considered the putative

electrophiles for the formation of furan ring in this

pathway and later chalcone scaffold and flavonoid

biosynthesis would take over the finishing sequence of

karanjin. Since karanjin is largely present in the seed

oil of karanja tree, together with the other fura-

noflavonoid pongamol and fatty acids, the probable

biosynthesis pathway could be acetophenone pathway

to initiate the furan ring and later attached to chalcone

backbone formation. The backbone structure of

pongamol resembles furanochalcone, whereas karan-

jin is biosynthesized as the end product in the process.

Hence, it is assumed that both the furanoflavonoids

were initially synthesized by the furan ring formation

from acetophenone pathway followed by attachment

to the chalcone backbone formation specific for

karanjin biosynthesis. The assumed biosynthesis path-

way of karanjin and pongamol is depicted in Fig. 2.

It is well-known that karanjin belongs to the

subclass of flavonol under flavonoids, characterized

by a backbone structure of cinnamoyl with methoxy

substituent groups and benzoyl with a furan ring.

Chalcone as the precursor for the backbone of

karanjin, is an open-chain flavonoid consisting two

aromatic rings merged by a three carbon a,b-unsatu-

rated carbonyl system. It is also known that com-

pounds biosynthesized using chalcone backbone have

profound pharmacological properties such as anti-

cancer, anti-inflammatory, and anti-microbial activi-

ties (Saito et al. 2015). Furan is a five membered

aromatic heterocyclic structure with high reactivity

and has important biological properties. Though furan

by itself could be carcinogenic to humans, evidence

shows the effectiveness of furan as immunomodula-

tory agent, also with anti-microbial and anti-
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inflammatory abilities (Nevagi et al. 2015; Alizadeh

et al. 2020). Hence, furans are more likely described

with bioactive nature with therapeutic credentials.

Compounds that contain furan ring has significant

pharmacological properties whereby most pharma-

ceutical drugs contains furan or tetrahydrofuran ring.

The presence of furan readily facilitates the absorption

of drugs across almost all of the biological mem-

branes, especially the gastrointestinal and pulmonary

systems (Saeid et al. 2023). Although furan fused with

chalcone is not a common finding in plant secondary

metabolites but furanoflavonoids were discovered in

Fig. 2 Proposed biosynthesis pathway of karanjin and pongamol. Furan ring structure derived from dehydrotremetone and flavonoid

backbone biosynthesized from chalcone were rearranged by chalcone isomerase (CHI) enzyme to form the furanoflavonoids
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several plant species belonging to the genus Millettia,

Derris, Tephrosia, Desmodium, Fordia and Lon-

chocarpus. It is noteworthy that furan fused chalcone

derivatives are found in legume containing plants or

trees under the family Fabaceae or previously known

as Leguminosae. The seeds or legumes of trees are

highly vulnerable to be attacked by herbivores and

insects thus the furan ring, with natural insecticidal

and antimicrobial properties are assumed to be syn-

thesized alongside the flavonoid precursor chalcones

(Saito et al. 2015; Singh et al. 2016; Saeid et al. 2023).

Isolation of karanjin

Karanja tree has been reported to contain more than

115 flavonoids and their derivatives, comprising of

flavones, flavans, and chalcones. More than 42 mis-

cellaneous compounds of various classes of terpenes,

fatty acids, sterols and aromatic esters were reported to

be discovered in extracts of P. pinnata (Al Muqarra-

bun 2013). The flavonoids and their derivatives were

reportedly present in the leaves, flowers, fruit, stem

bark, root, and seed of P. pinnata. Isolation of

flavonoids is generally done through various extrac-

tion and fractionation methods (Yin et al. 2013).

Similarly, there are several reported methods for

optimized isolation of karanjin from P. pinnata.

Karanjin was successfully isolated for the first time

in 1925 by Prof. Dr. Limaye, from the seed oil of P.

glabra, making it a brand compound of the tree

(Limaye 1925). Isolation and characterization of

karanjin has been successfully performed from the

seeds, leaves, root, stem bark, and flowers of karanja

tree. According to past reports, seeds of karanja tree

contains the highest concentration of karanjin, there-

fore the isolation process is mostly directed towards

the seeds and not the other parts of the tree that also

contains karanjin in low concentrations (Katekhaye

et al. 2012b; Dhanmane and Salih 2018; Rekha et al.

2020; Singh et al. 2021). Conventional extraction

method involves extraction using solvents and isola-

tion using chromatographic techniques. An attempt to

extract and isolate karanjin using distillation technique

by precipitating alcohol fractions of karanja oil that

was obtained through mechanical pressing of the seeds

yielded very little amount (0.99%) of karanjin though

the time taken for the process was lengthy (30 h) (Rao

et al. 1939). Another extraction method used petro-

leum ether to extract the bark of P. pinnata and

separated the products using fractional crystallization

and chromatography acquiring five new flavones,

where karanjin as one of the flavone was extracted

with concentrated hydrochloric acid to obtain a yield

of 0.08% (Row 1952). Apart from conventional

extraction, isolation of karanjin was also performed

through liquid–liquid extraction on callus cultures of

in vitro propagated P. glabra, followed by column

chromatography (Sreelakshmi and Janardhan Reddy

2012). The study was merely validating the presence

of karanjin in the nodules of P. glabra plantlets, hence

no significance was given for the yield. Various

solvents viz. methanol, ethyl acetate, petroleum ether,

and hexane were used to prepare crude extract through

liquid–liquid extraction with the seed oil of P. pinnata,

and the extracts were concentrated and subjected to

chromatographic techniques for the isolation of pure

karanjin (Raghav et al. 2019). Chromatographic

techniques such as TLC, HPLC, and column chro-

matography were commonly used for the purification

of karanjin from the isolates of P. pinnata, with a

mobile phase comprising methanol, water and acetic

acid (Lee et al. 2009; Katekhaye et al. 2012a; Doke

et al. 2021).

Modern chromatographic techniques such as high-

performance thin layer chromatography (HPTLC) and

high-speed counter-current chromatography were also

employed in isolating karanjin from the bark of P.

pinnata, in a pure form at a rapid duration (Lanjhiyana

et al. 2012; Yin et al. 2013). Although the purity of

karanjin was high ([ 95%) in these methods, the yield

however was considerably lower as compared to the

conventional isolation. Another modern technique

demonstrated to isolate karanjin with high purity,

rapid duration and increased yield using energy-

efficient sonochemical extraction of karanjin from P.

pinnata leaves (Doke et al. 2021). Ultrasonic-assisted

extraction initiated the isolation of karanjin from

karanja leaves within 30 min for a better yield

(5.46 mg/g) compared to the yield (2.5 mg/g) pro-

duced by alcoholic extraction using soxhlet for 24 h.

The extraction method also proved that karanjin has

higher affinity towards polar solvents such as

methanol and ethyl acetate where the extraction yield

could be increased with increased solute–solvent ratio

up to 1:8 (w/v). Increase in carbon chain of non-polar

solvents causes steric hindrance, leading to poor

hydrogen bonding with the ketone group of karanjin

which explains the low yield (Sajid et al. 2012). The
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researchers also reported that increase in the ultrasonic

assisted extraction (UAE) time could increase the

yield of karanjin but the maximum yield was obtained

at 30 min, and it became constant after up to 120 min.

It was clearly noticed that karanjin was heat sensitive

and could deteriorate upon accumulation of heat or

increase in temperature during the extraction process

(Damle and Choudhari 2018; Doke et al. 2021).

Therefore, any extraction or isolation method of

karanjin that involves excessive heat is not suitable to

obtain desired yield. Likewise, increasing the energy

of UAE would accumulate heat in the process due to

the energy being supplied. A stability study on isolated

karanjin from the methanol extract of P. pinnata seeds

using HPTLC and HPLC showed that karanjin was not

degraded at photolytic, thermal, neutral, and oxidative

stress conditions but were degraded by acidic and

alkaline conditions (Damle and Choudhari 2018). This

indicates extraction of P. pinnata should be main-

tained in a neutral condition to isolate pure karanjin.

Considering the factors that influence the yield of

karanjin extract, a combination of conventional and

modern isolation method could possibly give a higher

yield. Seeds of P. pinnata contains highest concentra-

tion of karanjin in the hull and minimal concentration

in the kernel. The seed oil of P. pinnata is a rich source

of karanjin that can be isolated and purified using

modern chromatographic tools. An optimized method

developed by Vismaya et al. (2010) explained the

isolation of karanjin from the seed oil of P. pinnata

obtaining 20% yield, which is considered the highest

of all reported. The researchers extracted the seed oil

using petroleum ether in a ratio of 1:5 (w/v), concen-

trated the extract and subjected to liquid–liquid

extraction using methanol in a ratio of 1:2 (v/v). The

concentrated methanol extract was subjected to neu-

tral activated alumina column chromatography, eluted

with methanol and the eluent was collected and

distilled to obtain a partially purified fraction. Adsorp-

tion chromatography using alumina has shown better

recovery of karanjin as compared to silica which

commonly has poor recovery of the compound. The

partially purified fraction essentially contained karan-

jin with approximately 80% purity was recovered

using preparative HPLC (silica column C5 250

mm 9 21.2 mm) in a water-acetonitrile mobile phase

20–80% linear gradient (4 mL/min flow rate, 110

min). Karanjin in the partially purified fraction was

also purified using crystallization technique by adding

acetonitrile and water in a ratio of 7:3 (v/v) at 7 �C for

a week. Preparative HPLC offers the purified karanjin

in a short duration whereas crystallization takes a

longer time but both techniques are conducive in

attaining high yield of pure karanjin. The purity of

karanjin recovered from preparative HPLC and crys-

tallization method was above 95% as validated by

spectroscopic (UV, NMR) and chromatographic

(HPLC, LC–MS) analysis (Vismaya et al. 2010; Yi

et al. 2014; Singh et al. 2016; Ghosh and Tiwari 2018).

Therefore, the validated method is considered simple

and viable in getting high yield of karanjin from the

seeds of P. pinnata to analyze the pharmaceutical

applications of the compound. The reported extraction

yields of karanjin from different parts of karanja tree is

given in Table 1, references of studies on isolation of

karanjin without reporting the yield were excluded.

Physicochemical properties of karanjin

Karanjin is a needle shaped white crystalline solid,

with the molecular weight 292.3 g/mol and a zero net

charge. The ultraviolet-visual absorption (UV/Vis

kmax) values for karanjin in methanol shows two peak

bands at 260 and 308 nm, indicating the presence of

cinnamoyl and benzoyl structures, respectively (Zsila

et al. 2003). The molar extinction coefficient of

karanjin was estimated at 7380 M-1 cm-1. Karanjin

is known to exhibit solvatochromic property, fluo-

rescing color according to polarity of the extracting

solvent that is commonly expressed in chromato-

graphic panes (Singh et al. 2021). Detection of the

florescence and UV-visual absorption by karanjin can

be employed to estimate the solvent–solute character-

istics. The photophysical and photochemical proper-

ties of karanjin has potential to be developed into a

probe or a coloring dye, targeting biological interac-

tions in animal models. The bioavailability studies of

karanjin can be simplified by this measure since the

ability of karanjin in crossing the BBB can be assured

through detection of its florescence at the target site

i.e. brain tissues or other specific protein targets

related to neurodegenerative diseases. Likewise, the

pharmacokinetics and pharmacodynamics of karanjin

in an in vivo model can be easily understood, provided

an optimized method for the detection of florescence

in targeted tissues is developed. Solubility of karanjin

is influenced by the functional groups of the fura-

noflavonoid, projecting a semi-polar and hydrophobic
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behavior. Karanjin is highly soluble in organic

solvents viz. methanol, ethyl acetate, ethanol,

dimethyl sulfoxide, benzene, and petroleum ether

(Arshad et al. 2013; Voicescu et al. 2014). Karanjin is

not reactive towards light in its crystal form and can be

stored at room temperature, however it is best to store

it air tight, away from direct light, at temperature

below 8 �C for a longer shelf-life. Nonetheless,

karanjin is formed as orange solution in methanol

and is more reactive compared to its solid form. The

melting point of karanjin crystals is reported to be

ranging from 157 to 161 �C (Noor et al. 2020; Singh

et al. 2021). Karanjin was assessed for its drug-

likeliness through in-silico approach using Biovia

Discovery Studio 19.0 (open-source software), and

found to be obeying the Lipinski’s rule of five

(molecular mass less than 500 Da, less than five

hydrogen bond donors, less than ten hydrogen bond

acceptors, octanol–water partition co-efficient log P

less than 5) (Gnanaraj et al. 2022). There are four

hydrogen bond acceptors in the chemical structure of

karanjin but there are no hydrogen bond donors,

whereas the partition co-efficient predicted log P value

was 2.54 or 3.43. Karanjin was also predicted by the

in-silico software to successfully permeate the BBB

and inhibit the membrane transporter protein, p-gly-

coprotein to reach brain cells. Presence of furan ring in

karanjin could possibly facilitate the drug permeabil-

ity across BBB to reach the brain tissues. For instance,

preladenant is a neuroprotective drug under clinical

trial that also contains a furan ring in its structure. The

drug preladenant was reported with anti-Parkinson’s

effect in Phase II of clinical trials. The drug was

administered orally, and could reach the brain cells

effectively to exert anti-Parkinson’s effect (Hauser

et al. 2011). The in-silico ADMET studies on karanjin

also showed no toxicity towards liver and the classes

of cytochromes (CYP) P450, hence could be safe for

oral uptake and also through pulmonary circulation.

The maximum recommended therapeutic dose of

karanjin was estimated to be 157 mg per day. Since

the gastrointestinal uptake was computed to be high,

the bioavailability of karanjin was also calculated to

have a score of 0.55, which again falls under the

obedience of Lipinski’s rule of five as a suitable drug

candidate.

Detection of karanjin in different chromatographic

and spectroscopic instruments for standardization

studies have been described by past researchers. The

Rf value for karanjin in thin layer chromatography was

0.3–0.8 for a mobile phase of toluene:ethyl acetate

(7:3). The limit of detection and limit of quantification

of isolated karanjin compared to its standard (10 ng

lL-1) was reported to be in the range of 10–25 and

50–80 ng, respectively (Katekhaye et al. 2012a;

Damle and Choudhari 2018). FTIR spectrum of

karanjin was reported with specific functional groups,

methoxy group stretching (=C–H) at 3052 and 3016,

(–C–H) at 2927 and 2852, keto group stretching (–

C=O) at 1744, and (C=C) at 1622 and 1492 cm-1,

respectively (Rekha et al. 2021). Mass spectrum

analysis on ESI–MS (70 eV) showing signals of

Table 1 Comparison of yield (%) of karanjin isolated from various parts of karanja tree

Part of

tree

Isolation method Yield

(%)

References

Leaves Ultrasound assisted extraction of dried leaves with methanol and isolation using HPLC 0.55 Doke et al.

(2021)

Flower Soxhlet extraction of dried flowers with petroleum ether and chloroform, followed by isolation

using silica gel column chromatography

0.07 Talapatra et al.

(1980)

Fruit Extraction of dried fruit powder with ethanol, fractionated with solvents and isolation using

silica gel column chromatography

0.08 Tamrakar et al.

(2008)

Stem

bark

Extraction of dried stem bark powder using solvents petroleum ether: diethyl ether: methanol

and isolation using silica gel column chromatography

0.02 Saha et al.

(1991)

Root

bark

Extraction of dried root bark with petroleum ether and isolation using fractional crystallization

and chromatography

0.08 Row (1952)

Seed Extraction of seed oil using petroleum ether followed by fractionation using solvents and

isolation using alumina column chromatography

20.0 Vismaya et al.

(2010)
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protonated molecular ions of karanjin at m/z 293.2

[M ? H]? and m/z 315.0 indicating the adducts of

sodium salts for karanjin thus confirming the molec-

ular weight to be 293. The nuclear magnetic resonance

report was, 1H NMR (400 MHz, CDCl3) d 8.22 (1H, d,

J = 9 Hz), 8.16 (2H, dd, J1 = 9 Hz, J2 = 2 Hz),

7.55–7.59 (m, 4H), 7.19 (1H, d, 480 J = 2 Hz), 3.94

(3H, s) and 13C NMR (100 MHz, DMSO) d 60.9 (-

OCH3), 109.82 (C-A), 104.09 (C-B), 154.55 (C-2),

157.86 (C-3), 174.48 (C-4), 145.57 (C-5), 146.82 (C-

6), 128.20 (C-7), 116.82 (C-8), 149.64 (C-9), 141.58

(C-10), 119.47 (C-1�), 130.73 (C-2�), 128.18 (C-3�),

121.64 (C-4�), 128.48 (C-5�), 130.52 (C-6�) (Patel and

Trivedi 2015; Noor et al. 2020). The high performance

liquid chromatography (HPLC) analysis of karanjin

using C18 column under isocratic mobile phase

(methanol: water: acetic acid; 85:13.5:1.5) for

20 min with a flow rate of 1 mL/min at a detection

wavelength of 300 nm, shows a significant single peak

at approximately 6 min retention time (Katekhaye

et al. 2012a). Recently, the chemical synthesis method

of karanjin derivatives were reported and three major

derivatives were successfully synthesized namely

karanja ketone, karanja ketone oxime, and karanja

oxazole. The purity of the derivatives was determined

and the bioactivities of the derivatives showed good

antioxidant effects in ketone and oxime (Rekha et al.

2021).

Pharmacological reports and mechanism of action

of karanjin

Phytochemical evaluation and pharmacological

reports on P. pinnata has been well documented.

Traditional uses of the tree and its pharmacological

relevance somehow has connection to the presence of

numerous bioactive compounds, especially flavo-

noids. Karanjin being a major bioactive compound

of karanja tree has significant amount of reports on its

pharmacology in various models. To begin with,

karanjin has strong antioxidant properties that were

tested against DPPH, ABTS, FRAP, and nitric oxide

scavenging activities (Ghosh and Tiwari 2018; Rekha

et al. 2020; Ansari et al. 2021). Several in-vitro studies

reported that karanjin has anti-cancer properties

against human hepatocellular carcinoma cell lines

(HepG2), human lung adenocarcinoma cell lines

(A549), human leukemia cell lines (HL-60) (Guo

et al. 2015), human cervical cancer cells (HeLa)

(Raghav et al. 2019), and human breast cancer cells

(MCF-7, MDA-MB-231) (Yu et al. 2022; Bhatt et al.

2022). The inhibitory concentration at 50% (IC50)

values for karanjin were different for different cancer

cell lines, whereby most of the concentrations were

below 20 lM. It was learned that karanjin could

induce anti-cancer effect through inducing apoptosis

via inducing cell cycle arrest at G2/M phase, inducing

apoptosis and scavenging reactive oxygen species

(ROS) (Guo et al. 2015; Mrudul and Pravin 2020; Roy

et al. 2021). Karanjin is reported to modulate the

cytochrome P450 enzymes specifically CYP1A,

which can be found in higher numbers in cancer cells

compared to healthy cells (Joshi et al. 2018; Dwivedi

and Shastry 2023). CYP1A is responsible for the

biotransformation of carcinogens leading to chromo-

somal aberrations, formation of ROS, and DNA

damage. CYP1A also mediates carcinogenesis and

development in epithelial, lung, oral, and gastroin-

testinal cancers. In a separate in vitro study, karanjin

was able to inhibit the CYP1A enzyme in recombinant

human embryonic kidney cells (HEK293) and CYP1A

sacchrosomes. Karanjin was also assumed to have

blocked the heme iron-oxo intermediate formation by

interacting with heme atoms at the substrate binding

site of CYP1B, thus preventing the hydroxylation

reaction (Joshi et al. 2018). These findings were

supported by molecular docking analysis that exhib-

ited the effectiveness of karanjin in modulating CYP1

enzymes and other cytochrome P450 targets to prevent

carcinogenesis (Dwivedi and Shastry 2023). ATP

binding cassette (ABC) transporters are ATP-depen-

dent channels that are highly expressed on cancer

cells. The ABC transports xenobiotics, drugs, and food

through cellular membranes and tissue barriers. It is

known that the transporters are responsible for drug-

resistance in cancer cells. Even at a low concentration

of 1 lM, karanjin was reported to interfere with the

ABC transporters ABCC1 (multidrug resistance asso-

ciated protein 1), ABCB1 (P-glycoprotein-multidrug

resistance gene 1), and ABCG2 (multidrug resistance

protein 1) in neuroblastoma cells (UKF-NB-3) and

glioblastoma cells (G62), by enhancing the ATPase

activity. It was discovered that karanjin sensitized the

ABC transporters to anti-cancer drugs vincristine and

mitoxantrone, enabling cytotoxic effect to the cancer

cells (Michaelis et al. 2014). The ability to inhibit CYP

enzymes and ABC transporters hails karanjin as a

potential anti-cancer drug. Karanjin triggered
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apoptosis in cancer cells through suppression of Bcl2,

the apoptosis regulator gene in the Bax/Bcl2 ratio, thus

leading to caspase-dependent cell death during the cell

cycle arrest at G2/M. Moreover, the translocation of

nuclear factor kappa-B (NF-kB) was inhibited by

karanjin in cancer cells, hence preventing the survival

of the cells from survival genes expressed by the NF-

kB pathway (Roy et al. 2019).

Karanjin exhibited anti-diabetic property in an

in vitro study by stimulating the translocation of

insulin-sensitive glucose transporter 4 (GLUT4) and

facilitated the uptake of glucose across a plasma

membrane in skeletal muscles. The mechanism

involved in the process was the activation of 5’

adenosine monophosphate-activated protein kinase

(AMPK) enzyme that is responsible for the regulation

of cellular metabolism. It was discovered that karanjin

activated the AMPK pathway for translocation of

GLUT4 to plasma membrane of skeletal muscles in L6

myotubes, without the involvement of phosphoinosi-

tide (PI) 3-kinase (PI3K)/ protein kinase B (Akt)

which was verified through western blot analysis to

check the protein expression of phosphorylated Akt

(Ser-473) (Jaiswal et al. 2011). However, a recent in-

silico molecular docking study suggests that karanjin

is exerting anti-cancer property against breast cancer

through activation of PI3K/Akt pathway (Dwivedi and

Shastry 2023). The variation suggests that karanjin is

capable of modulating the right pathway either

proliferation or metabolism, depending on the neces-

sity in the cellular environment. Apart from that,

karanjin has potentially exhibited anti-HIV activity by

expressing half-maximal cytotoxic concentration

([ 693.15 lM) in C8166 cells (Pandey et al. 2014).

Nitric oxide scavenging activity of karanjin was

associated with a potential against psoriasis through

a molecular docking analysis against the disease

related target receptors, interleukin (IL17-A, IL17-F,

IL23), retinoid related orphan receptor (ROR), and

toll-like receptor (TLR-7) (Ghosh and Tiwari 2018).

Karanjin is confidently potent as a skin care drug since

another report on the formulated gel of karanjin

proved to be suitable in treating acne by reducing the

pore size of sebaceous glands and inflammation

induced by carrageenan (Ansari et al. 2021).

Several in vivo studies involving animals were

reported on the pharmacological potentials of karan-

jin. The initial report on the oral administration of

karanjin (50 and 100 mg/kg) for 10 days in

streptozotocin-induced diabetic Sprague–Dawley rats

reported that karanjin has significant anti-hyper-

glycemic and anti-hyperlipidemia activities. It was

deduced by the researchers that the anti-hyper-

glycemic activity of karanjin could be due to inhibi-

tion of protein-tyrosine phosphatase 1B, which is a

mediator of insulin resistance in cells (Tamrakar et al.

2008). Oral administration of karanjin (10 and 20 mg/

kg) for 14 days was reported to exhibit gastroprotec-

tive and anti-ulcer activity in male Wistar rats that

were stressed with ethanol and forced to swim. The

ethanol administration and stress induction in rats

significantly caused gastric mucosal membrane dam-

age and gastric ulcer formations which were amelio-

rated by karanjin through inhibition of oxidative stress

and proton pump (H?, K? -ATPase) inhibition

(Vismaya Belagihally et al. 2011). Anti-inflammatory

property of karanjin was described in a study involv-

ing paw edema formation and arthritis due to complete

Freund’s adjuvant (CFA)-administration in male

Wistar rats. The rats were orally dosed with karanjin

(10 and 20 mg/kg) for 13 days upon administration

with CFA. The results exhibited anti-inflammatory

reaction by karanjin that was mediated by suppression

of pro-inflammatory cytokines, reduced paw edema

and erythema, prevention of cartilage and joint injury,

and inhibition of nitric oxide ROS formations by

preventing nuclear translocation of NF-kB p65.

Therefore, it was presumed that the inhibition of

inflammatory reaction was overall orchestrated by

karanjin through suppression of NF-kB pathway,

accompanied by oxidative stress prevention (Bose

et al. 2014). Karanjin was also reported to have

significantly prevented colitis in 2,4,6-trinitroben-

zenesulfonic acid (TNBS)-induced BALB/c mice.

Karanjin (100 and 200 mg/kg) was orally administered

for 7 days in TNBS-induced mice, and was reported to

inhibit oxidative stress markers, suppress inflamma-

tory reactions, and prevent shortening of colon (Patel

and Trivedi 2017). Previously, the same authors also

described the anti-colitis effect of karanjin (100 and

200 mg/kg) oral administration in dextran sulfate

sodium (DSS)-induced colitis in female C57BL6 mice

and similar parameters were assessed hence describing

inhibition of oxidative stress and prevention of

inflammation (Patel and Trivedi 2015). Another study

was reported on oral administration of karanjin (50,

100 and 200 mg/kg) for 18 weeks consecutively for the

prevention of dimethylhydrazine-induced colon
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carcinoma in male Wistar rats. It was noted that

karanjin could prevent colon carcinoma through

reversal of oxidative stress and regulation of apoptosis

marker proteins, therefore suggesting the alteration of

the mitochondrial p53 and its related downstream

pathway by karanjin to induce apoptosis in colon

cancer (Zhang et al. 2020). A recent study exhibited

the potential of karanjin in preventing Alzheimer’s

disease using a diazepam-induced Swiss albino mice

model. Karanjin (25 and 50 mg/kg) was orally

administered for 8 days in diazepam-induced mice

and the behavioral studies were assessed (Saini et al.

2017). Although the study showed memory impair-

ment of karanjin treated mice in the maze tests, there

were no biochemical or histological studies to signif-

icantly proof the neuroprotective mechanism of

karanjin. Therefore, the study could not provide a

direction for further neuroprotective mechanism of

karanjin. In our recent in-silico study, it was proven

that karanjin has the potential to treat Alzheimer’s and

Parkinson’s disease through binding to targeted pro-

teins involved in the progression of the neurodegen-

erative diseases (Gnanaraj et al. 2022). The summary

of pharmacological reports of karanjin is given in

Table 2. In all the animal studies, karanjin was

administered orally and the highest dose was 200

mg/kg, which indicates the bioavailability of karanjin

in the gastrointestinal system is high, which can be

related back to the in-silico results. The lethal dose

(LD50) of karanjin was reported to be more than 600

mg/kg in BALB/c mice model (Zhang et al. 2020).

The distribution of karanjin in mammalian cells

was studied in a manner of understanding its effect on

humans and other organisms if applied as a biopesti-

cide. The findings were clear that karanjin could

penetrate the mammalian cells easily but is not

harmful to the healthy cells nor it could cause adverse

effects (Raghav et al. 2019). Binding of karanjin to

bovine serum albumin (BSA) was performed to

evaluate the toxicity of the compound towards the

protein structure that mimics human serum albumin.

Other chemical pesticides tend to cause severe toxicity

to BSA upon binding. Toxicological studies on

karanjin proved its safety in physiological conditions

that were validated using cell lines and animal models.

Pharmacokinetic studies on karanjin in male and

female Sprague–Dawley rats were performed by

different researchers to learn the absorption and

elimination pattern of the compound. In the first study

involving female rats, karanjin was administered at

10 mg/kg and the mean maximal plasma concentra-

tions (Cmax) was 0.498 ± 0.01 lg/mL, whereas the

elimination half-time (T1/2) was 3.78 h, and karanjin

was eliminated from the systemic circulation at 24 h

(Shejawal et al. 2014). In the second study on male

rats, karanjin was available in plasma at 1.5 h post oral

administration and T1/2 was in the range of 1.9–2.2 h.

Karanjin at the doses 5, 10, and 20 mg/kg showed

Cmax of 0.187 ± 0.03 lg/mL, 0.347 ± 0.04 lg/mL,

and 0.772 ± 0.12 lg/mL, respectively (Yi et al.

2014). These findings demonstrate the effectiveness

of karanjin as a safe and potential drug candidate in its

estimated dose range, adding together the pharmaco-

logical reports to support the claim. The mechanism of

action exerted by karanjin in every in vitro and in vivo

studies can be mapped to understand the targeted

pathways of karanjin, which could be useful in

construing the potential effect of karanjin on neurode-

generative diseases.

Mechanism of neurodegenerative disease

development

Neurodegenerative diseases are commonly linked

with the pathophysiological change in brain regions

due to loss of neurons, protein aggregation, distur-

bance in neuronal network or synaptic failure, aberrant

proteostasis, defected DNA and RNA, cytoskeletal

abnormalities, altered energy homeostasis, or neuronal

inflammation (Van Schependom and D’haeseleer

2023; Wilson et al. 2023). There are few risk factors

associated with the development of the diseases

primarily age, individual genetic makeup and envi-

ronmental factors. Progression and spreading of

neurodegenerative diseases within the brain tissues

are connected to many underlying mechanisms. Peo-

ple affected by neurodegenerative disease display

impaired cognitive and motor functions, especially

movement, speech, stability, and bowel movements

(Ding et al. 2022). Most of the current treatments are

targeted on improvement of symptoms and not

focused on recovery of the damaged brain cells.

Alzheimer’s disease is described with the accumula-

tion of amyloid-b peptide (Ab) and tau proteins in the

brain. A typical Alzheimer’s condition is character-

ized by accumulation of tau proteins causing an

increase of neurofibrillary tangles composed of accu-

mulated insoluble filaments of hyperphosphorylated
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Table 2 Pharmacological action of karanjin on numerous diseases

Pharmacological effect Model Dose Mechanism of intervention Reference

Anti-cancer HepG2 (in vitro)

A549 (in vitro)

HL-60 (in vitro)

HeLa (in vitro)

L929 (in vitro)

MDA-MB-468 (in vitro)

MDA-MB-231 (in vitro)

MCF-7

(in vitro)

SKBR3

(in vitro)

T47D

(in vitro)

MDA-MB-468 (in vitro)

DMH induced colon

carcinoma in male

Wistar rats (in vivo)

0–40 lM

IC50 (5.5 lM)

IC50 (11.9 lM)

IC50 (6.8 lM)

0–200 lM

IC50 (186 lM)

IC50 (86 lM)

0–100 lg/mL

IC50 (160–217

lM)

0–40 lM

IC50 (11.66 lM)

IC50 (18.56 lM)

0–100 lg/mL

IC50 (37.7 lg/

mL)

IC50 (52.61 lg/

mL)

0–50 lM

0–100 lM

IC50 (4.42 lM)

IC50 (8.35 lM)

IC50 (11.3 lM)

50, 100 & 200

mg/kg

Inducing apoptosis

Cell cycle arrest (G2/M)

Inducing apoptosis

Inhibiting cell proliferation

Inducing apoptosis

Cell cycle arrest (G2/M)

Regulation of PI3K/Akt

signaling pathway

Reducing ROS

Regulation of NF-kB

signaling pathway

Regulation of PI3K/Akt

signaling pathway

Regulation of p53/Bcl2/Bax

pathway

Guo et al. (2015)

Raghav et al. (2019)

Roy et al. (2019)

Mrudul and Pravin (2020)

Yu et al. (2022)

Bhatt et al. (2022)

Dwivedi and Shastry

(2023)

Zhang et al. (2020)

Metabolism and transport HEK293

(in vitro)

UKF-NB-3

(in vitro)

G62 (in vitro)

0–30 lM

IC50 (1.6 lM)

0–40 lM

Inhibition of CYP enzymes

Regulation of ABC

transporters

Sensitizing anti-cancer

drugs (vincristine &

mitoxantrone)

Joshi et al. (2018)

Michaelis et al. (2014)

Anti-diabetic

Anti-hyperlipidemic

STZ-induced Sprague

Dawley rats

(in vivo)

L6 GLUT4 myc

myotubes

(in vitro)

50 & 100 mg/kg

0–25 lM

Inhibition of PTP1B

Regulation of AMPK

signaling pathway for

translocation of GLUT4

Tamrakar et al. (2008)

Jaiswal et al. (2011)

Gastroprotective

Anti-ulcer

Ethanol-induced male

Wistar rats

(in vivo)

10 & 20 mg/kg Inhibition of oxidative

stress

Inhibition of H?, K? -

ATPase

Vismaya Belagihally et al.

2011

Anti-arthritic Anti-

inflammatory

CFA-administered male

Wistar rats (in vivo)

10 & 20 mg/kg Inhibition of nitric oxide

formation

Inhibition of oxidative

stress

Regulation of NF-kB

signaling pathway

Bose et al. (2014)
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tau (Pickett et al. 2019). As a consequence, the patient

undergoes extensive neuronal loss, synaptic failure,

and damaged neurotransmitters leading to impaired

memory. Patients diagnosed with Alzheimer’s disease

at the early stage are prone to short-term memory loss

due to disrupted hippocampal circuitry functions as an

effect of plaque accumulation. In the advanced stages,

patients with Alzheimer’s disease will exhibit major

functional impairment, loss of problem-solving abil-

ities, and apparent behavioral changes, which leads to

dementia (Long and Holtzman 2019; Scheltens et al.

2021). The mechanistic pathway of Alzheimer’s

disease progression is not completely elucidated but

a recent review emphasizes the involvement of

mitochondrial oxidative stress due to toxicity caused

by Ab accumulation and regulation of tau protein

hyperphosphorylation by glycogen synthase kinase 3

(GSK3b) and cyclin dependent kinase 5 (CDK5)

(Tiwari et al. 2019). Apart from GSK3b and CDK5,

other kinases such as ERK2, caspases 3 & 9, serine/

threonine kinase, and protein kinases A & C are also

stimulants of tau protein hyperphosphorylation, acti-

vated by Ab. Hence, in can be deduced that the PI3K/

Akt/GSK3b signaling pathway and oxidative stress

are relevant in the pathogenesis of Alzheimer’s

disease (Fig. 3).

Parkinson’s disease is a condition commonly

related to aging factor, regarded with tremors, imbal-

ance, walking disabilities, muscle stiffness, olfactory

dysfunctions. The disease can be inherited genetically

Table 2 continued

Pharmacological effect Model Dose Mechanism of intervention Reference

Anti-colitis TNBS-induced BALB/c

mice (in vivo)

DSS-induced female

C57BL6 mice

(in vivo)

100 & 200 mg/kg

100 & 200 mg/kg

Inhibition of oxidative

stress

Suppression of pro-

inflammatory cytokines

Immunomodulation

Inhibition of oxidative

stress

Suppression of pro-

inflammatory cytokines

Immunomodulation

Patel and Trivedi (2017)

Patel and Trivedi (2015)

Anti-Alzheimer’s Diazepam-induced

Swiss albino mice

(in vivo)

25 & 50 mg/kg Memory improvement

observed through

behavioral changes

Saini et al. (2017)

Antioxidant

Skincare

Sodium nitroprusside

solution

(in vitro)

DPPH

(in vitro);

Acne-causing bacteria

S. epidermidis and P.
acnes

(in vitro);

Anti-acne activity on

sebaceous gland of

testosterone injected

Wistar rats

(in vivo);

Carrageenan-induced

paw edema in Wistar

rats

(in vivo)

1 mg/mL

3% w/v loaded

gel

Free radical scavenging

effect

Free radical scavenging

effect

Anti-bacterial effect

Anti-inflammatory and anti-

skin irritation effect

Ghosh and Tiwari (2018)

Ansari et al. (2021)
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or it can be stimulated by other factors (Ascherio and

Schwarzschild 2016; Poewe et al. 2017). Apart from

age, other factors that contribute to Parkinson’s disease

are habitual smoking, excessive caffeine consumption,

and chronic exposure to environmental chemicals and

toxins. The underlying mechanism for the develop-

ment of Parkinson’s disease is unknown but studies

suggest that morphological alterations in the disease

are recognized by death of dopaminergic neurome-

lanin-containing neurons in the substantia nigra, lead-

ing to the loss of pigmentation in the locus coeruleus.

Decrease of the dopaminergic neurons in the striatum

of basal ganglia consequently leads to cardinal motor

symptoms (Stoessl et al. 2014). An important mech-

anism in the progression of Parkinson’s disease is the

misfolding and aggregation of a-synuclein which

causes the death of nigrostriatal neurons and formation

of Lewy bodies. Moreover, oxidative stress again plays

an important role in progression of the disease coupled

with mitochondrial stress and dysfunction, ferroptosis

of dopaminergic neurons, defected autophagy lysoso-

mal system, failure of ubiquitin–proteasome system,

and ultimately neuroinflammation (Schulz-Schaeffer

2010; Li et al. 2023). It is well-learned that PARK

Fig. 3 Mechanism of Alzheimer’s disease progression. The

accumulation of extracellular senile plaques and intracellular

neurofibrillary tangles (NFT) are the hallmarks of AD. The

hyperphosphorylation of tau results in microtubule (MT)

destabilization, MT disassembly and aggregation of tau into

NFT. The amyloid beta (Ab) is produced from the proteolytic

cleavage of amyloid precursor protein (APP), which shows the

tendency to aggregate into Ab oligomers and eventually

forming senile plaques. Both Ab oligomers and senile plaques

activate microglia and astrocytes, thus resulting in the release of

pro-inflammatory cytokines, chemokines. This leads to lipid

peroxidation, oxidative stress, inflammation and eventually

neuronal death. Soluble Ab oligomers are believed to cause

mitochondrial dysregulation and eventual mitochondrial-asso-

ciated cell death
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genes are involved in the regulation of oxidative stress

and neuroinflammation in Parkinson’s disease pro-

gression (Park et al. 2014; Tsunemi and Krainc 2014).

A recent review suggests the involvement of gut

microbiota in the pathogenesis of Parkinson’s disease

whereby the whole scenario is depicted from gut

inflammation, triggering the release of lipopolysac-

charides (LPS) by specific microbiota and pro-inflam-

matory cytokines that crosses the plasma membrane,

causes aggregation of a-synuclein in the enteric

nervous system (Dong-Chen et al. 2023). Accumula-

tion of a-synuclein as a damage-associated molecular

pattern (DAMP) in microglial cells, prompts neuroin-

flammation while entering the cells through toll-like

receptors (TLRs), subsequently initiating an innate

immune response. NF-kB is upregulated in the process,

hence NLRP3 inflammasome is activated to maximize

the generation of pro-inflammatory cytokines that

further aggravates oxidative stress and damage, caus-

ing ferroptosis or death of dopaminergic neurons,

which explains the pathophysiology of Parkinson’s

disease progression (Fig. 4).

Huntington’s disease is a genetically inherited pro-

gressive neurodegenerative disease caused by early

synaptic losses. Degradation and death of neurons in the

specific voluntary movement controlling areas in brain,

is characterized as the progressed state of Huntington’s

disease (Milnerwood and Raymond 2010). The disease

is passed down to progeny from their parents and

symptoms will arise at the age range of 30–40, often

ending in death. Patient’s suffering from Huntington’s

disease will experience cognitive disturbances such as

loss of thinking abilities, emotional problems, motor and

dysfunctions such as uncontrolled and involuntary

movements (Bates et al. 2015; Jimenez-Sanchez et al.

2017). Gene mutation and aggregation of huntingtin

protein carrying an abnormally elongated polyglu-

tamine (polyQ) is the basal pathophysiology of the

disease progression, yet the underlying mechanism is

not fully discovered. The damage of central dopamin-

ergic system in the brain leads to excessive dopamine

production in Huntington’s disease, which are thought is

be the causative agent for chorea (unusual jerking and

writhing) (Bhatt et al. 2015). Oxidative stress is

imparted as the pathogenesis of synaptic loss in the

early stages of Huntington’s disease, therefore targeting

the oxidative stress markers, autophagy and Nrf2-ARE

pathway could be a possible approach to overcome the

disease (Cordeiro et al. 2020; Lamptey et al. 2022).

Neuroinflammation is also associated with the progres-

sion of Huntington’s disease whereby the role of NF-kB

pathway is prominent in upregulating the production of

pro-inflammatory cytokines (Lum et al. 2023) (Fig. 5).

ALS is a motor neuron disease that progresses

aggressively on nerve cells and the spinal cord,

ensuing paralysis and muscle weakness. Deterioration

of motor neurons happens gradually before the

neurons are completely dead, thus preventing signal

delivery to the brain (Morris 2015; Taylor et al. 2016).

Mutation of four major genes (SOD1, FUS, C9orf72,

TARDBP), are accountable for more than 70% of

cases ALS, though there are many other genes

involved (Hardiman et al. 2017). The four genes are

responsible for major motor functions such as home-

ostasis, DNA repair, glial cell and mitochondrial

functions. Impairment of the major motor functions

leads to the progression of ALS. In the case of ALS,

the pathophysiology is directed to aggregation of

intraneuronal proteins such as TAR DNA, SOD1 and

neurofilament (Kim et al. 2020). The neurodegener-

ative disease is also not defined of its detailed

pathogenesis since there are very limited pre-clinical

studies on the type of disease. But based on the few

studies using transgenic mice model of ALS, the NF-

kB pathway can be highlighted for the disease

progression since it involves oxidative stress through

SOD1 suppression (Wang et al. 2018a, b). SOD is an

antioxidant enzyme, responsible for the alleviation of

oxidative stress (Stephenie et al. 2020). Hence, the

inclusion of NF-kB pathway is crucial in the progres-

sion of oxidative stress related ALS (Fig. 6).

Synaptic and neuronal dysfunctions are common

findings in all neurodegenerative diseases described

earlier. Core physiological processes in external and

internal cellular environment are required to function

optimally to interact with the hallmarks of neurode-

generative diseases to overcome synaptic dysfunction.

Factors like oxidative stress, defective energy meta-

bolism, organelle degradation, protein degradation,

loss of cytoskeletal dynamics, and neuronal death are

the causatives of synaptic failure (Henstridge et al.

2016; Verma et al. 2022; Wilson et al. 2023). Another

hallmark of neurodegenerative diseases are aggrega-

tion of proteins (Ab, Tau, a-synuclein, polyQ, TAR

DNA, SOD1, etc.) at the neuronal cells implicates

aberrant proteostasis. Ubiquitin–proteasome system

and autophagy-lysosomal pathway are major mecha-

nisms involved in the protein homeostasis of neuronal
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cells. It was learned that autophagy-lysosomal path-

way plays a crucial role in the amelioration of

neurodegenerative diseases especially by removing

protein aggregation in Alzheimer’s and Parkinson’s

disease (Schulz-Schaeffer 2010; Spires-Jones et al.

2017; Dong-Chen et al. 2023). Excessive protein

aggregation causes adverse effect on autophagy-lyso-

somal pathway, whereby the pathway transfers the

aggregation prone proteins such as misfolded prions,

Tau, and a-synuclein to neighboring cells. Autophagy

and lysosomal dysfunction in neurodegenerative dis-

eases could be caused by oxidative stress and

mitochondrial dysfunction. DNA damage is a common

hallmark in neurodegenerative diseases. Denatured

DNA or mutations are progenitors for the progression

of neurodegenerative disorders, whereby oxidative

DNA damage influences the mitochondrial functions

that leads to protein aggregation (Devine and Kittler

2018; Wang et al. 2018a, b; Tiwari et al. 2019).

Although there are environmental factors, stress and

genotoxic influences for DNA mutation and denatura-

tion, ROS is fundamentally involved in the process. In

other words, oxidative stress again plays a part in

pathogenesis of neurodegenerative diseases.

Fig. 4 The accumulation of Lewy bodies (aggregates of

misfolded a-synuclein) and the loss of dopaminergic neuron is

the hallmark of Parkinson’s disease. A Aggregates of a-

synuclein exert lipid peroxidation, ferroptosis and mitochon-

drial damage in neuron cells. B The presence of protofibrils, a-

synuclein oligomer and Lewy bodies activates astrocyte and

microglia to result in increased expressions of pro-inflammatory

cytokines, chemokines and adhesion molecules as well as

oxidative stress
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Neuroinflammation is a pathological hallmark of

neurodegenerative diseases that is triggered upon

encountering of aggregated protein by microglial cells

and astrocytes. It is best known that neuroinflammation

is correlated with oxidative stress as the process is

controlled by the similar mechanistic pathways.

Potential intervention of karanjin

as a neuroprotective drug

Phenolic compounds especially flavonoids have a

strong influence in mitigating oxidative stress related

diseases and its underlying pathways. The intervention

of polyphenols in neurodegenerative diseases are

widely studied and suggested to have sufficient

capabilities to become a therapeutic drug for treatment

of neurodegenerative disorders, or as a nutritional

health supplement to prevent and protect against

developing neurodegenerative ailments (Ayaz et al.

2019; Devi et al. 2021). Early epidemiological studies

identified that uptake of fruit or vegetable rich diet and

frequent consumption of tea or coffee reduced the risk

of developing Parkinson’s disease, indicating the

presence of phenolic compounds in minimizing the

risk factor associated with neurodegenerative diseases

(Yang et al. 2018). Being the largest class of phenolic

compounds, flavonoids have a versatile nature in terms

of pharmacological properties. Recent pre-clinical

studies on animal models have shown the effective-

ness of several flavonoids in preventing the patho-

physiological progression of Alzheimer’s disease

(Dourado et al. 2020; Khan et al. 2020a, b). Numerous

pre-clinical studies were reported on different flavo-

noids against Alzheimer’s and Parkinson’s disease in

the past ten years. Examples of the flavonoids that

were reported with neuroprotective activity are

naringin, baicalein, quercetin, rutin, kaempferol,

morin, anthocyanin, hesperidin, hesperitin, silibinin,

silibilin, naringenin, apigenin, myricitrin, chrysin,

tanshinone I, epigallocatechin gallate (EGCG) and

more. Studies show that flavonoids exert modulatory

effects at the neuronal sites where accumulation of

peptides such as amyloid-b peptide (Ab) and a-

synuclein in the brain, which suppress the develop-

ment of neurodegenerative diseases (Teles et al. 2018;

Cho et al. 2020). Flavonoids could act as an inhibitor

of monoamine oxidase (MAO), which is used as a

method of treatment in Parkinson’s and Alzheimer’s

Fig. 5 Simplified overview of pathogenesis of Huntington’s

disease. The mutation of huntingin causes conformational

change that leads to protein misfolding to result in mutant toxic

huntingtin. Mutant toxic huntingtin is cleaved by proteases and

targeted to proteasome for degradation and elimination. The

proteasome was impaired in cases of Huntington’s disease.

Mutant toxic huntingtin could, be translocated to nucleus to

cause altered gene expression, cause dysfunctional calcium

signaling and homeostasis, alter neurotransmitter receptor

activity and release, and cause mitochondrial damage
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disease. MAO acts as a remover of neurotransmitter

hormones such as serotonin, dopamine, and nore-

pinephrine thus inhibition of MAO could suppress the

development of neurodegenerative diseases (Yamada

2004; Schapira 2011). Studies also suggest that

flavonoids are capable to counter act with the oxida-

tion products of MAO such as 5-S-cysteinyl-dopamine

and dihydrobenzothiazine-1 that acts as neurotoxins

involved in the death of nigral neurons of substantia

nigra (Ayaz et al. 2019; Dong-Chen et al. 2023).

Recent evidence suggests that flavonoids have ten-

dencies to inhibit the TNF-a and other pro-inflamma-

tory cytokine production as well as blocking oxidative

stress-induced neuronal injuries (Devi et al. 2021).

Flavonoids have been reported to improve cognitive

and behavioral changes in animal model of Hunting-

ton’s disease. Mitochondrial activity were enhanced,

cellular stress markers and inflammatory markers were

reportedly reduced by flavonoids for the Huntington’s

disease animal models (Sandhir and Mehrotra 2013;

Rehman et al. 2016). The effects of flavonoids on ALS

were reported using transgenic mice model SOD1-

G93A, where flavonoids reportedly delayed the onset

of the disease progression and improved motor

performance by preserving the motor neurons and

dendritic cells thus extending the lifespan of animals

(Wang et al. 2018a, b).

The underlying mechanism of neuroprotection is

relatable to alleviation of oxidative stress, as reported

by previous studies. Essentially, pathophysiology of

neurodegenerative diseases are correlated to the

regulation of inflammatory mediators (TNF-a, IL-6,

iNOS, COX-2, NLPR3, etc.), non-enzymatic/enzy-

matic antioxidants and oxidative stress markers (ROS,

GSH, LPO, GPx, CAT, SOD, Nrf2, etc.),

immunomodulation (TLRs, STATs, etc.), and also

apoptosis (p53, caspases, Bax, Bcl2, JNK, ERK, etc.).

The mechanistic pathways involved can be narrowed

to MAPK, AMPK, RAGE, PI3K/Akt and NF-kB

cascade signaling within the brain cells, leading to

progression and development of the diseases.

Although molecular targets and proteins involved are

unique for each neurodegenerative disease, yet the

mechanistic pathways are somewhat intertwined,

which could be explained by the event of how a same

flavonoid compound i.e. quercetin, hesperidin,

Fig. 6 The mutation of several genes is implicated in the

pathophysiology of amyotrophic lateral sclerosis (ALS) Muta-

tion of fused in sarcoma (FUS), superoxide dismutase 1 gene

(SOD1) and CHCHD10 is believed to contribute to

mitochondrial-associated oxidative stress dysfunction and

eventual neuronal death. The formation of SOD1 aggregates

contribute to alteration of cytoskeletal dynamics as well as

dysfunctional axonal transport

123

Phytochem Rev



kaempferol, or baicalein could exert pharmacological

effects in controlling Alzheimer’s, Parkinson’s, and

Huntington’s disease. The justification perhaps can be

directed to the mode of drug administration, whereby

majority of the studies involving animals’ stated oral

administration (intragastric) therefore, the relationship

of gut-brain axis in the prevention of neurodegener-

ative disease comes into discussion. It is well-known

that flavonoids are capable of altering the CYP

enzymes to escape the gastrointestinal metabolism,

however the bioavailability of the compounds is at

question since most flavonoids do not have the ability

to permeate BBB (Teles et al. 2018; Khan et al.

2020a, b). The presence of gut microbiota is explained

to significantly enhance the metabolism of dietary

flavonoids into fractions of bioactive metabolites that

are permeable across BBB. Presence of gut microbiota

or probiotics are helpful in producing novel metabo-

lites known to enhance the intestinal health, subse-

quently uptake the metabolites into circulation

entering the central nervous system (Socala et al.

2021; Zhang et al. 2023). The plasma concentration of

the metabolites are considered sufficient to produce

the desired effect on brain cells, as depicted by the

findings of flavonoid treated neurodegenerative ani-

mal models.

Karanjin as a furanoflavonoid has the potential of

permeating the BBB due to the presence of furan ring,

as described in the earlier section. The oral bioavail-

ability of karanjin was considered good, as verified

previously through molecular docking and pharma-

cokinetic studies. Considering the antioxidant proper-

ties of karanjin and inhibition of oxidative stress in

animal models, the pharmacological properties could

be beneficial for the prevention or modulation of

neurodegenerative diseases. Based on the pharmaco-

logical reports on karanjin, it has the ability to inhibit

the translocation of NF-kB, thereby hindering the

progression of oxidative damage and inflammation in

a disease. Similarly, karanjin is capable of modulating

the cellular metabolism pathway AMPK and cellular

proliferation pathway PI3K/Akt and MAPK. There-

fore, majority of the signaling pathways involved in

the progression of neurodegenerative diseases could

be controlled by karanjin, making it a suitable drug

candidate for neurodegeneration. Experimental mod-

els of neurodegenerative diseases should be targeted to

learn the effect of karanjin on AGE-RAGE signaling

pathway that is directly involved as the ligand binding

site on cell surface, initiating cellular cascade signal-

ing in pathophysiology of neurodegeneration. TLRs

have common ligands and pathways as RAGE since

both are membrane receptors involved the signaling

cascade for inflammation and crosstalk between

TLRs-RAGE were identified in the progression of

neurodegenerative disease (Gasiorowski et al. 2018).

Karanjin was reported to inhibit TLR7 in an in-silico

analysis, hence there is a high chance for the

compound to inhibit the RAGE signaling cascade in

neurodegeneration. Although permeability of karanjin

on BBB is proven, it is wise to optimize alternate

routes of administration to increase the plasma con-

centration of the drug and to improve the T1/2. Oral

administration of karanjin could possibly have a

significant effect on neurodegenerative diseases either

in its original form of permeated drug, or upon

biotransformation by gut microbiota. The interrelation

of gut microbiota and progression of neurodegenera-

tive disorders together with the prevalence of karanjin

molecules in the brain tissues upon oral administration

could be an interesting discovery in that aspect.

Another potential method of administration to treat

neurodegeneration is through the intranasal cavity,

whereby aerosolized nano-formulated karanjin could

be delivered to reach the brain tissues efficiently. This

passage could overcome the hindrance of gut meta-

bolism, thus increasing the plasma concentration of

karanjin. Lipophilicity of karanjin would enable the

compound to diffuse through the epithelial cells of

nasal cavity into the olfactory nerves to be transported

to the brain tissues. The mechanism will be a stepping

stone for the development of potential drugs from

natural products to treat neurodegenerative diseases as

depicted in Fig. 7.

Conclusion and future prospects

As a conclusion, it can be ascertained that karanjin has

the credentials of preventing the pathophysiology of

neurodegenerative diseases. Drug-likeliness of karan-

jin was verified through molecular-docking analysis,

obeying the Lipinski’s rule of five. The presence of

furan ring in the structure of karanjin enhances the

permeability of the compound across biological

membrane barriers thus improving the bioavailability.

Isolation of karanjin could be optimized by liquid/

liquid extraction from the seed oils of P. pinatta
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coupled with alumina adsorption chromatography and

preparative HPLC. Highlights on the effects of

karanjin on signaling pathways involved in the

progression of neurodegeneration viz. NF-kB, AMPK,

PI3K/Akt, MAPK, and AGE-RAGE supports the

neuroprotective effect of karanjin as reported in our

molecular docking study. The development of a

potential neuroprotective drug from natural products

is a dream project for many researchers across the

globe. Though there are numerous bioactive com-

pounds that were studied and reported pre-clinically

against diseases like Alzheimer’s, Parkinson’s and

Huntington’s, none of them have passed the clinical

trials. Therefore, the drug with high potential needs

solid pre-clinical evidence of pharmacological, toxi-

cological, pharmacokinetics and pharmacodynamics

against a specified disease. Karanjin could be the drug

candidate against Parkinson’s or Alzheimer’s disease,

provided the studies are conducted and presented in-

line with the requirements from the national drug

registration and regulatory bodies. Future direction of

karanjin should include the formulation methods to

deliver an effective dose of the drug across BBB to

treat neurodegenerative diseases. Detailed

Fig. 7 Postulated mechanism of action of karanjin against

neurodegenerative diseases such as Ad and Parkinson’s disease.

Black arrow denotes the pathological process of neuronal cells

in response to senile plaque and oligomers. Red arrow shows the

postulated therapeutic action of karanjin to counteract the toxic

insults from senile plaque and oligomers. Karanjin is believed to

regulate MAPK and P13/Akt pathways which results in

upregulations of anti-oxidant activity and therefore inhibits

oxidative stress and associated apoptotic events, inhibition of

apoptosis, and inhibition of inflammation. In addition, karanjin

could inhibit the activation of NF-kB
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pharmacological aspects of karanjin such as the effect

on liver metabolism, mechanism of drug transport,

half-life, drug-drug interaction, adverse reactions, and

more should be explored. To increase the commercial

value of karanjin, chemical synthesis instead of

conventional isolation, could be employed as an effort

for mass scale production.
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