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INTRODUCTION 
Cancer is one of the most dreaded diseases to humanity. 

Extensive research is being carried out for the cure of 

this ailment and many of the research has been 

successful in the treatment of patients. The side effects 

and drug resistance is a problem constantly faced by the 

patients and health care professionals to manage the 

cancer therapy. There is scope for natural 

phytocompounds gaining momentum in anti-cancer 

therapy. This review is focused on exploring the detailed 

anti-cancer property of Murraya koenigii with in addition 

to its taxonomical description, traditional uses and 

phytoconstituents isolated so far in brief. 

 

Murraya koenigii Linn (Rutaceae) commonly known as 

Meethi neem, is an aromatic more or less deciduous 

shrub or a small tree up to 6 m in height found 

throughout India up to an altitude of 1500 m and are 

cultivated for its aromatic leaves.
[1] 

 

 

Taxonomic status
[2]

 

Kingdom: Plantae 

Sub kingdom: Tracheobionta 

Division: Magnoliophyta 

Class: Magnoliopsida 

Subclass: Rosidae 

Order: Sapindales 

Family: Rutaceae 

Genus: Murraya 

Species: koenigii  

In Traditional System of Medicine, it is used as 

antiemetic, antidiarrhoeal, dysentery, febrifuge, blood 

purifier, tonic, stomachic, flavoring agent in curries and 

chetneys. The oil is used externally for bruises, eruption, 

in soap and perfume industry.
[3]

 

 

Murraya Koenigii is a highly values plant for its 

characteristic aroma and medicinal value.  

 

A number of chemical constituents from every part of the 

plant have been extracted. The most important chemical 

constitutents responsible for its intense characteristic 

aroma are P-gurjunene, P-caryophyllene, P-elemene and 

O-phellandrene. The plant is rich source for carbazole 

alkaloids.
[4]

  

 

The plant is credited with tonic and stomachic properties. 

Bark and roots are used as stimulant and externally to 

cure eruptions and bites of poisonous animals. Green 

leaves are eaten raw for cure of dysentery, diarrhoea and 

for checking vomiting. Leaves and roots are also used 

traditionally as bitter, anthelmintic, analgesic, curing 

piles, inflammation, itching and are useful in leucoderma 

and blood disorders.
[5,6]

 M. koenigii contains a number of 

chemical constituents that interact in a complex way to 

elicit their pharmacodynamic response. A number of 

active constituents responsible for the medicinal 

properties have been isolated and characterized.   
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Active constituents isolated from different parts of 

Murraya koenigii 
Leaves are aromatic and contain fiber, minerals, proteins, 

carbohydrates, carotene, vitamin C and nicotinic acid. 

The leaves contain oxalic acid, crystalline glycosides, 

koenigin, carbazole alkaloids and resin. Fresh leaves 

contain yellow colored volatile oil, also rich in calcium 

and vitamin A. From the leaves are alkaloids viz., 

mahanine
[7]

, koenine, koenigine, koenidine
[8]

, 

girinimbiol, girinimibine
[9]

, koenimbine, O-methyl 

murrayamine A, O-methyl mahanine, mukoeic acid, 

isomahanine, bismahanine, bispyrayafoline
[10]

 and other 

phytoconstituents such as coumarinic glucoside, 

scopotin, murrayanine
[11]

, calcium, phosphorus, iron, 

thiamine, riboflavin, niacin, vitamin C, carotene and 

oxalic acid.
[1]

 The essential oil from leaves yielded di-α-

phellandrene, D-sabinene, D-α-pinene, dipentene, D-α-

terpinol and caryophyllene.
[12] 

Triterpenoid alkaloids like 

cyclomahanimbine and tetrahydromahanmbine; 

Murrayastine, murrayaline, pypayafolinecarbazole 

alkaloids and many other chemical compounds have 

been reported in the leaves of M. koenigii. Bark mainly 

contains the carbazole alkaloids as murrayazoline, 

murrayacine, murrayazolidine, mahanimbine, koenioline, 

girinimbine and xynthyletin. Fractionation of petroleum 

ether partitioned ethanol extract and crude petroleum 

ether extract of the leaves of Murraya koenigii Linn 

(Rutaceae) led to the isolation of 5,8-dimethyl 

furanocoumarin and 1-al, 3[6’, 6’ dimethyl 5-hexene] 

carbazole and β-sitosterol.
[3]

 The pulp of fruits generally 

contains moisture, total sugar, reducing sugar, non 

reducing sugar and negligible amount of tannin and 

acids. It also contains proteins, vitamin C and trace 

amount of minerals - phosphorus, potassium, calcium, 

magnesium and iron.
[13,14]

 Curry leaf has recently been 

found to be a potent antioxidant due to high 

concentrations of carbazoles, a water soluble 

heterocyclic compound which may be responsible for the 

reduction and stabilization of metal ions.
[15,16]

  

 

Several systematic scientific studies are also being 

conducted regarding the efficacy of whole plant or its 

parts in different extract forms for the treatment of 

different diseases. This plant has been reported to have 

antibacterial, antifungal, larvicidal, hypoglycaemic, 

antiprotozoal, anti-oxidative, haematological, 

hypolipidemic, antilipid perioxidative, antihypertensive, 

respiratory disorder, tyrpsin inhibitor, cytotoxic and 

anticancer activities.
[17-24]

 A review giving the different 

methods of green synthesis of nanoparticles using plant 

extract of Punica granatum and Murraya koenigii and 

their application also described the use of the plant.
[25]

   

 

Detailed review of anticancer activity of Murraya 

koenigii 

Phytomedicine has been in practice since the ancient 

days. Many modern anti-cancer drugs are analogues of 

natural compounds.
[26] 

The right combination of drug and 

the natural component could improve the overall 

effectiveness of the treatment. It is believed that 

phytomedicines which are rich in antioxidant molecules 

might be helping to protect normal cells from the 

harmful effects of anti-cancer drugs.
[27]  

 

The cytotoxic and proteasomal inhibitory potential of M. 

koenigii leaf extract in four different human cell lines 

namely; prostate, colon, liver and cervical cancer were 

studied by performing MTT assay, inhibition of growth 

by colony formation assay and inhibition of the 

chymotrypsin-like (Ch-L) activity of the 26S 

proteasome. M.Koenigii extract decreased the 

chymotrypsin-like activity of the endogenous proteasome 

in intact cells and cell extracts in the four cancer cell 

lines which suggested that the inhibition of the 

proteasome could be one of the mechanisms contributing 

for the anticancer activity of the extract
[28]

 

 

The hydro-methanolic extract of M.koenigii was assessed 

for cytotoxic activity by MTT assay. The extract was 

capable of decreasing cell viability which in turn altered 

the growth kinetics in breast cancer cell lines in a dose-

dependent manner. A significant arrest of cells was 

observed in the S phase of cancer cells and not in the 

normal cells. The leaves of Murraya koenigii has a rich 

source of polyphenols which could inhibited the 

proteolytic activity of proteasome of the cancer cell, 

eventually causing cell death.
[29] 

 

Girinimbine, a carbazole alkaloid isolated from M. 

koenigii was tested on A549 lung cancer cells to analyze 

its apoptotic mechanistic pathway. MTT assay was used 

for the purpose which unconcealed that girinimbine 

induces cell death with an IC50 of 19.01μM. There was 

an increase in mitochondrial membrane potential and a 

decrease in the nuclear area. The plasma membrane 

permeability was promptly visible with translocation of 

cytochrome c. The apoptotic and antiproliferative effects 

of Girinimbine were due to upregulation and 

downregulation of apoptotic and antiapoptotic proteins. 

Intrinsic and extrinsic pathways were significantly 

involved. The upregulation of p53 as well and 

proliferation repressor proteins, p21 and p27, and the 

role of insulin/IGF-1 signaling were identified.
[30]

 

 

Three carbazole alkaloids viz., mahanine, mahanimbine 

and mahanimbicine and essential oil extracted from the 

leaves of M. koenigii (Rutaceae) were examined for their 

effects on three tumor cell lines (MCF-7, P 388 and 

Hela) and the growth of five antibiotic resistant 

pathogenic bacteria. Significant antitumor activity was 

observed against the three cell lines. Mahanimbine and 

essential oil showed important antibacterial and 

cytotoxic effect in a dose dependent manner (≤5.0 

μg/mL).
[31]

 

 

Girinimbine isolated from stem bark of M. koenigii 

showed the in vitro anti-tumor activity which was carried 

out by measuring the percentage inhibition of induced 

early antigen EA of Epstein Barr virus EBV on the 

surface of Raji cells. Raji cells are B- human 
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lymphoblastoids latently infected with EBV, in which 

the early antigen of the virus can be induced by phorbol 

12-myristate 13-acetate and n-butyrate to express on the 

surface of cells. It can be detected by imunofluorescence 

using human antisera of nasopharyngeal carcinoma. The 

study showed that the girinimbine strongly inhibited the 

induction of EA of EBV more than 90% when tested at 

16.0 and 32.0 μg/ml. The inhibition rate was moderate 

when tested at 8.0 μg/mL [58%] and low at 4.0, 2.0 and 

1.0 μg/mL [46, 35 and 32%] respectively. The IC50 

values from the dose response curve was 6.0 μg/ml.
[32]

 

 

Dose dependent inhibition of 26S proteasome activity by 

the extract of M.koenigii was reported. The IC50 values 

were found to be 7.99μg/mL for HeLa cells, 12.5 μg/mL 

for Caco-2, 12.4 μg/mL for LNCaP cells and 43.4μg/mL 

for HepG2 cells. The proteasome complex has been 

considered an important target for anti-cancer drugs. 

Inhibition of 26S proteasome complex induces apoptosis 

which helps in slowing down the cancer progression.
[33]

 

 

Koenoline isolated form root bark exhibited cytotoxic 

activity against the KB cell culture test system.
[34]

 9- 

formyl-3 methyl carbazole displayed weak cytotoxic 

activity against both mouse melanoma B 16 and 

Adriamycin resistant P 388 mouse leukemia cell lines.
[35]

 

The effects of extracts of M. koenigii in in-vitro (short 

term incubation method and in-vivo (Dalton’s ascitic 

lymphoma (DAL) anticancer models have been 

evaluated in male Swiss albino mice.
[36]

  

 

The anticarcinogenic potential of curry leaf using benzo 

(α) pyrene induced for stomach and 7, 12 dimethyl benz 

(α) anthracene (DMBA) induced skin papillomas were 

studied. Chemo protective responses were measured as 

decrease in tumor burden (papillomas/mouse) and % of 

tumor bearing animals in both the models. Increase in 

level of acid soluble sulphydral compounds, glutathione 

S- transferase and DTdiaphorases were also measured. 

Antioxidant parameters (reduced glutathione, Super 

Oxide dismutase, catalases, glutathione peroxidase and 

glutathione reductase) were also elevated.
[37]

  

 

Mahanine isolated from M. koenigii has been found to 

induce apoptosis in human myeloid cancer cell (HL-60) 

by down-regulating cell survival factors by activation of 

caspase-3 through mitochondrion-dependent pathway, 

and disrupts cell cycle progression.
[38]

  

 

Another study reported that mahanine, purified from the 

leaves of M. koenigii, has a dose- and time-dependent 

antiproliferative activity in acute lymphoid (MOLT- 3) 

and chronic myeloid (K562) leukemic cell lines and in 

the primary cells of leukemic and myeloid patients, with 

minimal effect on normal immune cells including CD34 

(+) cells.
[39]

 

 

Bioactive compounds and pharmaceutical qualities of 

curry leaf (Murraya koenigii L.) extracts from three 

different locations in Malaysia were investigated. The 

Highest flavonoids (TF) and total phenolic (TP) contents 

were observed in the extracts from Kelantan (3.771 and 

14.371 mg/g DW), followed by Selangor (3.146 and 

12.272 mg/g DW) and Johor (2.801 and 12.02 mg/g 

DW), respectively. High quercetin (0.350 mg/g DW), 

catechin (0.325 mg/g DW), epicatechin (0.678 mg/g 

DW), naringin (0.203 mg/g DW), and myricetin (0.703 

mg/g DW) levels were observed in the extracts from 

Kelantan, while the highest rutin content (0.082 mg/g 

DW) was detected in the leaves from Selangor. The curry 

leaf extract from Kelantan exhibited higher concentration 

of gallic acid (0.933 mg/g DW) than that from Selangor 

(0.904 mg/g DW) and Johor (0.813 mg/g DW). Among 

the studied samples, the ones from Kelantan exhibited 

the highest radical scavenging activity (DPPH, 66.41%) 

and ferric reduction activity potential (FRAP, 644.25 𝜇m 

of Fe (II)/g) followed by those from Selangor (60.237% 

and 598.37 𝜇m of Fe (II)/g) and Johor (50.76% and 

563.42 𝜇m of Fe (II)/g), respectively. A preliminary 

screening showed that the curry leaf extracts from all the 

locations exhibited significant anticarcinogenic effects 

inhibiting the growth of breast cancer cell line (MDA-

MB-231) and maximum inhibition of MDA-MB-231 cell 

was observed with the curry leaf extract from 

Kelantan.
[40]  

 

The effect of column (SU I, SU II, SU III) extracts of the 

plant Murraya koenigii against in vitro (short term 

incubation method, SU I, SU II, SU III) and in vivo 

(Dalton’s Ascitic Lymphoma, SU II) has been evaluated 

in male swiss albino mice using only SU II. DAL cells 

were injected intraperitoneally (106 cells) to the mice. 

Two days after cells injection the animals were treated 

with 7 mg/Kg of SU II for 15 days. 5-flurouracil (20 

mg/Kg) was used as the reference. On day 16, cancer cell 

number compared with the same parameter in control. A 

significant decrease in the cancer cell number and 

tumour weight were noted in the tumour-induced mice 

after treatment with SU II. These observations are 

suggestive of the protective effect of extract in Dalton’s 

Ascitic Lymphoma (DAL). In  in vitro studies, all the 

column extracts showed moderate activity.
[41]

 

 

The ethanolic (EEMK) and methanolic (MEMK) extracts 

of Murraya koenigii (MK) leaves and their alkaloid 

fractions (EFMK and MFMK) for their in vitro anti-

oxidant and anticancer activity against U373MG cell 

lines were evaluated. In vitro antioxidant activity of 

extracts and fractions were determined by DPPH radical 

assay, reducing power assay, inhibition of lipid 

peroxidation, superoxide radical scavenging assay and 

hydroxyl radical scavenging assay. Cytotoxic effect of 

MK extracts and fractions was evaluated by performing 

Sulphorhodamine B (SRB) assay and Flow cytometry 

analysis on U373MG cell lines. Extracts and fractions of 

MK were found to possess significant antioxidant 

activity. In SRB colorimetric assay, the efficacy of MK 

against U373MG cell line was observed due to reduced 

viability of U373MG cells. Dose dependent significant 

increase in the percentage of dead cells was also 
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observed. MEMK exhibited significant cytotoxicity than 

EEMK. Flow cytometry analysis revealed that the 

effective extract MEMK induces cell death in human 

glioblastoma cells through apoptotic mode of action 

which may be due to its antioxidant potential.
[42]

 

 

The ethanolic extract of M. koenigii leaves was evaluated 

for its in vitro anti-oxidant by DPPH Radical and FRAP 

assay and anticancer activity and its efficacy against H-

29 Cell lines were determined by MTT colorimetric 

assay. The efficacy of M. koenigii against HT-29 cell line 

showed that the incubation of cancer cells reduced the 

viability of HT-29 cells and the dead cells were 

significantly increased with high extract concentration 

suggesting significant antioxidant activity and anticancer 

activity.
[43]

 

 

The cytotoxic activity of M. koenigii was first tested on 

4T1 cells in vitro by MTT assay. Then, in vivo 

chemopreventive study was conducted where mice were 

fed with extracts prior to and after inducing the tumor 

(inoculation). Tumor size was monitored post-4T1 

inoculation. At the end of experiment, histopathology of 

tumor sections, T cell immunophenotyping, tumor nitric 

oxide level, serum cytokine level and qPCR analysis on 

expression of iNOS, iCAM, NF-kB and c-MYC were 

performed. The extract reduced the tumors size and lung 

metastasis aside from inhibited the viability of 4T1 

cells in vitro. Furthermore, it decreased the level of nitric 

oxide and inflammation-related cytokines and genes, 

including iNOS, iCAM, NF-kB and c-MYC suggesting 

that it might inhibit the progression of tumor via 

immunostimulatory effect and inflammatory reaction 

within the tumor samples.
[44]

  

 

Eight carbazole alkaloids were isolated from the stem 

bark, leaves and roots of Malayan M. koenigii. Crude 

extract and isolated compounds from the roots of this 

plant were screened for cytotoxic activity and antitumor 

promoting activity. All crude extracts of the roots 

including the isolated compounds, mahanimbine, 

mahanine and murrayafoline-A exhibited significant 

cytotoxic activity against CEM-SS cell line with IC50 3 

µg/mL. Girinimbine inhibited EBV-activation in the 

antitumor promoting assay.
[45]

 

 

The anticancer and toxic effects of Curry Leaf Extracts 

(CLE) in Caco-2 and HepG2 cells were investigated and 

also the phytochemical content and antioxidant activities 

of CLE were studied. The Caco-2 human colon 

adenocarcinoma (ATCC HTB-37) cells and Hep2G 

human liver cells (ATCC HB-8065) were incubated with 

aqueous CLE at selected concentrations (0.2-0.8 μg 

mLG1) for 12 and 24 h. Lactate dehydrogenase (LDH) 

release, histone-related DNA fragmentation and 

detoxification enzymes were determined. Phytochemical 

content and antioxidative activities of the extract were 

determined using in vitro methods. After 24 h, LDH 

release was highest in Caco-2 cells treated at 0.8 μg 

mLG1 (45.83 μg mLG1). The LDH of HepG2 cells 

peaked at 15.74% (12 h-0.8 μg mLG1), inferring low 

acute cytotoxicity. The GST activity in Caco-2 cells 

increased with increasing concentration of CLE, 

however, SOD activity decreased. Histone-related DNA 

fragmentation was highest in cells treated with 0.4 μg 

mLG1 for both cell lines. Total phenolics and flavonoids 

of methanolic CLE were 541.11±12.41 GAE/100 g CLE 

and 192.22±2.75 CE/100 g CLE. The results from this 

study indicate that curry leaf may be effective in colon 

cancer prevention while causing minimal toxic effects to 

liver cells.
[46]

 

 

The biological synthesis of silver nanoparticles (Ag 

NPs) using β-caryophyllene isolated from the leaf 

extract of M. koenigii, as reducing and stabilizing agent 

was determined. Ag NPs exhibited promising activity 

on chloroquine-sensitive Plasmodium falciparum (3D7) 

(IC50: 2.34 ± 0.07 µg/ml), as well as significant 

cytotoxic activity on lung cancer cells (IC50: 

9.39 ± 0.08 µg/ml). Overall, β-caryophyllene 

synthesized Ag NPs could be further considered as a 

promising source for the development of cost effective 

and safer alternative drugs to treat malaria and 

cancer.
[47]

 

 

The pyranocarbazole alkaloids were isolated from leaves 

of M. koenigii and their anti-cancer potential was 

investigated in different cancer cell lines. Among all 

tested compounds, murrayazoline and O-

methylmurrayamine A demonstrated potent anti-cancer 

activity against DLD-1 colon cancer cells with the 

IC50 values of 5.7μM and 17.9μM, respectively, without 

any non-specific cytotoxicity against non-cancer HEK-

293 and HaCaT cells. Further, studies of pure 

compounds revealed that the anti-cancer activity of 

compounds corresponds with altered cellular 

morphology, cell cycle arrest in G2/M phase, reactive 

oxygen species level and mitochondrial membrane 

depolarization of colon cancer cells. In addition, these 

compounds activated caspase-3 protein and upregulated 

Bax/Bcl-2 protein expression ratio leading to induction 

of caspase-dependent apoptosis in DLD-1 cells. These 

event induced by carbazole alkaloids also coincides with 

downregulation of Akt/mTOR suggesting downstream 

targeting of cell survival pathway suggesting its use in 

colon cancer.
[48]

 

 

CONCLUSION 
The quantum of research happening in the field of anti-

cancer therapy is high and includes huge investments. 

Crossing the line of clinical studies has stuttered many a 

researchers. That is when much of the research stays at 

lab scale or pharmacological levels. The medicinal 

benefits of Murraya koenigii plant was utilized well for 

centuries by our ancestors. This gives an added 

advantage to the bioactive molecules in this plant. The 

bioactive components of Murraya koenigii should be 

analyzed further to interpret and discover the possibilities 

of this species emerging as a reliable cure for cancer. 
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