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Abstract 
           .Herbal medicines are always in great demand, they are in use since the time of immortal. 
Peoples  around the globe are dependent on herbal medicines because of their non-violent and 
non-toxic nature.The traditional systems of medicine have been utilizing Plumbago zeylanica 
Linn for a variety of treatments. It is an important herb in the Indian and Chinese traditional 
medicine systems for over 3000 years. The present review  highlights comprehensive 
information about anticancer efficacy of this plant and explore its usefulness  for human health. 

Introduction        

 

                        Plumbago zeylanica Linn plant and roots 

            Cancer is a disease which occurs when changes in a group of normal cells within the 
body lead to uncontrolled growth causing a lump called a tumor ; this is true of all cancers 
except leukemia (cancer of the blood). If left untreated, it leads to death by invading and 
destroying normal cells(1). Usually, cancer is named after the body part in which it originated; 
thus, breast cancer refers to the erratic growth and proliferation of cells that originate in the 
breast tissue.(2) The breast is composed of two main types of tissues i.e., glandular tissues and 
stromal (supporting) tissues. Glandular tissues house the milk-producing glands (lobules) and 
the ducts (the milk passages) while stromal tissues include fatty and fibrous connective tissues 
of the breast. The breast is also made up of lymphatic tissue-immune system tissue that removes 
cellular fluids and waste( 3) 
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             Medicinal herbs have been widely used for treatment of diseases in traditional way for 
several generations. There is considerable scientific evidence to suggest that nutritive and non-
nutritive plant-based dietary factors can inhibit the process of carcinogenesis effectively. Cancer 
chemoprevention involves pharmacologic intervention with synthetic or naturally occurring 
chemicals to prevent, inhibit or reverse carcinogenesis or prevent the development of invasive 
cancer. (4) .Natural products are chemical compounds or substances produced naturally by 
living organisms. With the development of modern technology, more and more plant extracts 
have been found to be useful to medical practice. Both micromolecules and macromolecules 
have been reported to have the ability to inhibit tumour progression, a novel weapon to fight 
cancer by targeting its 10 characteristic hallmarks (5).Herbal medicines are always in great 
demand, they are in use since the time of immortal. Peoples  around the globe are dependent on 
herbal medicines because of their non-violent and non-toxic nature. Although there are so many 
alternative methods available but still people depend on herbal plants for their day to day life. 
Therapeutic plants are the solution to sinister and incapacitating effect of synthetic medicines. 
Various traditional medicinal plant used by traditional healers within communities of different 
areas in the world. Plants/herbs have been scientifically studied by different researchers at 
different times for its medicinal value/pharmacological activity against different types of cancer 
diseases. This review highlights the therapeutic potential of Plumbago zeylanica plant that can 
be used for cancer treatment. 

                 Herbal medicines are always in great demand, they are in use since the time of 
immortal. People all around the globe are dependent on herbal medicines because of their non-
violent and non-toxic nature. All though there are so many alternative methods available but still 
people depend on herbal plants for their day to day life. Therapeutic plants are the solution to 
sinister and incapacitating effect of synthetic medicines. Herbal plants always prove them self as 
the primary product for synthetic drugs. Plumabgo zeylanica is one such plant of great 
medicinal importance. Plumabgo zeylanica is widely used plant for its therapeutic practises in 
traditional system of medicine. Especially the rural people in India are entirely reliant on herbal 
plants. With the revitalisation of herbal plants across the world, Plumabgo zeylanica is broadly 
used for commercial preparation of medicines due to its biological activities.(6) The Chitrak is  
a plant of great medicinal use .Its botanical name is Plumbago zeylanica which is most 
cultivated plant because of its high value. It is an oldest herb that was used in Ayurveda for 
several disorders over thousands of years .This plant commonly known as chitrak and belongs to 
Plumbaginaceae family .It is  one of the well-known Ayurvedic drug.  It is commonly known as 
chitramula and chitrak. This is perennial herb grow in shady places in the garden and found in 
Sri Lanka (Ceylon) and parts India, which include Bengal, Uttar Pradesh, and Southern India. 
Stems are 0.6 to 1.5 m long, somewhat woody, spreading, terete, striate and glabrous. Leaves 
are thin 3.8 – 7.5 by 2.2 – 3.8 cm. ovate, subacute, entire, glabrous, somewhat glaucous beneath, 
reticulately veined, shortly and abruptly attenuated into a short petiole. Petiole is narrow, 
amplexicaul at the base and they're often dilated into stipule like auricles. Flowers are elongate 
spikes, rhachis glandular, striate; bracteoles ovate acuminate, shorter than the calyx. Calyx is 1 – 
1.3 cm long, narrowly tubular, persistent, densely covered with stalked glands; teeth small with 
membranous margins. Corolla white slender tube 2 – 2.5 cm long, lobe 8 mm long, obovate-
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oblong, acute, apiculate. Filaments as long as the corolla-tube; anthers exserted just beyond the 
throat. Capsule oblong, pointed; pericarp thin below, thick & hardened above (7-9)  

Vernacular names of Plumbago zeylanica  
Assamese-Agiyachit, Agnachit , Bengali : Chita , Gujrati : Chitrakmula , Hindi : Chira, Chitrak , 
Kannada : Chitramula, Vahni, Bilichitramoola , Kashmiri : Chitra, Shatranja , Malayalam : 
Vellakeduveli, Thumpokkoduveli Marathi : Chitraka ,Manipuri :Telhidak Angouba , Oriya : 
Chitamula, Chitoparu , Punjabi : Chitra , Sanskrit : Agni, Vahni, Krishanu, Dahana, 
Hutabhuk,Tamil : Chitramoolam, Kodiveli, Telugu : Chitramulam , English : Lead wort 
Names of Plumbago zeylanica. In foreign countries 
Arabia-Shitaraj,Ensain,Enkin,  Burma-Kanchopphjju,Kinkhenphi 
Chinese-Pai Hua T’eng, Pe Hoa T’en,  French- Dentelaire,Dentelaire de Ceylon 
German Bleiwurz zahnkraut, Ceyloniche Bleiwurz 
Nepal-Chitu , Philipines- Sagdikit (Tagalog), Bagbag, Talankaw 
Vietnam - Bach hoa xa , Singapuri- Agni shikha 
 
Taxonomic Profile 
Bentham and Hooker’s classification : 
Family – Plumbaginaceae, Class – Dicotyledonae  
Sub class – Gamopetalae, Series – Heteromerae  
Order – Primulales. 

Traditional Uses  of Plumbago zeylanica       

          Pant  et al (10) reviewed traditional Uses of this plant and stated that  the P.  zeylanica  
is  a  popular  medicinal  herb  throughout Africa and Asia. It has been used as  a  remedy  for  
skin  diseases,  infections  and  intestinal worms viz. leprosy, scabies, ringworm, hookworm,  
dermatitis,  acne,  sores  and  ulcers  since time immemorial. The traditional systems  of 
medicine in different parts  of the  continents have been utilizing all parts of P. zeylanica for 
a  variety of treatments. . In West Africa the root or  the leaves crushed with lemon juice, are 
used as a  counter-irritant  and  vesicant.  In  Nigeria  the roots pounded with vegetable  oil 
are used as a  treatment  for  rheumatic  swellings.    Powdered bark, root or leaves  are used 
as a conventional method  to  treat  gonorrhoea,  syphilis, tuberculosis,  rheumatic  pain,  
swellings  and  wounds  treatment  system  in Ethiopia. In  other  regions of Africa a paste of 
the root in vinegar,  milk  and  water  is  used to  treat  influenza  and black water fever; root 
infusion is taken orally to  treat  shortness  of  breath;  root  decoction  with boiled milk is 
swallowed to  treat inflammation  in the mouth, throat and chest. .In Mauritius and  
Rodrigues a root decoction is also used to treat diarrhoea and dyspepsia.3. In  India  P.  
zeylanica  commands  an  important  place  among  medicinal  herbs  in  India  since ancient 
times. Pant  et al further mentioned that  Ayurveda, the  Indian indigenous  system  of  
medicine  dating  back  to  the  Vedic  ages (1500-8000 BC), has described chitraka as tumor-
negating  and anti-dyspepsic.  In Charaka  Samhita  (an  important  work  on  Ayurvedic  
system  of  medicine)  P.  zeylanica  has  been  categorized as an appetizer, anti-saturative, 
anti- anorexic,  anti-haemorrhoidal  and  pain-reliever (11) 
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            Herbal  medicines  such  as  Dabur  Chitrak Haritaki, Medohar Guggulu, Morslim-Z, 
Divya Chandraprabhavati etc. use P. zeylanica extracts  in different amounts (10)The 
Chitrak root  a major source of plumbagin, has been used in traditional Indian medicine since 
750 BC as an anti-atherogenic, cardiotonic, hepatoprotective, and neuroprotective agent. P. 
zeylanica has also been used to treat rheumatoid arthritis, dysmenorrhea, injury by bumping, 
and cancer. (12) According to Paiva et al., Flowers are used as digestant. Leaves are caustic, 
vesicant, aphrodisiac, good for scabies stimulant and are also used in sore and swelling(13) 
They are used to treat infections and digestive problems such as dysentery. Externally a paste 
is applied to painful rheumatic areas or to chronic and itchy skin problems The ethanolic 
stem extract inhibited the growth of Leishmania amazonensis promastigotes by 88% at 100 
mg/ml (13) Root is bitter, laxative, expectorant, tonic, abortifacient, good appetizer, useful in 
rheumatism, laryngitis, scabies and disease of spleen (14).Roots of this plant are mixed with 
Abrus precatorius and used in leucoderma(15) . Satyavati et al reported that root powder 
showed the presence of protease enzyme, trace quantity of Vit, A, B1, B2 and C and was 
found to be GIT Flora normalizer. It stimulates the proliferation of coliform bacteria in mice 
(16). Root is used in filariasis, depigmentation of the skin and anasarca generalized swelling 
all over the body. In rheumatic joints, its paste applied is beneficial. It is recommended in the 
treatment of non-bleeding piles. The same is extremely helpful in colitis. The root is a 
powerful acronarcotic poison.(17) 

  

Chemical Constituents of P. Zeylanica 
 
               Secondary metabolites like flavonoids, alkaloids, glycosides, saponins, steroids, 
tannins, tri-terpenoids, coumarins, carbohydrates, phenolic compounds, fixed oils, fats, proteins 
and napthoquinones have been reported in P. zeylanica . Napthoquinones present in the plant are 
plumbagin, chitranone, 3-biplumbvagin, chloroplumbagin, elliptone. Coumarins are seselin, 5-
methoxy seselin, xanthyletin, suberosin. Other compounds present in the plant are Plumbagin 
acid, β sitosterol, 2, 2-dimethyl-5-hgydroxy-6- acetylchromene, saponaretin, isoaffinetin, etc. 
Among all these Plumbagin, is the most important bioactive compounds present in P. 
zeylanica.(18) According to Satyavati et al., (19) and Kapoor (20) flowers contain plumbagin, 
zeylanone and glucose. Leaves contain plumbagin chitanone. Stem contains pumbagin, 
zeylanone, isozeylanone, sitosterol stigmasterol, campesterol and dihydroflavonol plumbagin. 
The root bark of P. zeylanica contains plumbagin. The root yields new pigment, viz. 3- 
Chloroplumbagin, 3, 3-biplumbagin binaphthoquinone identify as 3’,6’- bipumbagin and four 
other pigments identified as isozeylanone, zeylanone, elliptinone and droserone . 
              Structure of a new naphthoquinone from Plumbago zeylanica.reported by Gunaherath 
and Gunatilaka (21). New naphthoquinones from Plumbago zeylanica.by Gupta , Gupta , 
Singh(22) . A new binaphthoquinone from Plumbago zeylanica Linn reported by Dinda B, Saha 
S (23), 1,2(3)-Tetrahydro-3,3’-biplumbagin: A naphthalenone and other constituents from 
Plumbago zeylanica.by Gunaherath ,Gunatilaka , Sultanbawa , and Salasubramaniam(24) ,. 
Chitranone- a new binaphthaquinone from Plumbago zeylanica. Sankaram , Srinivasarao and 
Sidhu (25).Cytotoxic naphthoquinones and plumbagic acid glucosides from Plumbago 
zeylanica.by Lin ,Yang and Chou (26) Isolation of aromatic sulphone from Plumbago zeylanica 
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Linn.by Amatya , Ghimire and Tuladhar (27). Rahman and Anwar reported. fungitoxic and 
cytotoxic activity of a novel compound 1,2-benzenedicarboxylic acid, diisooctyl ester of 
Plumbago zeylanica Linn. Asian J Microbiol Biotechnol Environ Sci 2006;8:461-4. (28).  Lin 
and Chou isolated Meroterpenes and C-glucosylflavonoids from the aerial parts of Plumbago 
zeylanica.(29). Two new triterpenoids from Plumbago zeylanica. (30). Dinda B, Saha S.reported 
chemical constituents of Plumbago zeylanica aerial parts and Thevetia neriifolia roots. (31) 
(72).Free amino acids of Plumbago zeylanica. reported by Dinda and Saha and (32)  and 
Gupta,Aditi Siddiqui,I.R and Singh, J. Isolated of a new anthraquinone, 1-hydroxy-3-methyl-6-
methoxyanthraquinone-8-O-β- -xylopyranoide 1 along with naphthoquinones, droserone 2 and 
zeylanone 3 is reported from roots of the Plumbago zeylanica. Structures of the compounds have 
been elucidated by spectroscopic and chemical studies (33). 

 
 

 
 

Plumbagin 
 

 
Chitranone 

 
 

 
 

Saponaretin 
 

International Journal of Scientific Research and Review

Volume 8, Issue 7, 2019

ISSN NO: 2279-543X

Page No: 294



 
 

Isoaffinetin 

 
Elliptone 

 

 
Xanthyletin, 

 

 
 
 

β sitosterol 
 

International Journal of Scientific Research and Review

Volume 8, Issue 7, 2019

ISSN NO: 2279-543X

Page No: 295



Anticancer activity 

               Liu et al (34)reviewed  the research progress of plumbagin both in pharmacological 
and pharmaceutical It has been shown that plumbagin, a bioactive naphthoquinone isolated from 
three major plant families viz. Plumbaginaceae, Ebenceae and Droseraceae, definitively exhibits 
anticancer potential in diverse cancer cells both in vitro and in vivo. Plumbagin shows 
antineoplastic effects via multi-channel molecular mechanisms, including the induction of 
apoptosis and autophagy, the disruption of the cell cycle, the inhibition of invasion and 
metastasis, and anti-angiogenesis. Plumbagin inhibits the growth of cancer cells mainly through 
the modulation of the signals of PI3K/Akt/mTOR, AMPK, Ras, and so on. The pharmaceutical 
applications of plumbagin combined with nanocarriers to achieve better therapeutic efficiency 
have been  discussed in review  some of  them like liposomes, nanoparticles, microspheres, 
micelles, and nisosomes are used in cancer treatment. 

        Sathya et al (35) studied the the anti-invasive activities of P. zeylanica methanolic extract 
(PME) and pure compound 3β-hydroxylup-20(29)-ene-27,28-dioic acid (PZP) isolated from 
Plumbago zeylanica and  investigated in vitro. PME and PZP were found to have the ability to 
induce apoptosis as assessed by flow cytometry. Further, the molecular mechanism of apoptosis 
induced by PME and PZP was found by the loss of mitochondrial membrane potential with the 
down regulation of Bcl-2, increased expression of Bad, release of cytochrome c, activation of 
caspase-3 and cleavage of PARP leading to DNA fragmentation. Importantly, both PME and 
PZP were observed to suppress MDA-MB-231 cells adhesion to the fibronectin-coated substrate 
and also inhibited the wound healing migration and invasion of MDA-MB-231 cells through the 
reconstituted extracellular matrix. Gelatin zymography revealed that PME and PZP decreased 
the secretion of matrix metalloproteinases-2 (MMP-2) and metalloproteinases-9 (MMP-9). 
Interestingly both PME and PZP exerted an inhibitory effect on the protein levels of p-PI3K, p-
Akt, p-JNK, p-ERK1/2, MMP-2, MMP-9, VEGF and HIF-1α that are consistent with the 
observed anti-metastatic effect.iand claimed that  these data provide the molecular basis of the 
anti-proliferative and anti-metastatic effects of PME and PZP.  

           Chen et al(36)  reported that Plumbagin inhibited the growth of Panc-1 and Bxpc-3 cells 
in a dose-dependent and time-dependent manner. Liu's staining and transmission electron 
microscopy demonstrated morphological changes resembling apoptosis in Panc-1 cells treated 
with plumbagin. The degree of apoptosis was assessed by measuring the proportions of sub-
G(1), annexin V+/propidium iodide-, and terminal- deoxynucleotidyl-transferase-mediated-nick-
end labeling (TUNEL)+ cells, and a significant increment in apoptotic cells was observed. 
Exposure to plumbagin caused the upregulation of Bax, a rapid decline in mitochondrial 
transmembrane potential, apoptosis-inducing factor overexpression in cytosol, and the cleavage 
of procaspase-9 and poly ADP-ribose polymerase. Activation of caspase-3, but not caspase-8, 
was evidenced by fluorometric substrate assay. Pretreatment with caspase inhibitors did not 
block plumbagin-induced apoptosis. Alternatively, it is possible that plumbagin downregulated 
phosphoinositide 3-kinase activity through a negative feedback mechanism. In an orthotopic 
pancreatic tumor model, plumbagin markedly inhibited the growth of Panc-1 xenografts without 
any significant effect on leukocyte counts or body weight In conclusion of their study it was 
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mentioned that  Plumbagin may induce apoptosis in human pancreatic cancer cells primarily 
through the mitochondria-related pathway followed by both caspase-dependent and caspase-
independent cascades. It indicates that plumbagin can be potentially developed as a novel 
therapeutic agent against pancreatic cancer.  

         Yang et al ((37) reported that Plumbagin, derived from the plant Plumbago zeylanica, has 
been shown to chronically activate ERK1/2 and inhibit Akt activity in cancer cells. However, the 
acute effects of plumbagin on ERK1/2 and Akt activities remain unknown. In this study, we 
examined the effects of plumbagin on ERK1/2 and Akt activities in 3T3-L1 cells. Exposure of 
3T3-L1 cells to plumbagin generated superoxide and activated both ERK1/2 and Akt. The 
plumbagin-stimulated ERK1/2 and Akt activities were sensitive to an antioxidant NAC, 
superoxide dismutase mimetic MnTBAP, superoxide scavenger Tiron and NAD(P)H oxidase 
inhibitor DPI. Plumbagin-stimulated ERK1/2 activity was attenuated by the MEK1/2 inhibitor 
PD98059 and Ras inhibitor manumycin A, whereas plumbagin-stimulated Akt activity was 
blocked by the PI3K inhibitor LY294002. Both plumbagin-stimulated ERK1/2 and Akt activities 
were attenuated by PP2, a Src inhibitor. Interestingly, inhibition of phosphatidylinositol 3-kinase 
(PI3-kinase), but not Akt, activity leaded to attenuation of plumbagin-stimulated ERK1/2 
activity. These results suggest that plumbagin activates NAD(P)H oxidase, Src, and PI3K, and 
that the activated PI3K or PDK1 subsequently stimulate Akt and Ras-Raf-MEK1/2-ERK1/2 in 
3T3-L1 cells. 

             Zhao  and Lu (38)  studied investigated the effects of plumbagin on the proliferation, cell 
cycle and apoptosis of APL cell line NB4 Cells. Cell inhibitory rates were detected by MTT 
colorimetric assay; morphologic changes were observed under light microscope and transmission 
electron microscope; apoptosis-inducing effects were determined by DNA gel electrophoresis, 
annexin V/PI double-stained and PI single-stained flow cytometry. The results demonstrated that 
2-15 micromol/L plumbagin inhibited the proliferation of NB4 cells in a dose-dependent manner. 
The morphologic changes of cell apoptosis, such as chromsome condensation and apoptotic body 
formation, were observed by light microscope and transmission electron microscope. Cell cycle 
analysis showed that NB4 cells were blocked in G2/M phase of cell cycle. And plumbagin 
induced annexin V+/PI- cell increase and DNA fragmentation. There was a correlation between 
cell apoptosis rates and the concentrations of plumbagin in dose-dependent manner (P < 0.05). It 
was concluded that for the first time the this study shows that plumbagin can inhibit cell 
proliferation, block cell cycle and induce apoptosis of APL cell line NB4 cells.  

         Lin LC(39) isolated Two plumbagic acid glucosides, 3'-O-beta-glucopyranosyl plumbagic 
acid and 3'-O-beta-glucopyranosyl plumbagic acid methylester along with five naphthoquinones 
(plumbagin, chitranone, maritinone, elliptinone and isoshinanolone), and five coumarins (seselin, 
5-methoxyseselin, suberosin, xanthyletin and xanthoxyletin) from the roots of Plumbago 
zeylanica .. Cytotoxicity of these compounds to various tumor cells lines was evaluated, and 
plumbagin significantly suppressed growth of Raji, Calu-1, HeLa, and Wish tumor cell lines.  

         Jamal (40) reported that Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone) is a 
naphthoquinone derivative from the roots of plant Plumbago zeylanica and belongs to one of the 
largest and diverse groups of plant metabolites. The anticancer and antiproliferative activities of 
plumbagin have been observed in animal models as well as in cell cultures. Plumbagin exerts 
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inhibitory effects on multiple cancer-signaling proteins, however, the binding mode and the 
molecular interactions have not yet been elucidated for most of these protein targets. Their  study 
was the first attempt to provide structural insights into the binding mode of plumbagin to five 
cancer signaling proteins viz. PI3Kγ, AKT1/PKBα, Bcl-2, NF-κB, and Stat3 using molecular 
docking and (un)binding simulation analysis and validated plumbagin docking to these targets 
with previously known important residues. The study also identified and characterized various 
novel interacting residues of these targets which mediate the binding of plumbagin. Moreover, 
the exact modes of inhibition when multiple mode of inhibition existed was also shown. Iauthors  
concluded that  the engaging of these important interacting residues in plumbagin binding leads 
to inhibition of these cancer-signaling proteins which are key players in the pathogenesis of 
cancer and thereby ceases the progression of the disease.  

     Al – Jamal(41) assessed the effect of re-expression of SHP-1 on sensitivity to CEP-701 in 
resistant AML cells. Resistant cells harboring the FLT3-ITD were developed by overexposure of 
MV4-11 to CEP-701, and the effects of 5-Aza treatment were investigated. Apoptosis and 
cytotoxicity of CEP-701 were determined using Annexin V and MTS assays, respectively. Gene 
expression was performed by quantitative real-time PCR. STATs activity was examined by 
western blotting and the methylation profile of SHP-1 was studied using MS-PCR and 
pyrosequencing analysis. Repeated-measures ANOVA and Kruskal-Wallis tests were used for 
statistical analysis. Authors found the cytotoxic dose of CEP-701 on resistant cells was 
significantly higher in comparison with parental and MV4-11R-cep + 5-Aza cells (p = 0.004). 
The resistant cells showed a significant higher viability and lower apoptosis compared with other 
cells (p < 0.001). Expression of SHP-1 was 7-fold higher in MV4-11R-cep + 5-Aza cells 
compared to parental and resistant cells (p = 0.011). STAT3 was activated in resistant cells. 
Methylation of SHP-1 was significantly decreased in MV4-11R-cep + 5-Aza cells (p = 0.002) 
and concluded that study  findings support the hypothesis that, the tumor-suppressor effect of 
SHP-1 is lost due to epigenetic silencing and its re-expression might play an important role in re-
inducing sensitivity to TKIs. Thus, SHP-1 is a plausible candidate for a role in the development 
of CEP-701 resistance in FLT3-ITD+ AML patients. 

         Sharma et al (42)evaluated the in vitro anticancer activity of root extracts of  Plumbago 
zeylanica Linn. Collected from two different geographical areas  of  India  i.e.  Himalayas  
(Jammu  region)  and  Western  Ghats  (Belgaum region) against five different cancer cell lines. 
They examined Alcoholic, Hydroalcholic and Aqueous extracts  of  P. zeylanica and  anti-cancer  
activity  was performed using Sulphorodamine B assay (SRB). Hydroalcholic  extracts showed 
significant growth inhibition of HCT-15 cell line i.e. Colon cancer cells at  all  concentrations  as  
compared  to  alcoholic  and  aqueous  extracts  and  Aqueous  extracts inhibited the  growth of  
MCF-7 Breast  cancer cells  at 50,70  and 100 µg/ml  concentrations.  Comparison of  IC50 
values and  linearity of  the activity,  it was  observed that  the sample  of  Northern region 
(Jammu) has promising results as compared to the sample collected from the Southern region .     

           Sandur, et al (43) derived   Plumbagin, from Plumbago zeylanica, modulates cellular 
proliferation, carcinogenesis, and radioresistance, all known to be regulated by the activation of 
the transcription factor NF-kB, suggesting plumbagin might affect NF-kB activation pathway. 
They found that plumbagin inhibited NF-kB activation induced by TNF, and other carcinogens 
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and inflammatory stimuli (e.g; PMA, H2O2, cigarette smoke condensate, IL-1b, LPS, and OA). 
Plumbagin also suppressed the constitutive NF-kB activation in certain tumor cells. The 
suppression of NF-kB activation correlated with sequential inhibition of the TNF-induced 
activation of IkBa kinase, IkBa phosphorylation, IkBa degradation, p65 phosphorylation, p65 
nuclear translocation, and the NF-kB-dependent reporter gene expression activated by TNF, 
TNFR1, TRAF2, NIK, IKKb, and the p65 subunit of NF-kB. Plumbagin also suppressed the 
direct binding of nuclear p65 and of recombinant p65 to the DNA, and this binding was reversed 
by dithiothreitol both in vitro and in vivo. However, plumbagin did not inhibit p65 binding to 
DNA when cells were transfected with the p65 plasmid containing cysteine 38 residue mutated 
to serine. Plumbagin downregulated the expression of NF-kB-regulated anti-apoptotic (IAP1, 
IAP2, Bcl-2, Bcl-xL, cFLIP, Bfl-1/A1 and survivin), proliferative (cyclin D1 and COX-2), and 
angiogenic (MMP-9 and VEGF) gene products. This led to potentiation of apoptosis induced by 
TNF and paclitaxel and inhibited cell invasion. It was claimed that their results indicate that 
plumbagin is a potent inhibitor of the NF-kB activation pathway that leads to suppression of NF-
kB regulated gene products.  

        According to Xuejiao Liu(44) Plumbagin, a natural quinonoid constituent isolated from the 
root of medicinal plant Plumbago zeylanica L, has exhibited anti-tumor and anti-proliferative 
activities in various tumor cell lines as well as in animal tumor models. However, its anticancer 
effects and the mechanisms underlying its suppression of glioma cell growth have not been 
elucidated. Oncogenic transcription factor Fork head Box M1 (FOXM1) has garnered particular 
interest in recent years as a potential target for the prevention and/or therapeutic intervention in 
glioma, nevertheless, less information is currently available regarding FOXM1 inhibitor. Authors 
reported that plumbagin could effectively inhibit cell proliferation, migration and invasion and 
induce apoptosis of glioma cells. Cell cycle assay showed that plumbagin induced G2/M arrest. 
Interestingly, they found that plumbagin decreased the expression of FOXM1 both at mRNA 
level and protein level. Plumbagin also inhibited the transactivation ability of FOXM1, resulting 
in down-regulating the expression of FOXM1 downstream target genes, such as cyclin D1, 
Cdc25B, survivin, and increasing the expression of p21CIP1 and p27KIP1. Most importantly, 
down-regulation of FOXM1 by siFOXM1 transfection enhanced plumbagin-induced change in 
viability. On the contrary, over-expression of FOXM1 by cDNA transfection reduced 
plumbagin-induced glioma cell growth inhibition. Further investigation revealed that plumbagin 
inhibition of glioma cell growth was also evident in a nude mouse model. Taken together, these 
results suggest that plumbagin exhibits its anticancer activity partially by inactivation of FOXM1 
signaling pathway in glioma cells. Authors belived that their  findings indicate that plumbagin 
may be considered as a potential natural FOXM1 inhibitor, which could contribute to the 
development of new anticancer agent for therapy of gliomas.  

       Wei Yan et al (45) investigated the effects of plumbagin (PL), a naphthoquinone derived 
from the medicinal plant plumbago zeylanica, on the invasion and migration of human breast 
cancer cells.Human breast cancer MDA-MB-231SArfp cells were treated with different 
concentrations of plumbagin for 24 h. The effects of plumbagin on the migration and invasion 
were observed by a transwell method. The expressions of IL-1α, IL-1β, IL-6, IL-8, TGF-β, 
TNFα, MMP-2 and MMP-9 mRNA in MDA-MB-231SArfp cells were detected using Real-
Time PCR. MDA-MB-231SArfp cells were treated with plumbagin at different concentrations 
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for 45 minutes. The activation of STAT3 was detected by western blot. Following this 
analysis, STAT3 in MDA-MB-231SArfp cells was knocked out using specific siRNA. mRNA 
levels of IL-1α, TGF-β, MMP-2 and MMP-9 were then detected. Consequently, MDA-MB-
231SArfp cells were injected intracardially into BALB/c nude mice to construct a breast 
cancer bone metastatic model. The mice were injected intraperitoneally with plumbagin. Non-
invasive in vivo monitoring, X-ray imaging and histological staining were performed to 
investigate the effects of plumbagin on the invasion and migration of breast cancer cells in 
vivo.  They found that the in vitro results showed that plumbagin could suppress the migration 
and invasion of breast cancer cells and down-regulate mRNA expressions of IL-1α, TGF-β, 
MMP-2 and MMP-9. Western blotting demonstrated that plumbagin inhibited the activation 
of STAT3 signaling in MDA-MB-231SArfp cells. The inactivation of STAT3 was found to 
have an inhibitory effect on the expressions of IL-1α, TGF-β, MMP-2 and MMP-9. In 
vivo studies showed that plumbagin inhibited the metastasis of breast cancer cells and 
decreased osteolytic bone metastases, as well as the secretion of MMP-2 and MMP-9 by 
tumor cells at metastatic lesions.Authors concluded that Plumbagin can suppress the invasion 
and migration of breast cancer cells via the inhibition of STAT3 signaling and by 
downregulation of IL-1α, TGF-β, MMP-2 and MMP-9.  

          Raihan, et al (46) examined the antiproliferative activity of dried roots of P.zeylanica .. 
The methanolic root extract  at the dose of 20,0 and 40 mg kg-1(i.p) was evaluated for 
antiproliferative activity against Ehrlich Csarcinoma(EAC) cells in swiss albino mice .The 
experimental parameters like tumor cell count ,mean survival time and increase in life were 
evaluated to assess antiproliferative activity. The extract was administered intrapretoneally for 14 
consecutive days to EAC cell bearing group of mice .Bleomycin at the dose of   0.3   mg kg-1 
was used as positive control. It has been found that the root extract at the dose of 40mg kg-1 

day(i.p.) significantly (p <0.05) decreases tumor weight ,increases life span and reduces tumor 
cell growth rate in comparison to those of EAC bearing mice receiving no extract (negative 
control in a dose-dependant manner.  In vitro antioxidant and cytotoxic activity of the same 
extract were also assessed to link the finding with the strong anti proliferative activity.  
         Chen et al  (47) isolated Plumbagin (PLN) from P. zeylanica. Reaction of plumbagin with 
Cu(II) salt, afforded [Cu(PLN)(2)].2H(2)O (1). With 2,2'-bipyridine (bipy) as a co-ligand, PLN 
reacts with Cu(II) to give [Cu(PLN)(bipy)(H(2)O)](2)(NO(3))(2).4H(2)O (2). 1 and 2 were 
characterized by elemental analysis, IR, ESI-MS spectra. Their crystal structures were 
determined by single crystal X-ray diffraction methods. The in vitro cytotoxicity of PLN, 1 and 2 
against seven human tumour cell lines was assayed. The metal-based compounds exhibit 
enhanced cytotoxicity vs. that of free PLN, suggesting that these compounds display synergy in 
the combination of metal ions with PLN. The binding properties of PLN, 1 and 2 to DNA were 
investigated through UV-vis, fluorescence, CD spectra, and gel mobility shift assay, which 
indicated that 1 and 2 were non-covalent binding and mainly intercalated the neighboring base 
pairs of DNA. Authors concluded that  PLN, 1 and 2 exhibit inhibition activity to topoisomerase 
I (TOPO I), but 1 and 2 were more effective than PLN 
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          Siva Kumar et al (48) carried out investigation on plumbagin, an active principle in the 
roots of P.zeylanica used in Siddha and Ayurveda for various ailments.  16 mg/kg b.w. (LD(50)) 
was fixed as the maximum dose. Subsequent dose levels were fixed as 50% and 25% of LD(50) 
amounting to 8 mg and 4 mg/kg b.w., respectively, and given orally for 5 consecutive days in 1% 
Carboxyl Methyl Cellulose (CMC) to Swiss albino mice weighing 25-30 g. The micronucleus 
assay was also doneby these authors  in mouse bone marrow. Plumbagin was found to induce 
micronuclei at all the doses studied (4 mg/kg, 8 mg/kg, 16 mg/kg b.w.), and it proves to be toxic 
to bone marrow cells of Swiss albino mice. Animal treated with cyclophosphamide (40 mg/kg 
b.w.) served as positive control. In addition, glutathione S-transferase (GST) activity was 
observed in control, plumbagin (4 mg, 8 mg, 16 mg/kg b.w., respectively), and genotoxin-treated 
experimental group of animals. No significant change in GST activity was observed with 
plumbagin dose of 4 mg/kg b.w., whereas GST activity was significantly inhibited by higher 
doses of plumbagin (8 mg and 16 mg/kg b.w.) and cyclophosphamide. 

 

         Li J, et al (49) reported  that Gastric cancer (GC) is the fourth most common cancer and the 
second leading cause of cancer-related deaths in the world  and the current treatments include 
surgery and chemotherapy, either alone or in combination with radiotherapy, but the prognosis 
for patients with GC is usually poor. Authors emphasized that a safe and effective chemo-
preventive treatment for this malignant disease is urgently needed. They studied the effects and 
underlying mechanisms of plumbagin, a quinonoid constituent that is derived from the roots of 
the medicinal plant P. zeylanica, which exhibited potent anticancer properties against a number 
of cancers.  The in vitro study used the human GC cell line SGC-7901. • SGC-7901 cells were 
cultured in 30-mm dishes and treated with plumbagin at concentrations of 0, 5, 10, to 20 μmol/L. 
The cells were incubated with 10 μmol/L plumbagin for different amounts of time (0, 2, 4, 8, 12, 
and 24 h) in contact with the cancer cells. The cell viability was examined using a cell counting 
kit-8 viability assay, and the cell proliferation rate was determined using a 5-ethynyl-2'-
deoxyuridine incorporation assay. The cell cycle distribution was assessed by flow cytometry 
using propidium iodide staining, and Western blotting was used to assess the expression of BAX, 
BCL-2, and caspase-3 and to identify any downregulation in the activation of transcription 3 
(STAT3), protein kinase B (Akt), and extracellular signal-regulated kinase (ERK1/2).  The 
plumbagin concentrations of 5-20 mmol/L reduced the viability of the GC cells in a dependent 
manner. Plumbagin suppressed the expression of BAX, BCL-2, pro-caspase-3, and cleaved-
caspase-3. It also restrained the expression and phosphorylation of STAT3 and decreased the 
phosphorylation of Akt1 but did not change the total protein or phosphorylation levels of 
ERK1/2. Conclusions • Plumbagin inhibits cell apoptosis in human GC cells, and that effect may 
be related with its ability to suppress phosphorylation of STAT3 and Akt. Given those 2 effects, 
plumbagin may be a promising agent in the treatment of gastric cancer. 

       According to Cao et al (50) reported that ESCC is one of the deadliest cancers, and it 
requires novel treatment approaches and effective drugs. In their  study, they  found that 
treatment with plumbagin, a natural compound, reduced proliferation and survival of the 
KYSE150 and KYSE450 ESCC cell lines in a dose-dependent manner in vitro. The drug also 
effectively inhibited the viability of primary ESCC cells from fresh biopsy specimens. Further 
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authors mentioned that  plumbagin-induced mitotic arrest and massive apoptosis in ESCC cells. 
Notably, the drug significantly suppressed the colony formation capacity of ESCC cells in vitro 
and the growth of KYSE150 xenograft tumors in vivo. Authors observed that  exposure to 
plumbagin decreased both polo-like kinase 1 (PLK1) and phosphorylated protein kinase B (p-
AKT) expression in both ESCC cell lines. Enforced PLK1 expression in ESCC cells not only 
markedly rescued cells from plumbagin-induced apoptosis and proliferation inhibition but also 
restored the impaired AKT activity. Signal transducer and activator of transcription 3 (STAT3), a 
transcription factor of PLK1, was also inactivated in plumbagin-treated ESCC cells; however, 
the over expression of a constitutively activated STAT3 mutant, STAT3C, reinstated the 
plumbagin-elicited blockade of PLK1-AKT signaling in ESCC cells. Authors in conclusion 
stated that  these findings indicate that plumbagin inhibits proliferation and potentiates apoptosis 
in human ESCC cells in vitro and in vivo. Plumbagin may exert these antitumor effects by 
abrogating STAT3-PLK1-AKT signaling, which suggests that plumbagin may be a novel, 
promising anticancer agent for the treatment of ESCC.  
          Cytotoxicity of two plumbagic acid glucosides, 3'-O-beta-glucopyranosyl plumbagic acid 
and 3'O-beta-glucopyranosyl plumbagic acid methylester along with five naphthoquinones 
(plumbagin, chitranone, maritinone, elliptinone and isoshinanolone) to various tumor cells lines 
was evaluated by Nguyen (51)and reported that plumbagin significantly suppressed growth of 
Raji, Calu-1 HeLa, and Wish tumor cells lines. Compound b-sitosteryl-3b- glucopyranoside-ad-
O-palmitate isolated from Plumbago zeylanica showed cytotoxic activity against MCF7 and 
Bowes cancer cell lines. b-Sitosterol inhibited Bowes cell growth and plumbagin was cytotoxic 
against MCF7 and Bowes cells . 

Xu and Lu (52) revealed the mitochondrial pathway involved in plumbagin-induced apoptosis. 
And found  that the generation of ROS was a critical mediator in plumbagin-induced apoptosis, 
which would be abrogated completely by antioxidant, NAC. The anticancer effect of plumbagin 
was investigated in vivo using NB4 tumor xenograft in NOD/SCID mice. The incidence of 
formation, growth characteristics, body weight and volume of tumors were observed. The 
histopathologic examination of tumors and organs were made. The results noted by authors  
indicated  that intraperitoneal injection of plumbagin (2mg/kg body weight) daily for 3 weeks 
resulted to a 64.49% reduction of tumor volume compared with the control. Furthermore, there 
was no overt manifestation of toxicity such as weight loss, tissue damage and behavior change 
which appeared in Doxorubicin-treated mice (1mg/kg thrice a week).  
 

          Hiradeve et al (53)studied the anticancer study of  ethanolic extract of plumbago zeylanica 
(EEPZ)  and reported that administration of EEPZ reduces the tumour volume, packed cell 
volume and viable tumour cell count in a dose dependant manner when compared to EAC 
control mice. In EAC control mice the median survival time was 22±0.25 days. Whereas, it was 
significant increased median survival time (24±0.33, 29±0.49) with different doses (100 and 200 
mg/kg) of EEPZ and standard drug respectively. The mean survival time and effect of EEPZ 
(100mg/kg, 200mg/kg) at different doses on tumour volume, viable and non viable cell count, 
are shown in table 2 and 3. EEPZ at the dose of 100 and 200 mg/kg the haemoglobin content in 
EAC bearing mice were increased to 10.6±0.057and 11.45±0.057.The haemoglobin contents in 
the EAC control mice (9.8± 0.02) was significantly decreased as compare to normal mice 
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(12.85± 0.25). The total WBC count was significantly higher in the EAC treated mice when 
compared with normal mice. Whereas EEPZ treated mice significantly reduced the WBC count 
as compared to that of control mice. Significant changes observed on differential count when 
extract treated mice compared with EAC control mice.  
 
         Gopinath et al (54) investigated  the molecular mechanism of Ag NP mediated cytotoxicity 
in both cancer and non-cancer cells and find that optimum particle concentration leads to 
programmed cell death in vitro.Tthe benefit of the cytotoxic effects of Ag NPs was tested for 
therapeutic use in conjunction with conventional gene therapy. The synergistic effect of Ag NPs 
on the uracil phosphoribosyltransferase expression system sensitized the cells more towards 
treatment with the drug 5-fluorouracil. Induction of the apoptotic pathway makes Ag NPs a 
representative of a new chemosensitization strategy for future application in gene therapy. 
          Gomathinayagam et al(55) reported that Lung cancer is the leading cause of cancer-related 
deaths in the United States. Prevailing treatment options have limited therapeutic success in lung 
cancer, particularly non-small cell lung cancer (NSCLC), as it becomes resistant to therapy. 
Hence, better therapeutic options are immediately required for lung cancer. Plumbagin, a natural 
compound has been recently examined for its anticancer effect on different cancers. Viability, 
apoptotic, Western blot and reporter assays were performed to determine the anticancer effect of 
plumbagin on NSCLC cell lines H460 and A549, cell . According to authors Plumbagin 
significantly inhibited the growth of H460 cells compared to A549 cells, and down-regulated the 
expression of EGFR/Neu and its downstream signaling (Akt, NF-kappaB, Bcl-2 and survivin) in 
H460 cells. In addition, plumbagin up-regulated the expression of p53 and p21(CIP1/WAF1) 
causing cell cycle arrest in the G2/M-phase by down-regulating G2/M regulatory proteins 
(cyclinB1 and Cdc25B) in H460 cells. Furthermore, it activated the JNK/p38 signaling, leading 
to caspase-3 activation resulting in the induction of apoptosis and concluded that Plumbagin 
exerted anticancer activity on NSCLC cells by modulating the pro-survival and pro-apoptotic 
signaling that causes induction of apoptosis. 

            Messeha  et al (56) investigated the anticancer effects of the natural product plumbagin 
(PL) on racially different TNBC cells. The PL effects were examined in two TNBC cell lines: 
MDsA-MB-231 (MM-231) and MDA-MB-468 (MM-468), representing Caucasian Americans 
and African Americans, respectively. The results obtained indicate that PL inhibited cell viability 
and cell proliferation and induced apoptosis in both cell lines. Notably, MM-468 cells were 5-
fold more sensitive to PL than MM-231 cells were. Testing PL and Taxol® showed the 
superiority of PL over Taxol® as an antiproliferative agent in MM-468 cells. PL treatment 
resulted in an approximately 20-fold increase in caspase-3 activity with 3 μM PL in MM-468 
cells compared with an approximately 3-fold activity increase in MM-231 cells with 8 μM PL. 
Moreover, the results indicate a higher sensitivity to PL in MM-468 cells than in MM-231 cells. 
Authors observed that PL downregulated CCL2 cytokine expression in MM-468 cells by 30% 
compared to a 90% downregulation in MM-231 cells. The ELISA results confirmed the array 
data (35% vs. 75% downregulation in MM-468 and MM-231 cells, respectively). Moreover, PL 
significantly downregulated IL-6 and GM-CSF in the MM-231 cells. Indeed, PL repressed many 
NF-қB-regulated genes involved in the regulation of apoptosis, proliferation, invasion, and 
metastasis. The compound significantly downregulated the same genes (BIRC3, CCL2, TLR2, 
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and TNF) in both types of cells. However, PL impacted five more genes in MM-231 cells, 
including BCL2A1, ICAM1, IKBKE, IL1β, and LTA. And concluded that  the data obtained in  
study indicated that the quinone compound PL could be a novel cancer treatment for TNBC in 
African American women. 

Conclusion 

         The scientific researches as evidence compiled  in this review  showed that Plumbago 
zeylanica L. has great potential to be integrated into conventional medical practice for the cancer 
treatment and other disease complications. It is the most important medicinal plant extensively 
used in herbal formulations. P. zeylanica is chemically rich with its diverse content of active 
compounds, such as plumbagin, chitranone, zeylanone and many useful naphthaquinone 
constituents as a multi-purpose medicinal agents It is hoped that this review will provide 
valuable information for ongoing explorations of this fascinating species and its active 
phytochemicals like Plumbagin. The traditional systems of medicine have been utilizing 
Plumbago zeylanica Linn for a variety of treatments. It is an important herb in the Indian and 
Chinese traditional medicine systems for over 3000 years. The present review  highlights 
comprehensive information about anticancer efficacy of this plant and explore its usefulness  for 
human health. 
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