
Neem components as potential agents for cancer prevention and 
treatment

Fang Hao, Sandeep Kumar, Neelu Yadav, and Dhyan Chandra*

Department of Pharmacology and Therapeutics, Roswell Park Cancer Institute, Elm and Carlton 
Streets, Buffalo, NY 14263, USA

Abstract

Azadirachta indica, also known as neem, is commonly found in many semi-tropical and tropical 

countries including India, Pakistan, and Bangladesh. The components extracted from neem plant 

have been used in traditional medicine for the cure of multiple diseases including cancer for 

centuries. The extracts of seeds, leaves, flowers, and fruits of neem have consistently shown 

chemopreventive and antitumor effects in different types of cancer. Azadirachtin and nimbolide 

are among the few bioactive components in neem that have been studied extensively, but research 

on a great number of additional bioactive components is warranted. The key anticancer effects of 

neem components on malignant cells include inhibition of cell proliferation, induction of cell 

death, suppression of cancer angiogenesis, restoration of cellular reduction/oxidation (redox) 

balance, and enhancement of the host immune responses against tumor cells. While the underlying 

mechanisms of these effects are mostly unclear, the suppression of NF-κB signaling pathway is, at 

least partially, involved in the anticancer functions of neem components. Importantly, the anti-

proliferative and apoptosis-inducing effects of neem components are tumor selective as the effects 

on normal cells are significantly weaker. In addition, neem extracts sensitize cancer cells to 

immunotherapy and radiotherapy, and enhance the efficacy of certain cancer chemotherapeutic 

agents. This review summarizes the current updates on the anticancer effects of neem components 

and their possible impact on managing cancer incidence and treatment.
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1. Introduction

Neem (Azadirachta indica) is a fast-growing evergreen tree, and is resistant to drought and 

high temperature. It is native to semi-tropical and tropical climates and found in countries 

such as India, Pakistan, and Bangladesh [1–3]. It is consumed as a vegetable in some parts 

of the Asian subcontinent but mostly used as traditional medicine for centuries to cure 

multiple human diseases and illnesses [4,5]. For example, neem components have been 
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shown to have antifungal, anthelmintic, antibacterial, antiviral, anti-diabetic, contraceptive, 

and sedative effects [4,5]. Apart from aforementioned properties, findings from laboratory 

research suggest that the components of neem possess potent anticancer effects [3,6]. 

Studies of extracts from all major parts of neem plant including leaves, flowers, fruits, and 

seeds, have shown promising chemopreventive and therapeutic effects in pre-clinical 

research [3]. The underlying mechanisms of such anticancer effects of neem have begun to 

unravel with accumulating studies.

Cancer cells are characterized by a number of hallmarks, including excessive cell growth, 

reprogramming of energy metabolism that supports the uncontrolled proliferation, 

immortality, resistance to cell death, induction of angiogenesis, the ability to invade and 

metastasize to distant sites, and suppression of immune response against tumor cells [7–9]. 

As illustrated in Fig. 1, preclinical studies have shown compelling evidence suggesting that 

the anticancer effects of neem are mediated through modulation of multiple cellular 

processes [3]. Neem components inhibit proliferation, induce apoptosis and other forms of 

cell death, and reduce cellular oxidative stress (Fig. 1). The expression of genes regulating 

multiple cellular processes is altered in response to neem leaf extract (NLE) in carcinogen-

induced hamster buccal pouch (HBP) model [10]. Tumor microenvironment plays an 

essential role in angiogenesis and metastasis. Tumor cells possess the ability to modulate 

their surrounding environment (or microenvironment), which stimulates inflammation, 

facilitates cell invasion, and induces angiogenesis [8,11,12]. Therefore, tumor 

microenvironment plays essential roles in the onset and progression of tumors. Interestingly, 

neem components appear to modulate tumor microenvironment via a number of mechanisms 

including attenuation of angiogenesis and enhanced cytotoxicity of the immune system. For 

example, in vitro study suggests that proliferation and migration of human endothelial cells 

were inhibited by NLE, which results in attenuated angiogenesis in the tumor 

microenvironment [13]. In addition, neem extracts show selective cytotoxicity towards 

cancer cells compared to normal cells, which has significance in reducing toxicity during 

cancer therapy [14–16].

Neem extracts are prepared using a variety of different solvents including ether, petrol ether, 

ethyl acetate, and diluted alcohol. Therefore, the spectrum of bioactive components and the 

percentage of individual components in the extract vary depending on the process of 

extraction. This variance is likely to affect the accuracy of data interpretation and 

comparisons across multiple studies using neem extract. Since most researchers use such 

solvent-extracted mixture of neem components to study its effects on cancer, the 

involvement of individual components and their respective functions are not well 

understood. Few bioactive components have been studied extensively, which include 

azadirachtin and nimbolide. Azadirachtin is a secondary metabolite of neem and mainly 

concentrated in neem seeds [4,17]. Due to the complexity of its structure, the first synthesis 

of azadirachtin was not accomplished until 22 after its discovery [17]. Nimbolide was first 

isolated from the leaves and flowers of neem, but later it was also found in the other parts of 

the tree [6]. Understanding the effects of individual components will facilitate the 

development of therapies involving single agent or combinatorial treatment regimens. The 

anticancer actions of neem extracts and individual components are summarized in Table 1.
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2. Neem components inhibit cancer cell proliferation

Uncontrolled cancer cell growth and proliferation are one of the fundamental hallmarks in 

cancer and play important role in the development of tumor and cancer metastasis [7,8]. 

Therefore, inhibiting the growth of tumor cells is a common feature of many 

chemopreventive and therapeutic agents. Extracts of neem suppress the proliferation and 

growth of tumor cells through disruption of cell cycle progression. For example, neem seed 

oil inhibits growth of HeLa cervical cancer cells [14], and NLE shows proliferation-

inhibitory effects in prostate cancer cells [18,19]. Interestingly, the androgen-dependency 

status fails to modulate anti-proliferative effects of NLE in prostate cancer cells. For 

example, neem extract disrupts proliferation of both androgen-dependent and -independent 

prostate cancer cells [18,19]. Since androgen-refractory prostate cancer cells are more 

resistant to apoptosis and lead to prostate cancer recurrence, treatment with active 

components of neem may provide therapeutic benefits to patients with recurrent prostate 

cancer. Similar to lack of androgen dependency, the anti-proliferative effects of neem are 

consistent in both estrogen-dependent and -independent breast cancer cells [20].

Cell cycle progression is tightly controlled by a complex network of regulatory proteins 

including cyclins, cyclin-dependent kinases (CDKs), CDK inhibitors (CKIs), cell cycle 

checkpoint proteins, and transcription factors such as E2F [8,21,22]. Studies on the effects 

of neem or its components on cell cycle and proliferation of tumor cells have identified 

multiple target proteins. For example, treatment of HeLa cells with azadirachtin decreases 

the levels of cyclin B and cyclin D1, and induces the expression of CKI p21, which 

collectively led to G0/G1 cell cycle arrest [23]. Analysis of cell cycle distribution in 

nimbolide-treated colon carcinoma cells revealed that this active neem component induces 

both G0/G1 and G2/M arrest accompanied by alterations in cyclins, CDKs and CKIs 

[24,25]. Additional nimbolide targets for G2/M cell cycle checkpoint proteins are CHK2 and 

Rad17 [24]. Although detailed mechanisms are unknown, nimbolide disrupts cell cycle 

progression, and thus inhibits proliferation of HeLa [23], breast cancer [20], 

choriocarcinoma [26], lymphoma [27], leukemia and melanoma cells [27]. Additional neem 

components that have been characterized show similar suppressive effects on the growth and 

proliferation of tumor cells. For example, treatment with NLE or neem-derived gedunin 

decreases proliferation of pancreatic or ovarian cancer cells, respectively [28]. The subsets 

of differentially regulated genes induced by gedunin, identified by bioinformatics analysis, 

encode proteins involved in cell cycle control as well as other cellular processes. 

Interestingly, the combination of gedunin and cisplatin further decreases the proliferation of 

treated ovarian cancer cells by almost 50% compared to the cells treated with cisplatin alone 

[28]. These findings suggest the possibility that gedunin and other potential neem 

components could enhance the efficacy of chemotherapeutic agents, and such combinatorial 

therapy may offer additional benefits.

In vivo studies of neem extracts or components show significant anticancer properties, 

confirming the clinical relevance of the in vitro findings. NLE inhibits the process of 

carcinogenesis in carcinogen 7,12-dimethylbenz[a]anthracene (DMBA)-induced HBP 

mouse model, which is accompanied by decreased expression of proliferating cell nuclear 
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antigen (PCNA) and upregulation of cytokeratin, suggesting that neem components suppress 

proliferation and induce differentiation, respectively [10,29].

3. The effects of neem components on cancer cell death

Besides inhibiting cancer cell proliferation, neem components exert anticancer effect by 

induction of apoptosis as well as other forms of cell death including autophagy. Extracts 

from seeds and leaves of neem induce apoptosis in different types of cancer cells such as 

leukemia [16, 30], prostate [18,31,32], cervical [23], colon [32], stomach [33], and breast 

[20,32] as well as choriocarcinoma [26], and hepatocarcinoma cells [26]. These findings 

suggest a proapoptotic effect of neem extracts on a broad spectrum of cancer cell types. 

Similarly, the administration of individual neem components also induces cancer cell death. 

For example, nimbolide induces apoptosis in breast cancer [20], prostate cancer [34], 

hepatocarcinoma [26], cervical cancer [23], choriocarcinoma [26], colon cancer [25], 

lymphoma, leukemia, and melanoma cells [27]. Azadirachtin shows similar effect in 

cervical cancer cells [23]. An increasing number of less-characterized limonoids that have 

been recently isolated from different parts of neem also exhibited proapoptotic effects in 

leukemia and stomach cancer cells [16,33]. Consistent with the anti-proliferative effects of 

neem, its proapoptotic potentials are not affected by the hormone-dependent status in 

prostate cancer [19] and breast cancer cells [20].

Apoptosis occurs through the intrinsic mitochondrial pathway or the extrinsic pathway 

mediated by membrane-associated death receptors [35–37]. Neem limonoids induce 

apoptosis through the intrinsic pathway in prostate cancer and cervical cancer cells, 

accompanied by increased release of cytochrome c from mitochondria [23,32]. The 

mitochondrial release of cytochrome c is one of the initiating events during apoptosis via 

intrinsic apoptotic pathway [37,38]. This cytochrome c release is regulated by proapoptotic 

members (e.g. Bax and Bad) and antiapoptotic members of the Bcl-2 family (e.g. Bcl-2 and 

Bcl-xL). Thus Bcl-2 family proteins are important targets for exerting anticancer effects of 

neem in cancer cells. For example, neem-induced apoptosis in prostate cancer cells is 

mediated by the concurrent decrease of Bcl-2 and increase of Bax levels [31]. In addition, 

treatment with individual component nimbolide induces expression of Bad and Bax in breast 

cancer cells, while decreases the levels of Bcl-2 and Bcl-xL [20]. Similar pattern of 

modulation of Bcl-2 family proteins has also been observed upon nimbolide or azadirachtin 

exposure to cervical cancer cells [23], and in nimbolide treated choriocarcinoma cells [26]. 

Nimbolide and azadirachtin also induce expression of caspases while suppress antiapoptotic 

protein survivin in cervical cancer cells [23]. In addition to the well-characterized neem 

components, a newly-isolated neem limonoid, 2,3-dihydro-3α-methoxynimbolide, shows 

proapoptotic effects in stomach cancer cells through modulation of caspase activities 

accompanied by modulation of the ratio of Bax/Bcl-2 protein levels [33]. These findings 

demonstrate that neem components exert anticancer effects by modulating Bcl-2 family 

proteins, caspases, and additional regulatory proteins. Apoptosis or cell death is a very 

complex process involving multiple groups of protein, thus targeting multiple components in 

the apoptotic pathway is likely to improve the anticancer efficacy of neem components or 

extracts. Interestingly, neem-induced apoptosis occurs through a p53-independent 

mechanism in colon cancer cells, as loss of p53 fails to prevent neem-induced apoptosis 
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[32]. Since loss of p53 function is a common deficiency in majority of cancers, neem may 

provide unique clinical benefits compared to most chemotherapeutic agents that rely on p53 

function to induce apoptosis in tumor cells. Ionizing radiation-induced apoptosis is further 

enhanced by concurrent treatment of neuroblastoma cells with NLE [39]. This is likely due 

to the fact that the combination of neem extract and ionizing radiation enhances transcription 

of genes encoding proapoptotic proteins including Bak, Bax, and caspases to a greater extent 

compared to radiation alone. Neem limonoids also induce apoptosis through activation of 

the extrinsic apoptotic pathways in breast, colon, prostate, stomach, and leukemic cancer 

cells [16,20,32,33]. The extrinsic apoptotic pathway initiates with the binding of death 

receptors to cognate ligands and the recruitment of adaptor proteins, and converges with the 

intrinsic pathway at the activation of downstream executioner caspases [35,36]. 

Nevertheless, the modulatory effects of neem components on Bcl-2 family proteins are 

likely to further enhance death receptor-mediated apoptosis induced by neem components.

The general modulatory effects of neem extracts on the elimination of cancer cells are also 

highlighted by their capability to induce other forms of cell death, such as caspase-

independent apoptosis and autophagy. The release of apoptosis-inducing factor (AIF) from 

mitochondria translocates to cell nucleus, and subsequently, induces DNA fragmentation 

and chromatin condensation causing caspase-independent apoptosis [40,41]. Neem oil 

limonoids promote the release of mitochondrial AIF in addition to cytochrome c, and thus, 

also induces caspase-independent cell death in prostate cancer cells [32]. Autophagy is 

another form of programmed cell death that plays important roles in normal cell growth 

[42]. Emerging evidence suggests that deregulation of autophagy may also regulate 

tumorigenesis [43]. Reduced levels of autophagic activity are observed in transformed cells 

than normal cells, and autophagy may account for the cell death induced by certain 

therapeutic agents [42,44]. Our findings in prostate and colon cancer cells indicate that neem 

oil induces concomitant autophagy and apoptosis, both of which do not require p53 activity 

[32]. In addition, the two forms of cell death appeared to crosstalk through unknown 

mechanism(s) and inhibition of autophagy enhances elimination of cancer cells via apoptotic 

pathway [32]. Our studies also show increased expression of autophagy marker upon neem 

oil exposure in the presence of caspase inhibitor [32], suggesting that autophagy may also 

contribute to cell death during absence or inhibition of apoptosis. The close interconnection 

between apoptosis and autophagy is also supported by the findings that other natural 

compounds such as resveratrol enhances apoptosis upon autophagy inhibition [45].

The in vitro apoptosis-inducing property of neem in tumor cells has also been validated by 

in vivo studies. For example, treatment with NLE increases the rate of apoptosis in cancer 

tissues using 4T1 breast cancer mouse model [46]. In addition, NLE-induced inhibition of 

prostate cancer xenografts in nude mice is associated with the induction of tumor cell 

apoptosis, and reduction of prostate-specific antigen and tumor growth [18,47]. Studies of 

DMBA-induced HBP oral carcinogenesis model revealed that neem components or extracts 

induce a number of molecular events that are associated with the induction of apoptosis, 

including increased expression of Bim, Bax, Apaf-1, caspase 8 and caspase 3, inhibition of 

Bcl-2 expression, and increased PARP cleavage [10,29,48].
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Among the rich body of literature exploring the apoptosis-inducing effects of neem, a study 

published recently shows that one patient with chronic lymphocytic leukemia (CLL) 

demonstrated disease regression following oral administration of NLE [30]. To investigate 

the underlying mechanism of clinical efficacy, the authors studied the effects of NLE on the 

primary CLL cells derived from 41 patients. Treatment with NLE decreased the viability of 

CLL cells in a dose-dependent manner through inducing multiple forms of cell death, 

demonstrated by cleavage of PARP and caspases, inhibition of Bcl-2 and p53 expression, 

loss of mitochondrial membrane permeability, nuclear translocation of AIF as well as 

increased LC3-II levels [30].

4. Neem components modulate tumor immune environment

Among the several components of tumor microenvironment, immune system shows a 

potential monitoring role. Although immunomodulating effects of neem have been studied 

extensively using NLE, the effects of other parts of the plant including seeds and flowers on 

immune system have been modestly explored. NLE shows no cytotoxicity against Ehrlich 

carcinoma cells. Treatment with NLE prior to cancer cell inoculation in mice reduces tumor 

burden and improves survival [49,50]. Further studies elucidated that NLE suppresses tumor 

growth through augmentation of immune activities rather than direct effects on tumor cells. 

NLE not only restricts the proliferation of tumor cells but also induces apoptosis through 

stimulation of peripheral blood mononuclear cells (PBMCs) [51,52]. The profile of surface 

markers in the PBMC derived from both healthy individuals and patients with head and neck 

cancer are altered by NLE favoring active immune response [51]. Upon treatment with NLE, 

the monocytes in PBMC show increased expression of cluster of differentiation-40 (CD40), 

while CD56+ lymphocytes show increased expression of CD40 ligand (CD40L) [51]. The 

upregulation of CD40–CD40L stimulates macrophages to release higher level of 

interleukin-12 (IL-12). The increased expression of IL-2 leads to activation of natural killer 

(NK) cells by inducing perforin–granzyme B system in NK cells. NLE also stimulates the 

secretion of cytotoxic cytokines interferon-gamma (IFN-γ) and tumor necrosis factor-alpha 

(TNF-α) from PBMC [52]. The supernatant derived from these cells reduces the level of 

Bcl-2 but increases the level of caspase 3 in tumor cells causing higher apoptosis [52]. The 

growth inhibition of NLE-treated tumor cells also seems inhibited due to the downregulation 

of cyclin D1, through a mechanism independent of increased cytokine release [52].

The spleen is one of the most pivotal organs involved in immune regulation. It has been 

reported that the administration of NLE in mice not only increases the weight of the spleen 

but also enhances the activity of spleen macrophages evidenced by increased expression of 

activation marker CD44 [53]. The spleen cells derived from NLE-treated mice secrete 

higher levels of IFN-γ and TNF-α [49,54]. The number of NK cells, NK-T cells, CD4+ 

helper T cells, CD8+ cytotoxic T cells, and monocytes in the peripheral blood and spleen are 

also significantly elevated upon NLE exposure [49,50,53]. The increased expression of 

activation marker CD25 is induced in T cells and the expression of MAC-3 is elevated in the 

monocytes indicating macrophage differentiation due to NLE exposure [55]. In addition, 

PBMC and spleen mononuclear cells derived from these NLE-treated mice show greater 

cytotoxicity against Ehrlich’s carcinoma cells when co-incubated in vitro [49]. The tumor 

nodules of lung sarcoma and lymphosarcoma in the liver are reduced by NLE treatment in 
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Balb/c mouse model, which is most likely attributed to the cytotoxic effects of NLE-

enhanced immune responses in these mice [55].

NLE also improves the immunogenicity of vaccinations and may serve as vaccine adjuvant 

[54,56]. The surface antigen of B16 melanoma cell (B16MelSAg) is poorly immunogenic, 

and thus, not preferred as potential option for vaccination. In vivo studies have revealed that 

the addition of NLE to B16MelSAg vaccine stimulates the generation of B16MelSAg-

targeting antibody and induces antibody-dependent cellular cytotoxicity (ADCC) against 

tumor cells presenting B16MelSAg [54]. Such ADCC effects have been consistent between 

in vitro and in vivo studies. Enhanced immunogenecity induced by vaccine–NLE 

combination inhibits growth of B16 melanoma tumor in mice to a greater extent compared 

to vaccine alone [54]. Similar to B16MelSAg, breast tumor associated antigen (BTAA), a 

surface antigen with low immunogenicity, is detected specifically in breast cancer cells and 

tumors. BTAA-immunized mice and rats both had increased production of IgG and 

decreased IgM antibodies upon the administration of NLE [56]. The antibodies generated in 

these animals induce ADCC and cytotoxic T cell response against BTAA-positive MCF-7 

cells, while the antibodies generated in the animals immunized with BTAA alone showed 

little cytotoxic effects [56]. Co-immunization with BTAA and NLE also induced IFN-γ 

secretion but decreased IL-10 release from spleen cells, which indicates the induction of a T-

helper (Th) 1 response [56]. Interestingly, the sera of mice treated with NLE show 

significant reactivity with carcinoembryonic antigen (CEA), likely due to the presence of 

proteins in NLE that shares homology with CEA molecule [57]. NLE treated mice sera 

recognize CEA expressed on human colorectal cancer tissues as effectively as CEA 

monoclonal antibody [57].

Studies suggest that one of the effective components in NLE responsible for its immune 

activating effects is a glycoprotein [58]. Neem leaf glycoprotein (NLGP) mitigates 

deficiencies of the immune system in tumor-bearing hosts through a complex network of 

actions. Consistent with the effects of NLE, the administration of NLGP in mice and rats 

increases the count of CD4+ helper T cells, CD8+ cytotoxic T cells, and monocytes [59]. In 

addition, DX5+ NK cells, CD11b+ macrophages, and CD11c+ dendritic cells (DCs) are also 

increased in these animals [59]. Generation of IgG in vivo, IgG2a in particular, is also 

enhanced by NLGP [59]. NLGP also induces maturation of DCs as effectively as well-

known DC maturation inducer lipopolysaccharides (LPS) as evidenced by comparable 

upregulation of CD83, CD80, CD86, CD40 and major histocompatibility complexes 

(MHCs) [60]. NLGP-matured DCs subsequently induce the expression of CD28 and CD40 

on T cells, thus promoting the interaction between DCs and T cells [60]. NLGP also induces 

the expression of early activation marker CD69 on lymphocytes, monocytes, and DCs [61]. 

An increase in CD45RO+ memory T cells accompanied by a reduction of CD45RA+ 

CD62L+ naive T cells has also been observed in response to NLGP exposure [61]. Activated 

T cells release elevated level of signature Th1 cytokine IFN-γ but lower level of Th2 

cytokine IL-4, resulting in a type 1 (Th1) immune microenvironment [59–61]. DCs and 

monocytes are similarly biased towards Th1 immunity, with induction of IL-12 and TNF α, 

and suppression of IL-10 expression [61]. Transcription factor T-bet-associated with Th1 

immune responses is also induced by NLGP in peripheral immune cells [61]. In vitro 

treatment of matured DCs isolated from patients with stage IIIB cervical cancer (CaCx IIIB) 
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with NLGP demonstrates cytokine release profile biased towards Th1 immune response and 

activated cytotoxic T lymphocytes [62]. The consistency between the in vivo immune 

activating actions of NLGP and NLE thus confirms that NLGP is, at least partially, 

responsible for the immunomodulating functions of NLE.

Regulatory T cells (Tregs) are inherited subpopulation of T cells that suppress the immune 

system in order to prevent excessive immune reactions and autoimmunity. However, the 

development of tumors involves marked increase of Tregs as a mechanism to suppress the 

immune activity against tumor cells in the host and is associated with worse prognosis in 

cancer patients [63]. While there is a report showing no effect of NLGP on the number of 

CD4+CD25+Foxp3+ Tregs [59], downregulation of FoxP3+ Tregs has been observed upon 

NLGP treatment in another study [61]. On the other hand, NLGP impairs the functions of 

Tregs through modulation of key proteins without direct cytotoxic effects as elaborated 

below [64]. Tregs isolated from CaCx IIIB patients stimulate the overexpression of 

immunosuppressive protein indoleamine 2,3 dioxygenase (IDO) by the DCs from the same 

host [65]. Even in the presence of LPS, Tregs prevent tolerogenic DCs overexpressing IDO 

from maturation [65]. Interestingly, the addition of NLGP in the co-culture of DCs and 

Tregs derived from CaCx IIIB patients suppresses the expression of cytotoxic T-lymphocyte 

antigen 4 (CTLA4) on Tregs [65]. Thus NLGP-induced modulation of Tregs associates with 

inhibition of IDO overexpression and induction of optimal maturation of DCs [65]. NLGP 

also down-regulates the expression of transcription factors FoxP3, CTLA4 and TNF 

receptor GITR that play important roles in immune suppression by Tregs [64]. The 

interactions between transcription factors FoxP3, p-NFATc3, and p-Smad2/3 were also 

inhibited following NLGP exposure [64]. IFN-γ secretion, cellular proliferation, and tumor 

cell cytotoxicity of effector T cells are enhanced by NLGP, thus restoring the functions of 

effector T cells that were impaired by Tregs [64]. NLGP also increases the levels of IFN-γ 

and IL-12 and causes decreased expression of IL-10, transforming growth factor (TGF-β), 

vascular endothelial growth factor (VEGF) and IDO, creating a hostile microenvironment 

for the tumor [64].

Deregulations in signaling pathway mediated by chemokines and their receptors, which 

mitigated the migration of PBMC, have been observed in head and neck carcinomas [66,67]. 

In vitro NLGP treatment of PBMC isolated from these patients upregulates CXCR3A, a 

marker of innate immune cells, and suppresses CXCR3B, thus rectifying the deregulation of 

CXCR3 expression [66]. The secretion of CXCL10, the CXCR3 ligand, by these PBMCs is 

also been increased by NLGP [66]. Consistent with the involvement of CXCR3A–CXCL10 

axis in the migration of PBMC, NLGP enhances the migration of these cells towards 

chemoattractants [66]. The growth of head and neck carcinoma in mice is restricted by 

NLGP through immunomodulation [66]. In addition, the expression of CCR5 and secretion 

of its ligands, including regulated on activation normal T cell expressed and secreted 

(RANTES) and macrophage inflammatory proteins (MIP-1α and MIP-1β) from 

macrophages/monocytes in the peripheral blood from the patients with head and neck 

carcinomas are restored following treatment with NLGP [67]. The levels of these proteins 

are also increased by NLGP treatment in the macrophages/monocytes derived from healthy 

individuals. Therefore, the migration of these macrophages/monocytes towards standard 

chemo attractant, which depends on CCR5 chemotaxis, is enhanced by NLGP [67]. CCR5+ 
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monocytes also express greater level of molecules stimulatory to T cell activation, including 

class 1 human leukocyte antigen (HLA) and T-cell surface receptor ligand CD80 [67]. In 

vitro experiment suggests that interaction with these CCR5+ monocytes improved the 

cytotoxic efficacy of effector T cells against cancer cells [67]. However, NLGP shows little 

effect on the expression of CCR5 and ligands (RANTES, MIP-1α and MIP-1β) in oral 

cancer cells [67]. In contrast, NLGP down-regulates the expression of CXCR4 and its ligand 

CCL22, which attenuates the migration of Tregs at the site of tumor [64].

NLGP-matured DCs show both humoral and cellular immune responses against CEA 

following immunization [68]. NLGP-induced maturation of DCs improves the uptake and 

processing of CEA by DCs and enhances antigen presentation to B and T cells. Therefore, 

the generation of CEA specific antibody, mainly IgG2a, is effectively stimulated [68]. T cell 

proliferation, IFN-γ secretion, and cytotoxicity against CEA+ colon tumor cells are also 

enhanced by NLGP [68]. Adoptive cell transfer in mice prevents the formation of tumors 

following two subsequent tumor inoculations, attributing to strong antibody response and 

CEA-specific T cell cytotoxicity [68]. Generation of effector memory T cells in these mice, 

evidenced by CD44 upregulation and CD62L reduction on lymphocytes is likely involved in 

protecting the animals from the second tumor inoculation [68]. In addition, CEA 

immunization plus NLGP treatment similarly activates macrophages and stimulates Th1 

immune response, consistent with the observations in DCs [69,70]. The expression levels of 

CD19 on B cell surface and CD11b on macrophages are significantly increased by CEA 

immunization with NLGP adjuvant both in vitro and in mice, which may associate with 

enhanced immunity [69]. Interestingly, these macrophages show increased production of 

nitric oxide, which turns out to be interdependent with induced Th1 immunity in these cells 

[70].

5. The effects of neem components on metabolizing enzymes

The metabolism of xenobiotics including carcinogens, and maintenance of cellular 

reduction/oxidation (redox) are carried out by drug metabolizing enzymes. Due to these 

properties, their expression and activities are effective targets for therapeutic agents [71]. 

Phase I reaction often transforms xenobiotics into reactive intermediates, and these 

intermediate products are further modified by phase II metabolic enzymes. Both phase I and 

II metabolizing enzymes could be modulated by neem extracts, leading to decreased 

carcinogen genotoxicity, and balanced redox level. In vitro Ames test showed that neem oil 

alleviates the mutagenicity of carcinogens DMBA and mitomycin [72]. The formation of 

bone marrow micronuclei induced by DMBA or N-methyl-N’-nitro-N-nitrosoguanidine 

(MNNG) is decreased by NLE [55,68]. Consistent with its effect on reducing genotoxicity, 

NLE decreases the incidence of tumors in animals exposed to different carcinogens [73–77].

Cellular reactive oxygen species (ROS), produced mainly through mitochondrial respiratory 

chain reactions, serve as an important signaling molecule in modulation of cell proliferation 

and survival [78–81]. However, excessive cellular ROS damage the cellular macromolecules 

such as protein, lipid, and DNA. Increased ROS production beyond physiological level can 

be caused by deregulated metabolism and mitochondrial dysfunction, and is associated with 

aging and chronic diseases like cancer [78–82]. Therefore, control of cellular ROS levels 
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and redox balance effectively prevents oxidative stress-induced damage and decreases 

cancer incidence [83,84]. Dietary supplement of neem flowers in rats represses most phase I 

reactions, especially those involved in the metabolic activation of carcinogens, and increases 

the activity of phase II enzyme glutathione-S-transferase (GST) [85]. GST is one of the most 

important anti-oxidant phase II enzyme families, and it conjugates the substrate with 

reductive glutathione and reduces the cellular oxidative levels. In contrast to neem flowers, 

NLE shows no significant effect on phase I enzymes but only induces a number of 

antioxidant phase II enzymes in treated mice [86]. In vitro treatment with neem extract 

induces the expression of glutathione S-transferase-pi (GSTPi) in tumor cell lines as well as 

in human peripheral blood lymphocytes [87]. The levels of glutathione in liver and 

extrahepatic organs have been found elevated by NLE treatment [88]. The incidence of 

benzo(a)pyrene-induced stomach tumors and DMBA-induced skin papillomas are both 

significantly reduced in these NLE-treated mice. Tumor burden is also significantly 

decreased in both mouse models [88]. Consistent modulations on metabolic enzymes and 

cellular redox level are also observed in DMBA-induced rat mammary carcinogenesis model 

[73], MNNG-induced carcinogenesis model [76], and DMBA-induced HBP oral 

carcinogenesis model [74–76]. Protein oxidation, and lipid oxidation and peroxidation as 

indicators of cellular oxidative status are decreased by NLE in the liver, blood circulation, 

and tumor tissues in mice [73–77,88]. Interestingly, different fractions of NLE show 

differing antioxidant potential and free radical scavenging activities, likely due to the 

difference in bioactive components in each fraction. The ethyl acetate fraction of neem leaf 

shows the highest potential, followed by the methanolic extract, and the crude ethanolic 

extract showed the least potential [74].

It is noteworthy that the antioxidant effects of neem may be context dependent and there are 

discrepancies between different studies that need to be resolved. In vitro studies showed that 

treatment with azadirachtin or nimbolide increases the total cellular ROS level in human 

choriocarcinoma and cervical cancer cells [23,26]. Since extremely high level of cellular 

ROS causes excessive cell damage, resulting in the elimination of defective cells through 

apoptosis, it is possible that neem-induced ROS generation in these cells is associated with 

their increased apoptosis rate [23,26]. Intake of NLE in rats also stimulates the production of 

ROS in oocytes, which is associated with increased apoptosis in these cells [89].

6. Neem components inhibit tumor invasion and angiogenesis

Tumor creates a favorable microenvironment that induces angiogenesis and facilitates cell 

invasion in order to promote continued tumor growth and metastasis [8,11,12]. Therefore, 

targeting these events will impede the progression of tumorigenesis. Although detailed 

mechanisms remain unclear, findings from the studies on DMBA-induced HBP 

carcinogenesis model suggest that NLE inhibits angiogenesis [74]. Other studies shed light 

on the potential anti-angiogenic mechanisms of neem components. For example, studies in 

rat model show that ethanolic fraction of neem leaf downregulates angiogenic protein 

VEGF-A, thus causing inhibition of angiogenesis in chemical carcinogen-induced mammary 

tumorigenesis [90]. NLE inhibits migration of human endothelial cells resulting in 

attenuation of angiogenesis [13]. An in vitro study showed that nimbolide reduces 

angiogenesis through repressing the promoter activity and expression of VEGF [25]. The 
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migration and invasion of colon cancer cells are attenuated through inhibition of 

metalloproteinase-2/9 (MMP-2/9) expression at mRNA and protein levels [25].

Consistent with the notion that different subgroups of neem components are likely to have 

distinct anticancer actions, the ethyl acetate fraction (EAF) of neem leaf shows greater anti-

angiogenic effects compared to the methanolic extract of neem leaf, reflecting the unique 

composition and bioactivity of each fraction [74]. Similarly, comparison of azadirachtin and 

nimbolide showed that both agents prevent DMBA-induced HBP carcinogenesis through 

similar mechanisms including inhibition of angiogenesis, suppression of proliferation, 

induction of apoptosis, and reduction of oxidative stress. However, nimbolide appears to be 

more effective in modulating these molecular events and shows higher chemopreventive 

potency compared to azadirachtin [91]. Therefore, understanding the anticancer actions of 

individual neem bioactive components is necessary for the development of more effective 

agents for chemopreventive dietary supplements and therapeutic advantage.

7. Additional anticancer mechanisms of neem components

Neem extracts or components improve the genome stability and reduce accumulation of 

carcinogenic DNA mutations. Neem extract increases the cellular level of O6-

methylguanine-DNA methyltransferase (MGMT) as well as its demethylation activity in 

peripheral blood lymphocytes and cancer cells [87]. Since MGMT is responsible for the 

repair of O6-alkylguanines, DNA lesions that occur naturally or induced by alkylating 

agents enhance the function of MGMT, which likely reduces carcinogenic mutations and 

maintains genome stability.

Interestingly, NLE also shows cancer type specific anticancer activities. A recent study 

found that specific extract of neem leaf suppressed hormone-induced androgen receptor and 

prostate specific antigen (PSA) in prostate cancer cells [47]. They further showed that oral 

administration of this extract decreases the level of PSA in mice and significantly reduces 

the growth of prostate tumor xenograft. In parallel to the findings in prostate cancer, 

immunohistochemical analysis of DMBA-induced rat mammary gland tumors showed that 

NLE treatment down-regulates the levels of estradiol and estrogen receptors, indicating an 

anticancer mechanism specific for breast cancer [73]. Consistent with the observations in 

other carcinogenesis animal models as described above, neem extract also shows general 

modulatory effects on drug metabolizing enzymes and cellular redox balance in these rats 

[73]. NLE generated using ethanol, methanol or ethyl acetate differs in their 

chemopreventive potency, likely due to the different profile of bioactive compounds in each 

fraction [73].

Comparison of healthy individuals with colon cancer patients suggests that the cancer 

patient sera possess increased level of total sialic acid (TSA) normalized to total proteins 

[92]. Consistent with the correlation between TSA level and colon cancer, subcutaneous 

injection of dimethylhydrazine (DMH) in rats results in 100% incidence of colon cancer, 

accompanied by significantly elevated level of TSA in the blood [93]. The administration of 

NLE to these rats effectively reduces the TSA level as well as cancer incidence [93].
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Azadirachtin and nimbolide prevent DMBA-induced HBP carcinogenesis similarly through 

suppression of proliferation, induction of apoptosis, decrease of oxidative stress, and 

inhibition of angiogenesis. However, nimbolide seems more effective in modulating these 

molecular events and shows higher chemopreventive potency compared to azadirachtin [91]. 

Therefore, knowledge of individual bioactive component in NLE is necessary for the 

development of more effective agents for chemopreventive dietary supplements and 

therapeutic advantage.

8. The effects of neem components on NF-κB signaling

Nuclear Factor-κB (NF-κB) is one of the most studied transcription factor families, which 

regulates the transcription of the genes involved in proliferation, survival, migration, 

inflammation, angiogenesis, and virtually every cellular process [94]. Increased activity or 

constitutive activation of NF-κB signaling is observed in most types of cancer and plays an 

important role in carcinogenesis. Therefore, inhibition of NF-κB activity is a common 

anticancer mechanism of many therapeutic agents and natural compounds. Studies have 

revealed that neem extracts or components suppress NF-κB signaling, thus potentially 

contributing to its chemopreventive and therapeutic effects. NF-κB is constitutively 

expressed and restrained in the cytosol by inhibitor of NF-κB (IκB) through direct binding. 

When IκB kinase (IKK) is activated by upstream signals, it phosphorylates IκB, resulting in 

the degradation of IκB and release of NF-κB to translocate into the nucleus. Studies found 

that the expression and the activity of these major regulators in NF-κB pathway and NF-κB 

itself can be modulated by neem extract and suppress NF-κB signaling [10,23,95–97]. These 

in vitro observations have also been validated by in vivo study, in which the expression of 

NF-κB, IκB and IKK is differentially modulated by NLE and led to the abrogation of NF-

κB signaling [10].

Mechanistic study demonstrates that nimbolide suppresses the activity of NF-κB at the 

levels of nuclear translocation of p65/p50 heterodimer and DNA binding affinity in colon 

cancer cells [25]. Nimbolide-mediated NF-κB suppression could also occur through direct 

inhibition of IKK, which appears to require cysteine-179 of IKK-β [86,97]. Since NF-κB is 

a positive regulator of tumorigenic protein expression, NF-κB suppression is associated with 

decreased transcription of Bcl-2, Bcl-xL, IAP-1, IAP-2, survivin, Mcl-1, cyclin D1, c-Myc, 

MMP 9, ICAM-1, CXCR4 and VEGF [25,86,97]. Collectively, this mediates the effects of 

nimbolide on cellular functions such as proliferation, apoptosis, cell migration, and 

angiogenesis. Consistent with these molecular events, intraperitoneal injection of nimbolide 

decreases the growth of inoculated colon cancer xenografts [86].

9. Combination of neem components with other therapies

Due to the complex nature of cancer, single agent regimens have significant limitations, and 

the clinical therapeutic efficacy can be improved by combining of multiple agents. 

Interestingly, neem has been shown to improve the efficacy of other anticancer drugs 

besides its anticancer functions as a single agent [97–99]. The combination of neem-derived 

gedunin and cisplatin further decreases the proliferation of treated ovarian cancer cells by 

almost 50% compared to the cells treated with only cisplatin [28]. The combination of sub-

Hao et al. Page 12

Biochim Biophys Acta. Author manuscript; available in PMC 2016 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



lethal dose of ethanolic NLE and cisplatin also provides synergistic effects in decreasing the 

viability of breast and cervical cancer cells compared to individual compound alone [100].

Bone marrow suppression, i.e. the occurrence of leukopenia and neutropenia, has been a life 

threatening complication of chemotherapy. Currently available solutions include the 

administration of colony stimulating factor (CSF), granulocyte colony stimulating factor 

(GCSF), and granulocyte macrophage colony stimulating factor (GMCSF). Unfortunately, 

these adjuvants have the adverse effects on stimulating tumor growth. Consistent with the 

immune stimulating functions of neem, treatment with NLE alleviates cyclophosphamide-

caused leukopenia and neutropenia in both healthy mice and the mice bearing tumors [101]. 

In vitro treatment with NLE also enhances the tumor cell cytotoxicity of peripheral blood 

monocytes derived from these mice [101]. Consistent with in vitro findings, concurrent 

application of NLE increases the tumor-suppressing efficacy of cyclophosphamide in mice, 

further inhibits the growth of tumor and improves the survival of the host [101]. In addition, 

NLE shows comparable effects as GCSF in prevention of leukocyte apoptosis caused by 

treatment with cisplatin plus 5-fluorouracil (5-FU) in mice [102]. As a substitute for GCSF, 

NLE could alleviate leukopenia caused by cisplatin plus 5-FU and enhance the cytotoxicity 

of peripheral blood cells through increasing the number of cytotoxic T cells and NK cells 

[102].

Recombinant TNF-related apoptosis-inducing ligand (TRAIL) protein and TRAIL receptor 

agonistic antibodies have shown promising anticancer efficacy with mild side effects in 

clinical trials [103]. However, tumors frequently acquire resistance to TRAIL therapy, 

which can be overcome by sensitizing agents [103]. Interestingly, the addition of nimbolide 

sensitizes colon cancer cells to TRAIL-induced apoptosis, which is dependent on nimbolide-

induced upregulation of p53 and Bax [98]. Nimbolide also down-regulates a number of 

survival proteins, increases ROS production, activates extracellular signal-regulated kinases 

(ERK) and mitogen activated protein kinases (MAPK), and upregulates the death receptors 

(DR) that interact with TRAIL, i.e. DR4 and DR5. These actions of nimbolide collectively 

enhance the apoptotic effects of TRAIL therapy [98].

In addition, nimbolide potentiates the apoptosis induced by inflammatory cytokine TNF-α 

and chemotherapeutic agents 5-FU and thalidomide in blood cancer cells [97]. Such 

sensitization of tumor cells to cytotoxic agents by nimbolide occurs through decreasing NF-

κB activity, consistent with its suppressive effects on NF-κB signaling. NF-κB signaling 

pathway is also one of the prosurvival pathways activated by ionizing radiation, which 

protects cancer cells from radiation-induced apoptosis [104]. Therefore, neem-induced 

suppression of NF-κB activation is likely to increase the radiosensitivity of tumor cells, 

which could potentially improve the clinical effectiveness of radiation therapy. Studies in 

pancreatic cancer cells show that treatment with NLE suppresses the radiation-induced 

activation of NF-κB signaling, resulting in increased caspase activity and cell death 

compared to the cells receiving radiation alone [39]. In addition, radiation-induced apoptosis 

of neuroblastoma cells is enhanced by the concurrent treatment with NLE through 

increasing the expression of proapoptotic proteins [39]. However, it is unclear whether 

suppression of NF-κB signaling mediates this effect or other signaling also contributes to 

increased apoptosis [39]. Further investigation is warranted to determine whether neem 
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could sensitize cancer cells to the cytotoxic effects of other therapeutic regimens and 

whether combination therapy could offer potential clinical benefits.

10. Therapeutic safety and tumor selective properties of neem components

Therapeutic safety and tumor selectivity are two key features for potential anti-tumor 

therapeutic regimens. Neem seed oil shows no mutagenic effects based on the results of in 

vitro Ames test and in vivo micronucleus assay [72]. The in vivo therapeutic safety of neem 

in mice and rats is further supported by the findings that treatment with NLGP shows no 

changes in the organ microstructure and hematological system, including immune cells of 

animals [59]. Overall, no behavioral changes or increased death associates with the 

administration of NLGP [59].

Since high tumor selectivity is crucial to minimize the side effects of anticancer drugs, it is 

an important concern for any anticancer therapeutic agent to differentiate normal cells from 

tumor cells. Compared to healthy cells that are equipped with a balanced machinery of 

cellular homeostasis, tumor cells have transformed cell structures and functions, which 

potentially make them vulnerable to toxic effects of anticancer agents [7,105,106]. Several 

studies suggest that anti-proliferative and proapoptotic actions of neem are selective for 

tumor cells. For example, methanolic extraction (MEX) of neem seed oil free of terpenoid/

limonoid shows significantly stronger inhibitory effects on the viability of HeLa cells 

compared to normal murine fibroblasts [14]. Comparison of the oxidative stress level in the 

two types of cells demonstrates that MEX mixture specifically induces the intracellular level 

of malonaldialdehyde (MDA) in HeLa cells but not in murine fibroblasts. Such increased 

cellular oxidative stress is likely to contribute to the observed cell membrane damages that 

lead to apoptotic cell death and decreased cellular viability. The susceptibility of tumor cells 

to MEX may be associated with the modification of the plasma membrane lipids during 

transformation of normal cells to malignant cells. The ethanolic neem leaf extract also 

specifically targets the breast as well as cervical cancer cells, without showing significant 

effects on the viability of primary lymphocytes [100].

Since there are fundamental differences in cell structures and functions of normal cells with 

malignant cells from different origins, a direct comparison between tumor cells and their 

corresponding normal cells will define the underlying mechanisms of differential neem 

extract cytotoxicity. Comparison of limonoid cytotoxicity on leukemia cells and normal 

lymphocyte cells demonstrates significant tumor selectivity, and all three neem compounds 

tested show greater tumor specificity than cisplatin [16]. In vivo and in vitro models on the 

exploration of therapeutic efficacy of neem components also reveal that these components 

boost the host immunity against tumor cells. For example, a study related to the therapeutic 

efficacy of NLGP on mouse sarcoma demonstrates enhanced potential of effector T-cells 

host immune response [107]. Neem components also reported to induce upregulation of 

CD40 and CD40L ligands, maturation of DCs, CD83, CD80 and CD86, and downregulation 

of Treg cells that create an anticancer environment [5,61].

Comparison of the effects of tamoxifen and different formulations of neem extracts on 

multiple cell lines demonstrates that neem components show greater tumor selectivity than 
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tamoxifen [108]. Therefore, thorough studies are warranted to explore the different 

spectrums of tumor selectivity using various types of cancer cells and understand the 

underlying mechanism of such tumor-specificity. The targets of neem components include 

molecules involved in cell cycle, cell death, host immune system, and cellular redox 

maintenance. Therefore, further studies targeting these candidate pathways may explain the 

tumor specificity of neem components.

11. Conclusions and future perspectives

As a natural resource, neem extract has the advantages of easy availability, low cost and 

safety to humans, which collectively make neem-derived compounds valuable candidates for 

anticancer therapy. Preclinical studies have primarily established neem as a potential 

preventive and therapeutic agent against various types of cancer. The anticancer actions of 

neem extract are associated with modulation of major hallmark events in tumor cells 

including inhibition of excessive proliferation, induction of cell death, suppression of 

angiogenesis, restoration of cellular redox balance, and enhancement of immune response 

against tumor cells (Table 1). With the profile of bioactive components in neem not 

completely clear, identification of effective anticancer components and study of individual 

components require further research. Although the preclinical findings and limited in vivo 

observations so far are encouraging, more extensive studies in animal models are needed to 

validate current knowledge on the functions of neem and explore the effects of neem on the 

other properties of tumor cells, such as increased cell mobility and metastasis. Full 

understanding of the underlying anticancer mechanisms of neem is required before neem 

can be tested for its chemopreventive and therapeutic efficacy in clinical settings. 

Identification and characterization of individual anticancer components of neem are also 

prerequisites for the development of neem-based therapeutic regimens. The potential of 

using neem to enhance the efficacy of other chemotherapeutic agents or as adjuvant in 

immunotherapy and radiotherapy is also worth further exploration. Taken together, current 

studies suggest that neem components have high potential for consideration as effective 

anticancer agents with minimal or no side effects during therapy.
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Fig. 1. 
The spectrum of neem (Azadirachta indica) components as anti-cancer agents. Several 

beneficial properties of neem components including easy availability, tumor selectivity, 

therapeutic safety, and use in combination with other anticancer drugs are implicated in 

cancer therapy. Neem extracts deliver their anticancer efficacy by suppression of 

angiogenesis, cell migration and proliferation, and NF-κB signaling. The neem extracts 

enhance cell death, immunity against tumor, cellular metabolism including modulation of 

redox potentials.
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Table 1

Key neem components and their potential targets.

S.N. Components Functions Target Model system Ref

1. Neem leaf extract 
(NLE)

Proliferation-inhibitory effect Multiple cell cycle molecules Prostate cancer cells [18,19]

Induces apoptosis Multiple apoptosis-modulating
molecules

Prostate cancer cells, 
primary chronic
lymphocytic leukemia 
cells

[19,30]

In vivo: proliferation
inhibition

Proliferating cell nuclear 
antigen
(PCNA) and cytokeratin

DMBA-induced HBP 
mouse model

[10,29]

In vivo: apoptosis induction Bim, Bax, Apaf-1, caspases,
and Bcl-2

Breast cancer tissue, 
prostate cancer
xenografts, and 
DMBA-induced HBP 
oral
carcinogenesis model

[10,18,29,45–47]

Enhances immunity Peripheral blood mononuclear
cells (PBMCs), macrophages,
natural killer (NK) cells,
CD40–CD40L, interferon-
gamma
(IFN-γ) and tumor necrosis
factor-alpha (TNF-α)

Murine Ehrlich 
carcinoma and B16
melanoma

[50,51]

Enhances immunity Spleen and peripheral blood:
macrophages, cytokines, and
immune cells

Ehrlich’s carcinoma 
cells, B16 melanoma,
lung sarcoma and 
lymphosarcoma in the
liver in Balb/c mouse 
model.

[49,52–54]

Increases the 
immunogenicity
of vaccinations

Surface antigen of B16 
melanoma
cell (B16MelSAg), breast tumor
associated antigen (BTAA), and
carcinoembryonic antigen 
(CEA)

B16 melanoma 
tumor, breast cancer 
cells,
and CEA + colorectal 
cancer cells

[53,55,56]

Alleviates mutagenicity of
carcinogens

Likely drug metabolizing 
enzymes

In vivo bone marrow 
micronuclei test

[55,68,71]

Maintain cellular redox
balance

Antioxidant phase II enzymes,
glutathione level, protein
oxidation, and lipid oxidation
and peroxidation

Benzo(a)pyrene-
induced stomach 
tumor
model and DMBA-
induced skin 
papilloma
model, DMBA-
induced rat mammary 
carcinogenesis
model, MNNG-
induced 
carcinogenesis
model, and DMBA-
induced HBP oral
carcinogenesis model

[72–76,85,87]

Attenuates angiogenesis Human umbilical vein 
endothelial
cells (HUVECs), vascular
endothelial growth factor 
(VEGF)

DMBA-induced HBP 
carcinogenesis model,
chemical carcinogen-
induced mammary
tumorigenesis

[13,73,89]

2. Azadirachtin Induces apoptosis Bcl-2 family proteins, survivin 
and
caspase-3, -8, and -9

Cervical cancer cells [23]
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S.N. Components Functions Target Model system Ref

Cell cycle arrest p53, p21, cyclin B, cyclin D1,
and PCNA

Human cervical 
cancer (HeLa) cells

[23]

3. Nimbolide Cell cycle arrest Cyclins, CDKs, and CKIs, cell
cycle checkpoint proteins are
CHK2 and Rad17

Colon carcinoma cells [24,25]

Induces apoptosis Bcl-2 family proteins, survivin,
and caspase-3, -8, and -9.

Breast, prostate, 
hepatocarcinoma, 
cervical,
choriocarcinoma, 
colon, lymphoma,
leukemia, and 
melanoma

[20,23,26,27]

Disrupts cell cycle 
progression

Unclear Breast, cervical, 
choriocarcinoma,
lymphoma, leukemia 
cells HL-60, THP1, 
and
melanoma cells

[20,23,26,27]

Retards tumor cell migration,
invasion, and angiogenesis

Metalloproteinase-2/9
(MMP-2/9), VEGF, ERK1/2, 
NF-κB

Colon cancer cells [25]

Inhibits cell growth Unclear Breast cancer cells [20]

4. Gedunin Inhibits cell proliferation Bioinformatic analysis 
identifies
52 genes involved

Ovarian cancer cells [28]

5. Neem leaf glycoprotein
(NLGP)

Increases host immunity Various immune cells in favor 
for
type 1 immunity, maturation of
dendritic cells

PBMC derived from 
HNSCC patients, 
myeloid
derived dendritic cells

[57–61]

Relieves tumor immune
suppression

Regulatory T cells (Tregs) Mouse tumor model [64]

Restores the impaired
chemotactic activity of 
PBMC

CXCR3-mediated axis,
CCR5-mediated axis,
CXCR4-mediated axis

PBMC derived from 
HNSCC patients

[66]

Maturation of DCs and
increased immunity
against CEA

Maturation of dendritic cells,
various immune cells

Swiss mice, 
peripheral blood from 
HNSCC
patients

[58,59,67–69]

6. Mixture of neem
limonoids and other
components

Induces apoptosis Intrinsic: cytochrome c, Bcl-2
family proteins
Extrinsic: death receptors

Leukemia, prostate, 
cervical, colon, 
stomach,
breast, 
choriocarcinoma, and
hepatocarcinoma

[14,16,18,20,23,30–32,102]

Induces caspase-independent
cell death

Apoptosis-inducing factor (AIF) Prostate [32]

Induces autophagy Unclear Prostate and colon [32]

Alleviates mutagenicity
of carcinogens

Likely drug metabolizing 
enzymes

In vitro Ames test [71]

Maintain cellular redox
balance

Phase I reactions and
phase II enzyme GST

Rat [84,86]
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