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Background and Objective: Multiple studies have demonstrated the medical potency of plant extracts 
and specific phytochemicals as therapeutics for prostate cancer (PCa) patients. Of note, the Neem plant 
known for its role as an antibiotic and anti-inflammatory is underexplored with an untapped potential for 
further development. This review focuses on extracts and phytochemicals derived from the Neem tree (Latin 
name; Azadirachta indica), commonly used throughout Southeast Asia for the prevention and treatment of 
a wide array of diseases including cancer. To date, there are more than 130 biologically active compounds 
that have been isolated from the Neem tree including azadirachtin, nimbolinin, nimbin, nimbidin, nimbidol, 
which have demonstrated a wide range of biological activities including anti-microbial, anti-fertility, anti-
inflammatory, anti-arthritic, hepatoprotective, anti-diabetic, anti-ulcer, and anti-cancer effects. Very few 
scientific reports focus on the benefits of Neem in PCa, even though this herb has been used to prevent the 
disease and its progression for years in complementary and alternative medicine. 
Methods: We used the search engines like PubMed, InCommon and Google using the key words: “Neem”, 
“Cancer”, “Prostate Cancer” and related words to find the information and data within the time frame from 
1980–2022 for our article study.
Key Content and Findings: Here, we provide an overview of Neem extracts and phytochemical 
derivatives with a focus on their known potential and ability to inhibit specific cellular signaling pathways 
and processes which drive PCa incidence and progression. 
Conclusions: The information presented here indicate that Neem and its derivatives have a therapeutic 
potential for the treatment of PCa when used as a single agent or in combination with conventional 
chemotherapeutics. 
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Introduction

Prostate cancer (PCa) is the most commonly diagnosed 
male malignancy and the fourth leading cause of cancer 
related male mortalities worldwide (1,2). Although PCa 
related fatalities have been declining, incidence rates have 
been on the rise with an increasing number of patients 
living with the disease (3). A significant number of PCa 
patients have used or are interested in using natural products 
to supplement their therapy, a move that is supported by a 
growing number of epidemiological, clinical, and pre-clinical 
studies (4), indicating lower toxicities, easier usage and greater 
availability in many cases, compared to pharmaceuticals (5,6). 
Multiple pre-clinical studies have reported the anti-cancer 
properties of Neem and Neem products in PCa cell lines 
and animal studies (7-14). Key pathways known to drive 
PCa progression include the androgen receptor (AR) and 
the phosphatidylinositol 3-kinase (PI3K)/protein kinase B 
(PKB/Akt) pathway, both of which can be modulated by 
treatment with Neem and its derivatives. Pathways which 
are linked to chemoresistance (e.g., Bcl-2) are also targets of 
Neem and its derivatives. 

Neem tree extracts and phytochemicals: an overview of 
general properties and clinical uses

The Neem tree is native to the Indian subcontinent and 
Burma. For hundreds of years, its various components and 
derivatives have been widely used in alternate medicine 
approaches, including Ayurveda, throughout South Asia 
and beyond (15-17). The Neem leaves, bark, seeds, flowers, 
and twigs have been reported to have anti-microbial, anti-
inflammatory, anti-arthritic, hepatoprotective, anti-diabetic, 
anti-ulcer, and anti-cancer activities (Figure 1) (13,17-29). 

Several clinical studies have tested the medicinal 
properties of Neem. For example, in a pilot study with 
14 patients, Bandyopadhyay et al. (30) have demonstrated 
Neem bark extract to have therapeutic potential in 
controlling gastric hypersecretion and gastroduodenal 
ulcers. In this study, 30 mg of lyophilised aqueous extract 
of air-dried Neem bark was encapsulated in the gelatine 
capsule that was used for oral administration to the selected 
patients. Treatment with lyophilized Neem bark extract 
orally for 10 days at 30 mg twice daily resulted in a 77% 
decrease in gastric acid secretion in 9 patients, while  
3 others showed a decrease of 10–13% while 2 exhibited no 
effect. In addition, the bark extract at the dose of 30–60 mg 

twice daily for 10 weeks in 6 patients displayed significant 
reduction of duodenal ulcers (30). A larger study in 80 
patients with type 2 diabetes mellitus described how the 
leaves and twigs of Neem have the potential to significantly 
reduce glycosylated hemoglobin (HbA1c) levels, insulin 
resistance (IR)/fasting blood sugar (FBS) and systemic 
inflammation (31). In this study, subjects received capsules 
of either 125, 250 or 500 mg of Neem [aqueous extract of 
Azadirachta indica leaves (AIE) and twigs] or placebo twice 
daily for 12 weeks. At all doses, Neem not only significantly 
reduced postprandial blood sugar (PPBS) level, HbA1c, 
FBS and IR but also improved endothelial function, reduced 
oxidative stress and systemic inflammation when compared 
to the placebo. The bioactives in these capsules were found 
to be flavonoids and myo-inositol monophosphate was 
found to be the predominant bioactive. Neem leaves, seed 
oil and the bark have also been used against malaria in 
India, Nigeria, and some other parts of Asia (32-39). The 
larvicidal properties of Neem seed oil (0.03% azadirachtin) 
and Neem leaf slurry (over heated Neem leaves dried and 
minced, extracted using water and water/acetonitrile) was 
reported to be successful in controlling malaria (36,38-41). 
The Neem seed oil/leaf slurry has been shown to induce 
sterility in insects by interrupting sperm production in 
males and hormone control of oogenesis thereby exerting 
a cytotoxic effect on both follicular cells and oocytes of the 
malaria vector. To our knowledge, no clinical studies have 
formally been conducted to evaluate the effects of Neem in 
cancer patients, however, pre-clinical studies support the 
usage of Neem and its various components in the treatment 
of cancer. We present the following article in accordance 
with the Narrative Review reporting checklist (available at 
https://atm.amegroups.com/article/view/10.21037/atm-22-
94/rc).

Methods

We performed a systematic literature search for all 
relevant articles in English language from the PubMed, 
InCommon and Google, limiting the publication date 
from 1980 to April, 2022. The following key words 
“Neem”, “Cancer”, “Prostate Cancer” and related terms 
(Table 1) were used for the literature search. The search 
was performed at the same time by multiple researchers, 
and disagreements were resolved through discussions with 
each other on regular basis for consensus. 

https://atm.amegroups.com/article/view/10.21037/atm-22-94/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-94/rc
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Active components of Neem and dose forms

Chemical composition of Neem 

Neem is a complex mix of various chemical constituents. 
Hossain et al. (42) have shown that the primary constituents 
of crude Neem leaf extract (NLE) include hydrocarbons, 
phenolic compounds, terpenoids, alkaloids, and glycosides 
[2-ethylhexyl tetradecyl est (13.70%), methyl petroselinate 
(11.23%), eicosane, 7-hexyl (10.01%), heptacosane 
(8.10%), hexadecamethylcyclo-octasiloxane (7.46%), 
octacosane (7.09%), heptacosane, 7-hexyl (6.77%), butyl 
palmitate (6.69%), isobutyl stearate (4.25%), nonadecane 

(3.75%), (2E)-3,7,11,15-tetramethyl-2-hexadecen-1-
ol (2.99%), 2,6,10,14-tetramethylheptadecane (2.68%), 
phytol (2.61%), methyl isoheptadecanoate (2.19%), and 
gamma-elemene (1.05%)]. Multiple studies have shown that 
terpenoids (including limonoids) are primarily responsible 
for Neem’s biological activities (Table 2). Chemical 
characterization of Neem extracts via LC-MS by Santos 
et al. (92) demonstrated the following terpenoids in Neem 
extracts; 2,3-Dihydronimbolide (22.8%), Nimbolide + 
3-Deacetylsalannin (19.7%), Nimbandiol (12.8%), Nimonol 
(10.1%), 6-Deacetylnimbinene (9.3%), 6-Deacetylnimbin 
(8.4%), Gedunin (4.8%), Nimbanal (4.4%), Salannin 
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Immunomodulatory 
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Figure 1 Important parts of the Neem tree (Azadirachta indica) and their therapeutic benefits. 

Table 1 The search strategy summary

Items Specification

Date of search (specified to date, month and year) 15th September 2020

Databases and other sources searched PubMed, InCommon and Google

Search terms used (including MeSH and free text search terms and 
filters)

“Neem” AND “Prostate cancer”

“Neem, neem oil, neem extract, prostate cancer”

“Nimbolide, Nimbin, Azadirachtan, flavonoids, androgen receptor 
in prostate cancer”

Timeframe 1980–2022

Inclusion and exclusion criteria (study type, language restrictions etc.) All relevant articles in English language

Selection process (who conducted the selection, whether it was 
conducted independently, how consensus was obtained, etc.)

Selection was conducted independently and discussed routinely 
for Consensus

Any additional considerations, if applicable None
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Table 2 Active components of Neem (Azadirachta indica) and their potential therapeutic effects

Azadirachta indica plant 
compound

Class of compound Part Potential therapeutic effects References

2',3'-dihydronimbolide Terpenoid Leaf Anticancer (13)

2',3'-dehydrosalannol Triterpenoid Leaf Antifeedant, anticancer (12)

28-deoxonimbolide Terpenoid Seed Anticancer (13)

6-deacetylnimbinene Limonoid Bark Antiangiogenic, anti-cancer (12)

Azadirachtin Limonoid Seed Anticancer (23)

Azadiradione Limonoid Fruit Neuro-protective (43,44)

Azadiramide Limonoid Seed Anticancer (28,44)

Azadirone Limonoid Seed Anticancer (45)

Catechin Flavonoid Bark Antioxidant, anti-inflammatory (46,47)

Epicatechin Flavonoid Bark Antioxidant, anti-inflammatory (46,48)

EAD Limonoid Fruits, seeds Anti-inflammatory, anticancer (49,50)

Gedunin Limonoid Leaf, seed Anticancer, anti-allergic (44,51)

Isomargolonone Diterpenoid Bark Antibacterial (46,52)

Margolonone Diterpenoid Bark Antibacterial (25,46,52-65)

Margolone Diterpenoid Bark Antibacterial (46,52)

Nimbandiol Limonoid Leaf, root Anti-inflammatory, cytotoxic and 
antimycobacterial

(13,46,52, 66)

Nimbidin Triterpenoid Seed Anti-inflammatory, antibacterial, antifungal (13,66,67)

Nimbin Triterpenoid Seed Anti-inflammatory, antibacterial, 
antihistamine, antipyretic, antiviral

(12,46,67-73)

Nimbolide Limonoid Leaf, seed Anticancer, antibacterial, anti-malarial (8,9,12,13,19-21,46,67-85)

Nimolinone Protolimonoid Leaf Antiangiogenic, anti-cancer (8,9,12,13,19-21,67,74-85)

Nimonol Limonoid Leaf Anticancer, antifungal (12,86-88)

Nimbinene Limonoid Seed Anti-insecticidal, anticancer (12,86-91)

Quercetin Flavonoid Leaf anti-inflammatory (12,48,89-91)

EAD, epoxyazadiradione. 

(3.9%), Rutin (3.6%). It is noteworthy that four different 
extraction solvents were used in their study and while the 
percentage of each compound obtained in each extraction 
fraction was similar, their concentration varied depending 
on the polarity and capacity of different solvent used for the 
extraction.

Active compounds of Neem

Multiple medically active compounds including terpenoids 
and steroids have been isolated from Neem. The most 

highly studied compounds are azadirachtin, nimbolinin, 
nimbin, nimbidin, and nimbidol, however, multiple other 
bioactive components have also been identified (Table 2) 
(18,29). The well documented flavonoid, quercetin, has also 
been identified in NLE (48). 

The limonoids, azadirachtin and nimbolide were shown 
to inhibit the DMBA-induced buccal pouch carcinomas 
through inhibition of tumor invasion, suppression of 
procarcinogen activation and oxidative DNA damage in 
addition to upregulation of antioxidant and carcinogen 
detoxification enzymes (93,94). These limonoids also 
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displayed inhibition of HeLa cervical cancer cell growth 
via a cell cycle arrest mechanism in the G0/G1 phase. The 
study described an upregulation of p21, p53, reactive oxygen 
species (ROS), Bax, survivin and a downregulation of  
cyclin B and D, Bcl-2, PCNA and NF-κB upon treatment 
with these limonoids (95). 

Azadiradione extracted from the seeds of Neem 
were found to be effective in ameliorating symptoms in 
mammalian and fly models of neurodegenerative diseases 
making it a potential candidate for consideration against 
neurodegenerative diseases (43). Additionally, Azadiradione 
and Gedunin were found to bind and inactivate human 
pancreatic α-amylase (a well-known anti-diabetic target) and 
thus are considered as lead drug candidates to control post-
prandial hyperglycemia (44). Azadiramide B, isolated from 
the extracts of Bacillus subtilis-fermented Neem seeds was 
shown to selectively inhibit the growth of MDA-MB-231 
a triple-negative breast cancer (TNBC) cell line with an 
IC50 value of 15.73±6.07 μM (28). Azadirone was found 
to sensitize cancer cells to tumor necrosis factor-related 
apoptosis-inducing ligand (TRAIL) through a ROS-ERK-
CHOP-mediated up-regulation of death receptor DR5 
and DR4 signaling in addition to a decrease in cell survival 
proteins, and an increase in proapoptotic proteins (45). 

Another Neem derivative, Catechin, was found to be one 
of the best phytocompounds against dental plaque forming 
bacteria and displayed promise as a drug for treating biofilm 
related acute infections (46,47). Epicatechin was reported as 
a potent antibacterial agent in addition to its antioxidative 
activity (46,48). Epoxyazadiradione (EAD) extracted 
from the Neem seeds was found to induce mitochondrial 
apoptosis and inhibited NF-κB nuclear translocation in 
human cervical cancer cells (50). The study demonstrated 
that EAD is a potent and safe chemotherapeutic agent. 
Another study reported that EAD suppressed breast tumor 
growth via mitochondrial depolarization in addition to 
caspase-dependent apoptosis by attenuating PI3K/Akt-
mediated AP-1 activation (49). 

Neem is known for its antibacterial and antifungal 
activity that is mainly attributed to its bioactive compounds 
such as nimbidin, nimbolide, mahmoodin, margolone, 
margolonone, and isomargolonone (52). Nimbidin is a 
mixture of tetranor-triterpenes extracted from Neem 
oil. It has been reported as a potent anti-inflammatory 
and anti-arthritic agent. Recent studies reported that 
oral administration of 5–25 mg/kg nimbidin to rats for 
3 consecutive days significantly inhibited the migration 
of macrophages to their peritoneal cavities in response 

to inflammatory stimuli. Thus, nimbidin could be useful 
for treating inflammation/inflammatory diseases (96). 
Nimbidin was also shown to exhibit significant gastric anti-
secretory activity in pylorus ligated rats and cats. At the 
dose of 40 mg/kg (i.v.) to perfused rats, nimbidin suppressed 
carbachol stimulated gastric acid output (97). Recent studies 
have shown that nimbin, an active compound extracted 
from Neem leaf, has anti-viral effect against dengue virus. 
Interestingly nimbin was reported to be effective against the 
envelope protein of different types of the dengue virus (72). 
A very recent study used molecular docking to show that 
nimbin exhibits highest interaction with spike glycoprotein 
of SARS-CoV-2 with a MolDock score of 148.621 kcal/moL 
and ACE2 receptor with MolDock score—140.108 kcal/moL.  
This suggests that NLE may be useful as a therapeutic and/
or prophylactic agent for SARS-CoV-2 (98). 

Nimbolide, extracted from the Neem leaves, is known for 
its pathogenicity against various cancers by inhibiting cell 
proliferation, causing apoptosis, and impairing invasion and 
metastasis (99). Nimbolide was reported to inhibit breast 
cancer cell proliferation by disrupting RNF114-substrate 
recognition that results in the inhibition of ubiquitination 
and degradation of tumor suppressors such as Cyclin 
Dependent Kinase Inhibitor 1A (p21) (100). Several studies 
demonstrated potential of nimbolide as an antibacterial 
agent for the treatment of infections caused by multidrug-
resistant strains in addition to its antimalarial potential 
(16,36,101). Nimonol is known for its antifungal activity 
against Fusarium oxysporum, Rhizoctonia solani, Alternaria 
solani and Sclerotinia sclerotiorum (86-88). Nimbinene 
was reported to have anticancer effect on breast cancer 
by inducing ROS generation resulting in mitochondria-
mediated apoptosis (89,90). Nimbinene was also reported to 
have anti-insecticidal activity (91). Given the large number 
of compounds with medicinal properties extracted from 
this one plant, it is no wonder that a number of patents 
on various parts of the tree and its extracts (USA, Japan, 
Australia, India) have been awarded, and are now being 
commercialized for various treatments (102). Generally 
Neem is accepted in the ayurvedic medical tradition as a 
therapy for various diseases as there are still many hurdles 
that limits large-scale use of Neem. One of the biggest 
hurdles in the commercialization of Neem is the lack of 
industrial interest, mainly due to the difficulty in patenting 
natural products, in addition to lack of enough scientific 
evidence or documents to support the benefits of these 
natural substances. These limitations must be overcome by 
proper scientific evidence and documentations so that the 
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full potential of Neem can be explored. Unfortunately, due 
to these limitations many of these products have not been 
tried in PCa or other diseases. 

Neem has various components which contribute to 
the many dosage forms of Azadirachta indica. The most 
common used parts of Neem are the leaves and seeds. 
Components of Neem are often extracted with water or 
ethanol (10,103). The extract can stay in an aqueous fluid 
or be further dried to make a powder (29,104). Seed oil 
can be extracted with ethanol and supercritical carbon 
dioxide (CO2), among other solutions. Neem plant extracts 
(NPEs) have many indications. Poly(lactic-co-glycolic acid) 
(PLGA) nanoparticles composed from Neem leaf-extracted 
nimbolide have anticancer effects. The PLGA polymer 
surface can be modified by conjugating polyethylene glycol 
with receptor binding ligands for targeted delivery of 
nimbolide in cancer treatments (105). 

Other extracts from Neem plant, such as Neem gum 
collected from incised bark of Azadirachta indica trees, has 
an abundance of functional groups which make it efficient 
for drug delivery applications. Bioadhesive buccal tablets, 
made from Neem gum, containing nicorandil were studied 
for its potential to increase contact between drug and 
absorbing surface, to prevent first pass effect, lengthen 
half-life and ultimately reduce frequency of nicorandil 
administration during treatment of hypertension and angina 
pectoris (106). Neem gum has also been used to make 
hydrogel for drug delivery of anticancer drug methotrexate 
(MTX) under different pH conditions. Neem gum-based 
hydrogel was determined to be a good carrier for MTX 
as the gel protects the drug from hostile environmental 
conditions, releases the drug in optimal quantities, therefore 
reducing the toxic side effects (107). Carbon dots, derived 
from Neem gum have biolinkers attached on their surface 
and stable green fluorescence which make them suitable for 
drug delivery system and/or biosensors (108). 

Natural NPE also has the ability to reduce ions and has been 
used to reduce silver ions for hydrogel nanocomposite with 
mechanical toughness, large swelling and deswelling ability and 
electrical conductivity. Synthetic reducing agents limit potential 
silver hydrogel nanocomposite biomedical applications 
due to toxicity from harsh synthesis conditions (109).  
Reducing and stabilizing properties of aqueous NLE from 
Neem mistletoe was also tested for its ability to fabricate 
silver nanoparticles (AgNPs). Neem reduced AgNPs were 
found to be cytotoxic against human breast carcinoma 
cell lines and therefore a promising candidate for cancer 
therapy (110). In addition to plant extracts, Neem fungal 

endophyte, Fusarium oxysporum, has also been studied for its 
possible anticancer application. Gold nanoparticles derived 
from Fusarium oxysporum is anti-proliferative towards 
breast cancer, Burkitt lymphoma and human peripheral 
blood mononuclear cells, while safe toward normal human  
cells (111). Neem nanoemulsions (NE) have also been 
utilized for drug delivery purposes (112). NE from Neem 
seed oil has been used as drug delivery dosage form for poorly 
aqueous soluble drugs. Neem oil anti-oxidant properties were 
maintained in NE dosage form (113). 

Use of Neem and its components for inhibition 
of PCa cells and tumor growth

Using natural compounds in PCa

A growing number of natural compounds have been tested 
in PCa, with varying results. Docetaxel, an FDA approved 
chemotherapeutic that is now standard-of-care for PCa, 
is a derivative of paclitaxel, which is derived from the bark 
of the Pacific yew tree (Taxus brevifolia) (114). However, 
other common foods and dietary supplements (e.g., green 
tea; pomegranate; lycopene; soy; mistletoe; vitamins C, D, 
and E; selenium; resveratrol) which are used by patients as 
treatments for cancer (115), did not receive FDA approval. 
This is due to various reasons such as variations in content 
of the trial compound and lack of financial incentives for 
funders to conduct phase III trials. The success of paclitaxel 
suggests that natural compounds for specific diseases is 
moved forward when clearly defined and active molecules 
from the natural product are used rather than whole 
extracts. The fact that so many of the Neem ingredients 
have been patented is therefore encouraging. 

To date, only a handful of Neem products have been tested 
in PCa. Interest in Neem as a treatment for PCa stems from 
the fact that in India, where Neem is widely available, Neem 
oil is used as a male contraceptive (116). Later, a study in 2006 
demonstrated that Neem ethanol extract induced apoptosis in 
PC-3 cells, which are of PCa origin (10). Since PC-3 cells do 
not express the AR, a key regulator of PCa in most cases, the 
scientific community remained unconvinced until in 2011 it 
was demonstrated that similar extracts also affected LNCaP 
cells, and C4-2B tumor xenografts—both of which express 
a mutant AR(T877A) (11,12). In 2014 Nimbolide, the active 
ingredient of Neem, was shown to have effects in PC-3 cells 
similar to that of the ethanol extract (9), while other studies 
suggested that the active ingredients of the Neem extract 
affecting LNCaP xenografts included nimbandiol, nimbolide, 
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2',3'-dihydronimbolide, and 28-deoxonimbolide (13).  
Importantly, these ingredients appeared to inhibit both 
the AR and the PI3K/Akt pathway that is important in the 
growth of PCa cells (9,11,13). 

Inhibition of the AR pathway

The AR signaling pathway is important for normal 
functioning of prostate cells. Binding of androgen ligands 
such as testosterone and dihydrotestosterone (DHT) to 
cytoplasmic AR causes a conformational change in the 
receptor that enables nuclear translocation of AR and 
subsequent activation of the AR gene that governs growth 
and viability of prostate cells (117). Aberrant AR signaling 
has been implicated in primary PCa and in castration-
resistant prostate cancer (CRPC) (118). Multiple pre-clinical 
reports have documented the efficacy of Neem extracts in 
PCa models (8,12,13). In 2014, Wu et al. (13) evaluated 

the use of supercritical extract of Neem leaves (SENL) as a 
treatment for in vitro and in vivo models of PCa. Supercritical 
extract refers to the use of supercritical fluid grade CO2—that 
is, CO2 that is held at or above its critical temperature (31.1 ℃)  
and critical pressure (72.9 atm/7.39 MPa), for extracting 
components from Neem. The AR is a steroid receptor that 
is highly expressed, not only in hormone sensitive prostate 
cancer (HSPC), but also in CRPC. The study showed 
that both the AR-positive HSPC cell line LNCaP and 
the AR-null CRPC PC-3 cell lines responded to SENL  
in vitro. SENL suppressed integrin β1, calreticulin and focal 
adhesion kinase activation (Figure 2). In addition, the report 
suggests suppression of cell growth, induction of apoptosis 
and significant reduction in DHT-induced AR and prostate-
specific antigen (PSA) levels. DHT is a powerful AR ligand 
that binds to the receptor and enables its localization to the 
nucleus, where the AR binds to target DNA and promotes 
transcription of target genes including PSA that is used 
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as a biomarker to track AR activity in the prostate. Also, in 
mice bearing LNCaP xenograft tumors, oral administration 
of SENL was found to reduce xenograft tumor volume (13). 
These results support a tumor suppressive action of Neem in 
AR associated PCa. It may be noted that ethanolic extract 
of Neem leaves (EENL) was found to decrease the relative 
expression of AR after 48 hours of treatment at 1.0 μg/mL  
in MCF-7 and MDA-MB-231 breast cancer cell lines (119).  
Thus, the effect of Neem on the AR pathway was not 
confined to PCa alone. 

Inhibition of the PI3K/Akt pathway

The PI3K/Akt signaling pathway is a key transduction 
cascade involved in promoting survival and growth of 
malignant cancer cells. PI3Ks are a family of related 
intracellular enzymes that phosphorylate a hydroxyl group 
on the inositol ring of a phosphatidylinositol (120). The 
PI3K family is divided into four different classes: Class IA  
PI3Ks are composed of a heterodimer between a p110 
catalytic subunit and a p85 regulatory subunit (120) while 
class IB PI3Ks are heterodimers of a p110 catalytic subunit 
and a p101 regulatory subunit. Class II comprises of three 
catalytic isoforms, but, unlike Classes I and III, has no 
regulatory proteins. Class III is primarily involved in the 
trafficking of proteins and vesicles and has both regulatory 
and catalytic subunits. The Class IA catalytic subunit p110α 
is the best understood and is transcribed by the oncogene 
PIK3CA. It catalyzes the conversion of phosphatidylinositol 
4,5-bisphosphate [PI(4,5)P2] into phosphatidylinositol 
3,4,5-trisphosphate [PI(3,4,5)P3], an event that is reversed by 
the tumor suppressor PTEN, a phosphatase. [PI(3,4,5)P3] 
phosphorylates a number of downstream targets including 
phosphoinositide-dependent kinase-1 (PDK1) (121), which 
in turn phosphorylates key survival kinases such as Akt1 at 
Thr308 (122). Akt has a number of cellular functions that 
promote the progression of PCa to CRPC (123). 

Owing to its strong association with cancer development 
and progression, multiple studies have aimed to target the 
PI3K/Akt pathway for anti-cancer therapy (9,11). Inhibiting 
the PI3K/Akt pathways leads to apoptosis via key players 
like Bad, caspase 3 and NF-Kβ (124). In 2014, Raja Singh  
et al. (9) demonstrated that nimbolide can cause apoptosis by 
inhibiting the PI3K/Akt pathway in PC-3 cells. Their results 
showed that nimbolide induced apoptosis by activating 
DNA fragmentation in PC-3 cells. In addition, nimbolide 
treatment increased the expression of pro-apoptotic genes 
such as Fas ligand, FADDR, Bax, Bad and IGF binding 

protein 3, while decreasing the expression of PI3K, Akt, 
IGF1 and IGF1R. Nimbolide also increased protein 
expression of caspases 8, 3, 10, 9, Bax and cytochrome c 
while it decreased the expression of XIAP, Bcl2, cleaved 
PARP, p-Akt and IGF1R (Figure 2). Similarly, Gunadharini 
et al. (11) observed an induction of apoptosis and inhibition 
of cell proliferation through the inhibition of the PI3K/
Akt pathway in both LNCaP and PC-3 cell lines. Ethanolic 
Neem caused 50% inhibition at a dose of 100 μg/mL  
in both PC-3 and LNCaP cells and had similar effects on 
the PI3K/Akt pathway. Decrease in p-Akt by Neem caused 
an increase in the protein level of Bad and p21 while it 
decreased cyclin D1 levels supporting the notion that Neem 
affected both cell proliferation and survival via the PI3K/
Akt pathway.

The presence of phytochemicals such as nimbolide (a 
major limonoid) In the Neem extracts may confer major 
advantages to the use of Neem extracts in comparison 
to single-molecule targeting pathway inhibitors since 
nimbolide has been shown to target multiple proteins and 
non-coding RNAs involved in the PI3K/Akt pathway. 
Sophia et al. (125) showed that in SCC131 and SCC4 oral 
cancer cells, nimbolide induces apoptosis in cancer cells 
by modulating the phosphorylation of proteins Akt and 
GSK-3β and ncRNAs miR-26 and HOTAIR causing the 
inactivation of the PI3K/Akt/GSK3 signalling pathway. 
Nimbolide induced targeting of the complex interaction of 
molecules involved in the PI3K/Akt pathway may therefore 
be more beneficial as a cancer therapeutic than inhibitors.

Inhibition of alternative pathways driving PCa progression 
and resistance to therapy

Tumor necrosis factor alpha (TNF-α) is an inflammatory 
cytokine that activates the cytoplasmic transcription factor 
NF-κB through a proteasome-mediated degradation of I-κB 
(inhibitor of NF-κB). Activated NF-κB then undergoes 
nuclear translocation and activates cell survival pathways (126).  
Singh et al.  (7) showed that nimbolide suppressed 
expression of the TNF-α/TNFR1 signaling molecules 
TNF-α, SODD, Grb2, SOS mRNA which regulate NF-
κB and MAPK pathways and thereby inhibited the survival 
and proliferation of PCa cells (Figure 2). Zhang et al. (8) 
also demonstrated that treatment of DU145 and LNCaP 
cells with nimbolide significantly inhibited cell viability, 
induced apoptosis, and suppressed tumor cell invasion and 
migration in vitro. Their subsequent in vivo studies using 
the transgenic adenocarcinoma of mouse prostate (TRAMP) 
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model demonstrated that nimbolide treatment suppressed 
tumor growth and decreased metastasis without significant 
side effects. The tumor suppressive effects were attributed 
to STAT3 inhibition caused by increased production of 
ROS due to an imbalance of the glutathione redox system 
(GSH/GSSG). The authors showed that nimbolide 
downregulates the activation of STAT3 transcription factor 
through the induction of oxidative stress (Figure 2). They 
found significant GSH reduction and GSSG increase 
in nimbolide treated cells compared to untreated cells. 
Similarly, Kumar et al. (10), in 2006, studied the effect of 
ethanolic Neem extract on the PCa cell line PC-3 in vitro. 
Using immunoblotting they showed a decreased level of 
anti-apoptotic protein Bcl-2 and an increased level of Bax 
protein with a subsequent increase in apoptosis with an 
increasing dosage of Neem extract. 

Mahapatra et al. (12), in 2011, studied the effect of 
ethanolic Neem extract in vitro and in vivo models of PCa 
using C4-2B and PC-3M-luc2 PCa cells through qPCR 
and immunoblotting. They reported that ethanolic Neem 
extract caused an upregulation of cell death and drug 
metabolism genes, a down regulation of cell cycle, DNA 
replication, recombination, and repair genes in vitro, and 
tumor growth inhibition in C4-2B and PC-3M-luc2 PCa 
xenograft models in nude mice. Srivastava et al. (14) in 2012 

used Neem oil containing multiple limonoids on LNCaP 
cells and reported that Neem induced caspase dependent 
and apoptosis inducing factor (AIF) mediated apoptosis and 
autophagy in PCa cells. They demonstrated that Neem 
limonoids caused release of mitochondrial cytochrome c and 
AIF resulting in caspase dependent and caspase independent 
cell death, respectively. They also reported p53 independent 
induction of autophagy in cells treated with limonoids. 

Tables 3,4 outline various studies that shows in vivo and  
in vitro anticancer effects of Neem on PCa.

Impact of Neem and Neem-derived compounds on some 
common cancer-related physiological processes. The anti-
cancer activity of Neem has been studied using cell line 
and animal models which are representative of multiple 
types of cancers, for example skin, cervical, ovarian, breast, 
colon lung, stomach, liver, bladder cancers and Ehrlich’s 
carcinoma (EC) as well as PCa (Table 5). The data from 
these studies demonstrate that Neem and its derivatives can 
inhibit the common physiological processes which drive 
cancer incidence and progression and can thereby be used 
to help further inform Neem usage for PCa. 

Promotion of apoptosis

Killing cancer cells is the goal of most chemotherapy 

Table 3 In vitro anti-cancer effect of Neem (Azadirachta indica) on PCa

Type of 
study

Cell line
Type of 
extract

Concentration Effect Mechanism References

In vitro PC-3 Nimbolide 1–2 µM Inhibited cell survival and 
proliferation

Inhibition of NF-κB and MAPK 
pathways

(7)

In vitro DU145 and 
LNCaP

Nimbolide 0–20 µM Reduced invasion and migration, 
induced apoptosis

Inhibits STAT3 activation (8)

In vitro PC-3 Nimbolide 1–2 µM Reduced cell proliferation and 
induced apoptosis

Inhibits IGF1/IGF1R-PI3K/Akt 
pathway

(9)

In vitro PC-3 ENLE 10–100 µg/mL Induced apoptosis Increased Bcl-2 protein and 
decreased Bax protein

(10)

In vitro LNCaP and 
PC-3

ENLE 50–100 µg/mL Inhibited cell proliferation Inhibits PI3K/Akt pathway (11)

In vitro C4-2B and  
PC-3M-luc2

ENLE 5–50 µg/mL Inhibited tumor cell growth Upregulated HMOX1 and AKR 
protein 

(12)

In vitro LNCaP-luc2 
and PC-3

SENL 5–25 µg/mL Suppressed tumor growth and 
induced apoptosis

Suppressed integrin and FAK 
signaling

(13)

In vitro LNCaP Neem oil 300 µg/mL Induced apoptosis Induced caspase and AIF 
mediated apoptosis

(14)

PCa, prostate cancer; ENLE, ethanolic Neem leaf extract; SENL, supercritical extract of Neem leaves.
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regimens (135,136). Neem and its components have 
been shown to promote apoptosis in several cancer types 
(19,20,24,77,78,125,137-139). For example, treatment 
of HeLa cells with ENLE resulted in cell death associated 
morphological changes at 175 μg/mL over time (up to  
48 hours) (140). Ethanolic solution of Neem seed oil (contains 
azadirachtin and nimbin) was found to be cytotoxic to 
MDA-MB-231 and MCF-7 breast cancer cells at an IC50 of  
20 and 10 μL/mL solution concentration, respectively (24). 
Efficacy has also been observed in vivo; an animal model 
study of stomach cancer demonstrated that Neem leaf 
extract (AAILE) could reduce tumor size (141). Several 

studies indicate apoptosis occurs due to activation of the 
intrinsic pathway of apoptosis, and that components of the 
NF-kB pathway also play a role. For example, treatment 
of hepatocarcinoma cell lines with Neem decreased Bcl-2 
expression levels and increased caspase-3 and Bax expression 
(components of the intrinsic pathway of apoptosis) and that 
this occurred due to decreased expression of p50 and p65 
(key components of the NF-kB pathway) (78). Nimbolide 
has also been shown to promote cancer cell apoptosis in 
neuroblastoma and colon cancer through reducing Bcl-2  
levels while increasing Bax levels and caspase levels 
(133,142,143). When used in combination with standard 

Table 4 In vivo anti-cancer effect of Neem (Azadirachta indica) on PCa

Type of study Cell line Type of extract Concentration Dosage Effect Mechanism References

In vivo TRAMP Nimbolide 3 mg/kg 5 times/week for 
6–12 weeks 

Reduced tumor 
growth and 
metastasis

Inhibition of STAT3 
phosphorylation, 
decrease in Ki-67 

(8)

In vivo C4-2B and 
PC-3M-luc2 in 
nude mice

Ethanolic Neem 
leaf extract

100, 200 mg/kg 6 times/week for 
8–11 weeks

Inhibited tumor 
growth

Promotion of 
hyalinization and 
apoptosis

(12)

In vivo LNCaP-luc2 
xenograft  
in nude mice 

SENL 100, 200 mg/kg 6 times/week for 
9 weeks

Reduced tumor 
growth 

Promotion of 
hyalinization and 
apoptosis

(13)

PCa, prostate cancer; SENL, supercritical extract of Neem leaves.

Table 5 Anti-cancer effect of Neem (Azadirachta indica) on different cancer types

Cancer type Mechanism Neem component References

Skin cancer Inhibition of pro cancer inflammatory signals NLE (127)

Cytotoxic activity Limonoid (128)

PCa Apoptosis NLE (129)

Cytotoxicity Nimbolide (130)

Cervical cancer Cell cycle arrest NLE (128)

Ovarian cancer Cytotoxicity Nimbolide (75)

Breast cancer Destabilization of mitochondrial membrane potential. ROS generation and cell cycle arrest Neem seed oil (24)

Colon cancer Apoptosis Nimbolide (19)

Cell cycle arrest Limonoid (131)

Lung cancer Apoptosis Nimbolide (130)

Stomach cancer Elevated antioxidant enzymes and inhibition of lipid peroxidation NLE (132)

Liver cancer Apoptosis Nimbolide (133)

EC Increased production of CD4+ and CD8+ T cells NLE (134)

PCa, prostate cancer; NLE, Neem leaf extract; ROS, reactive oxygen species; EC, Ehrlich’s carcinoma. 
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of care cytotoxic chemotherapy, Neem and Neem-based 
products can further increase drug-mediated cancer cell 
apoptosis. For example, treatment of HeLa cells (derived 
from a cervical cancer patient) with a combination 
of cisplatin and ENLE resulted in a 50% increase it 
cytotoxicity when compared with treatment with Neem 
or cisplatin as single agents (140). Nimbolide induced 
apoptosis in PC-3 cells by activating DNA fragmentation, 
and increased levels of the Fas ligand, FADDR, Bax, Bad 
and IGF binding protein 3, while decreasing PI3K, Akt, 
IGF1 and IGF1R. Nimbolide also increased the expression 
of caspases 8, 3, 10, 9, and cytochrome c and decreased 
the expression of XIAP, Bcl2, cleaved PARP and p-Akt (9). 
ENLE was also shown to induce DNA fragmentation in 
PC-3 cells (10), and induced apoptosis in both LNCaP and 
PC-3 (11). Another study showed that ENLE-suppression 
of C4-2B and PC-3M-luc2 tumor growth is associated with 
the formation of hyalinized fibrous tumor tissue and the 
induction of cell death by apoptosis, as well as an increase 
in the protein expression levels of HMOX1, AKR1C2, 
AKR1C3, and AKR1B10 (12). Thus there is significant 
evidence that Neem extracts can induce apoptosis in PCa 
cells. 

Inhibition of cell proliferation

Many cancer drugs work by inhibiting cancer cell 
proliferation (144). Neem and its components have been 
shown to inhibit the proliferation of several types of cancer 
cells. For example, azadirachtin can inhibit cervical cancer 
cells (HeLa) by decreasing levels of cyclin B and cyclin 
D1 and thereby causing cell cycle arrest at the G0/G1 
phase (145). Nimbolide has been demonstrated to reduce 
proliferation of bladder cancer cells at an IC50 of 3 μM 
with cell cycle arrest in the G2/M phase (81), and in oral 
squamous cell carcinoma can reduce cell proliferation in a 
dose-dependent manner (127). In swiss albino mice, NLE 
was used as prophylactic treatment for EC (134,146). In this 
study, a significant increase in antibody production against 
B16 melanoma antigen was detected in mice treated with 
Neem leaf preparation (NLP) once weekly for 4 weeks. 
An increase in number of splenic T lymphocytes (CD4+ 
and CD8+) and NK cells were also recorded in treated 
mice. Nimbolide treatment also suppressed expression 
of TNF-α, SODD, Grb2, SOS mRNA and modulated 
TNF-α/TNFR1 regulated NF-κB and MAPK signaling 
molecules in PC-3 cells (7). This inhibited PCa cell 
survival and proliferation via NF-κB and MAPK pathways. 

Nimbolide acts as a potent anti-cancer agent by inhibiting 
cell proliferation via PI3K/Akt pathway in PC-3 cells (9). 
Treatment of C4-2B and PC-3M-luc2 cells with ENLE 
also inhibited cell proliferation (12). Similar effects were 
also seen in LNCaP and PC-3 cells (11). These evidences 
point to anti-proliferative effects of Neem derivatives that 
can be used in preventing PCa proliferation. 

Angiogenesis

Angiogenesis promotes cancer metastasis and as such is a 
key target of several cancer drugs, for example bevacizumab 
and thalidomide (147). Angiogenesis also plays a key role in 
driving PCa progression (148). Neem and its components 
have been shown to inhibit angiogenesis through 
suppressing levels of vascular endothelial growth factor 
(VEGF) and thereby inhibiting proliferation, migration, 
and invasion of human umbilical vein endothelial cells 
(HUVEC) (90). An in vivo study by Gupta et al. (149) 
showed that the Neem component nimbolide (at 5 and 
20 mg/kg b.w., i.p.) significantly reduced the growth of 
colorectal cancer xenografts. They found a significant 
downregulation in the expression of NF-κB regulated 
tumorigenic proteins including VEGF, the growth factor 
which drives angiogenesis. Another in vivo study in DMBA-
induced hamster buccal pouch (HBP) carcinogenesis 
model demonstrated inhibition of angiogenesis by NLE 
when administered at 10 mg/kg body weight (150). After 
analyzing the mechanism of chemo-prevention they found 
multitargeted mode of action including angiogenesis 
and multiple polar phytochemicals responsible for the  
action (150). A similar study also using the DMBA-induced 
HBP carcinogenesis model compared the chemopreventive 
potential of the Neem limonoids azadirachtin and 
nimbolide. They found that nimbolide was a more potent 
antioxidant and chemopreventive agent as compared to 
azadirachtin and results in multitargeted prevention and 
treatment of cancer including inhibition of tumor invasion 
and angiogenesis (94). While no published studies focused 
on the role of Neem in preventing angiogenesis in PCa, 
the above reports point to the possibility of using Neem 
extracts and derivatives in an anti-angiogenic role. 

Inhibition of inflammation

Inflammation has been shown to contribute to the incidence 
and progression of several cancer types, including PCa (151).  
Inflammation primarily occurs through activation of the NF-
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kB signaling pathway (152-154). While anti-inflammatory 
drugs such as prednisone and dexamethasone are often co-
administered with chemotherapy to help reduce inflammation 
and other chemotherapy-related side effects (155),  
they are not currently used as individual agents for PCa 
chemoprevention or treatment, however, several pre-clinical 
studies are on-going to test their effects (156). Preclinical 
studies in other cancer types indicate that Neem can inhibit 
inflammation through abrogation of the synthesis and/or 
activation of cytokines, transcription factors, enzymes, and 
receptors which drive NF-kB signaling pathway activation 
(26,48). For example, in chronic myeloid leukemia (CML) 
K562 and Jurkat cells, it was shown that quercetin, a 
component of NLE (100 μM), could inhibit TNF-α induced 
NF-kB signaling (48). In the same study, it was found that 
this was due to the ability of NLE and quercetin to reduce 
the catalytic activity of IKKβ. Multiple studies also point 
to a role for Neem and its derivatives in preventing NF-kB  
signaling in PCa (7). Thus, PCa inflammation can be 
suppressed by Neem as well. 

Impact of combining Neem with standard of 
care treatments for cancer

Cancer is a complex disease which needs amalgamation of 
multiple regimens to enhance efficacy, particularly for late-
stage disease. For example, a common treatment regimen 
for CRPC are the androgen synthesis inhibitor Abiraterone 
acetate plus prednisone, the AR inhibitors enzalutamide, 
apalutamide and darolutamide, the chemotherapeutic 
agents docetaxel and cabazitaxel, and others such as the 
radiotherapeutic radium-223 and the immunotherapeutic 
sipuleucel-T (157). Several studies have reported that Neem 
extracts can induce chemo-sensitization of tumor cells in 
addition to reducing the adverse effects and toxicity of 
chemotherapeutic drugs. For example, combination therapy 
of Neem-derived Gedunin and cisplatin was evaluated on 
SKOV3, OVCAR4, and OVCAR8 ovarian cancer cell lines 
proliferation. Their results showed about 50% decrease in 
proliferation of cancer cells compared to the cells treated 
with only cisplatin (158). Another study showed the 
synergistic growth inhibition of breast and cervical cells via 
combinations of ethanolic Neem leaf extract (ENLE) with 
cisplatin as compared to the individual drugs, combination 
index <1 (140). The adriamycin (ADR) resistance in 
multidrug-resistant MCF-7 human breast cancer cell line 
is associated with the presence of high-level expression of 

P-glycoprotein. Quercetin, a Neem-extracted flavonoid was 
shown to reduce the expression of P-glycoprotein in MCF-7  
ADR-resistant cells and thus proved to show additive effect 
on ADR therapy for breast cancer in vitro study (159). Ghosh 
et al. (160) showed in both in vitro and in vivo conditions 
that NLE is an effective tool to reduce CYP-induced 
hematological complications such as the occurrence of 
leukopenia and neutropenia that are found to be a life-
threatening complication of chemotherapy. They found that 
treatment with NLE alleviates CYP-caused leukopenia and 
neutropenia in both normal mice and the tumor bearing 
mice (160). Another study showed that NLE has significant 
effect in prevention of leukocyte apoptosis that may happen 
by treatment with cisplatin plus 5-fluorouracil (5-FU) in 
swiss mice (161). In addition, they report that the efficacy 
of NLE is comparable to granulocyte colony stimulating 
factor (GCSF) in its ability to protect against leukocyte 
apoptosis induced by chemo agents and that it would be a 
better choice of treatment because GCSF is found to be 
tumor promoting and expensive. Cisplatin is one of the 
most valuable and potent chemotherapeutic drug used 
for the treatment of broad spectrum of malignancies such 
as testicular, head and neck, ovarian, cervical, and NSC-
lung carcinoma. However, its clinical dose-limiting side 
effect is nephrotoxicity. Abdel Moneim et al. (162) showed 
that methanolic NLE can attenuate cisplatin-induced 
nephrotoxicity. In their study, they investigated the effects 
of methanolic NLE (500 mg/kg bwt) given by gastric 
gavage on cisplatin induced toxicity of kidneys in rats. The 
injuries of the renal tissue (as histopathological damages and 
increased serum uric acid, urea, and creatinine) by cisplatin 
were rescued by oral administration of methanolic NLE for 
5 days. In addition, the other major side effect of cisplatin, 
hepatotoxicity, could also be prevented by administration 
of Neem leaf supplements (137). A significant decrease 
of elevated serum aspartate aminotransferase, alanine 
aminotransferase, alkaline phosphatase, total bilirubin, 
urea, uric acid, and creatinine was observed by before 
or after administration of Neem supplement. Another 
study reported that nimbolide, a triterpenoid isolated 
from Neem, can enhance the sensitization of tumor cells 
to chemotherapeutic agents by inhibiting the activation 
of NF-κB (163). While Neem has not been shown to 
be effective against docetaxel, it has been found to be 
effective in paclitaxel resistant colon cancer and liver cancer  
cells (164). It remains to be seen whether Neem can be 
effective in docetaxel resistant PCa cells as well. 
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Toxicities

While medicinal plants, including Neem, have been used 
for several millennia for diverse purposes in the life of 
mankind particularly as medicines for the treatment of 
various diseases, it is well known that some of them can 
have serious toxicities at higher doses. A major concern is 
that extraction methods can change the concentration of 
specific compounds and that the concentration of these 
compounds in the final extract is often unknown. Toxicities 
have been reported for Neem and Neem products. For 
example, excessively high doses of Neem oil has been 
demonstrated to cause poisoning in children in the form 
of hepatic toxicity, encephalopathy, metabolic acidosis, 
vomiting and at lower levels in adults (165). A case study 
on a patient who had accidently consumed 20 mL of Neem 
Oil reported that the patient suffered seizures, vomiting and 
encephalopathy. The potential for toxicity of Neem extracts 
has been investigated in several animal models. When mice 
were treated with Neem in an aqueous extract form it was 
found to have an LD50 value of 13 g/kg (which is quite 
high), similar values were obtained when using methanolic 
extract form in rats (26). However, other groups showed 
that the aqueous extract of Neem leaf is not toxic to rats 
and they reported LD50 as >2.5 g/kg body weight (166). 
The latter group demonstrated in their toxicity studies that 
no mortality observed with 2.5 g/kg dose of AIE in mice 
and no significant alterations in body or tissues weight, food 
and water intake, hematological profile and various liver and 
kidney function in rats when treated for 28 days with 1 g/kg  
dose of AIE. In addition, Raizada et al. (167) found that 
azadirachtin from Neem when administered orally to rats 
of both sexes at doses of 500, 1,000 and 1,500 mg/kg/day 
for 90 days did not produce any signs of toxicity, mortality, 
changes in tissue weight, pathology and serum and blood 
parameters. Toxicities may also result from the route of 
administration. For example, nimbolide and nimbic acid, 
when given intravenously (i.v.) or intraperitoneally (i.p.) led 
to causalities in both rats and rabbits with 24 hours LD50 
values of 14 and 24 mL/kg, respectively whereas it wasn’t 
toxic when given via intragastric (i.g.) route (168). 

The combined data indicate that caution should still be 
taken when consuming Neem and Neem products even 
though Neem-based products have been consumed for 
several millennia and the controlled consumption of Neem 
products can be considered as safe. 

Other uses of Neem

Azadirachta indica, which can be found in abundance in 
the southeast Asian tropics, demonstrates ability to act as 
efficacious dosage forms for pesticidal agents as well as 
cytotoxic agents. In a study, Neem powder was revealed 
to have similar biopesticidal effects on larvae as aqueous 
NLE. However in equal concentrations, powdered Neem 
appeared to act faster on mosquitoes than its aqueous 
counterpart (104). In comparing NLE and Neem oil as 
fungicidal agents, Neem oil seemed to be more effective at 
suppressing fungal growth than NLE (169). Many studies 
find NLE to be efficacious biocidal agents. Methanolic 
extract of Neem leaves were synthesized into anti-bacterial 
microspheres and incorporated into a topical gel for the 
treatment of bacterial infection. The methanolic extract of 
Neem leaves overcomes poisonous effects of its synthetic 
gel counterpart (170). ENLE was used to form ethosome 
for dermal delivery of a biocidal fungicidal agent called 
luliconazole. The dosage form was successful for sustained 
release, targeted delivery, and increased drug permeability 
through lipid vesicle which all aided to enhance the 
bioavailability of luliconazole (171). Neem leaf powder was 
combined with alginate to create beads for fungicide thiram 
delivery and found to potentiate pesticide contents due to 
inherent pesticidal activity with less toxic effects (172). Neem 
leaf powder has also been used to make activated charcoal 
and shown to adsorb heavy metals (Pb, Cu, Cd, Zn, Ni, Cr) 
in a spontaneous, endothermic and favorable manner (173).

In addition to the above plant extracts, seed oil from the 
Azadirachta indica have also been utilized for its biocidal 
effects. Neem oil is notable for its biologically active 
compound azadirachtin which has been promoted as a 
low cost, eco-friendly and easy to handle insecticide (174). 
Zein nanoparticles, a precipitated dosage form of Neem 
oil, employ an environmentally friendly antisolvent. The 
nanocarrier allows lower doses and numbers of applications 
of the pesticide in agriculture (175). NE were compared 
to non-formulated Neem oil. NE was found to increase 
mortality of tested species Sitophilus oryzae and Tribolium 
castaneum with less toxicity than synthetic pesticide (176). 
Larvicidal properties of Neem oil were studied as urea 
NE which demonstrated to be an environmentally benign 
efficacious form of A. aegypti and C. tritaeniorhynchus 
mosquito control. Neem oil has also been studied for its 
ability to disrupt bacterial cell membrane of Vibrio vulnificus. 
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The antibacterial NE was found to be nontoxic to human 
lymphocytes at lower concentrations, but possibly toxic to 
human lymphocytes at higher concentrations with depletion 
of catalase, SOD and GSH (177).

Conclusions and future perspective

Neem and Neem-based products can clearly inhibit the 
processes which drive PCa incidence, progression, and 
resistance to chemotherapy in pre-clinical settings, and 
do so by inhibiting the pathways known to mediate these 
processes including the AR pathway, PI3K/Akt pathway, 
and intrinsic pathway of apoptosis amongst others. This, 
combined with the favorable safety profile of Neem, 
indicates that clinical studies of Neem for the treatment of 
PCa are warranted. Which Neem derivative should be used 
for clinical studies is a major consideration as pre-clinical 
studies have not directly compared efficacy or mechanism 
of action and there are likely to be differences between 
them. With this in mind, consideration should be given to 
matching known effects of each Neem product with PCa 
disease stage and/or knowledge of which pathway is driving 
patient disease progression or resistance to therapy. Further 
investigation of Neem and Neem products for treatment 
of PCa is supported by their relatively low cost and low 
toxicity levels, as long as used at reasonable (physiological) 
doses, and used in reasonable routes of administration. It 
may be kept in mind, that taxols, when first isolated from 
the bark of the Pacific yew tree, was considered to be toxic, 
but then went on to create therapeutic history by being one 
of the most widely used chemotherapeutic drugs available.
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