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ABSTRACT

Azadirachta indica ( Neem) belonging to Meliaceae family is a very important medicinal plant
traditionally used to treat different diseases in Ayurveda, Unani and Homeopathic Medicine and
attracted worldwide prominence in  recent years due to its wide range of therapeutic properties
and has become a cynosure of modern medicine. All parts of the ever green Neem tree- leaves,
flowers, seeds, fruits, roots and bark have been traditionally used for the treatment of various
diseases including inflammation, infections, fever, skin diseases and dental disorders. More
than 250 biologically active compounds with diverse complex chemical structures and
pharmacological properties   have been isolated from   different parts of Neem. The
pharmacological properties exhibited by these compounds include immunomodulatory, anti-
inflammatory, antihyperglycaemic, antiulcer, antimalarial, antifungal, antibacterial, antiviral,
antioxidant, antimutagenic , anticarcinogenic  etc. The present review summarizing the wide
range of therapeutic properties of Neem and its compounds may be useful for the development
of therapeutically important drugs based on the ever green wonder tree “Neem” as   eco-
friendly sustainable approach for providing better healthcare to ailing humanity.
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INTRODUCTION

A large number of medicinal plants and
herbs have been used for thousands of centuries
by many cultures to treat varieties of diseases
and found to play vital role in health care of ailing
humanity. Herbal treatment is very popular
because it is easily available, cheap and less
toxic. Further the recent resurgence of interest
in plant derived drugs has focused the attention
of   scientists and clinicians to develop safe and
long acting herbal products beneficial to disease
conditions as the drugs available in modern
system of medicine produce side effects and the
patients get immunologically deficient on long
term use of these allopathic medicines.
Azadirachta indica (neem) belonging to
Meliaceae family is very important medicinal plant
which is traditionally used to treat different
diseases.  Azadirachta indica commonly known
as “Neem” has found a significant place in Indian
System of Medicine due to its potential efficacy

in treatment of varieties of diseases including
chronic disorders. “Neem” is grown in India,
Pakistan, Africa and China. Its temperament is
cold and dry. All parts of tree have medicinal
properties [1]. It is still used as traditional medicine,
for dental hygiene, for timber and most important
for insect control [2]. Neem has two closely related
species: A. indica A. Juss and M. azedarac, the
former is popularly known as Indian neem
(margosa tree) or Indian lilac, and the other as
the Persian lilac. Almost all parts of the neem
tree have been used as traditional Ayurvedic,
unani and sidhha medicine in India [3] [4] [5] [6]. Neem
oil, bark and leaf extracts have been
therapeutically used as folk medicine to control
leprosy, intestinal disorders, helminthiasis,
respiratory disorders, constipation, blood purifier
and also as a general health tonic [7] [8] [9]. It is
also used for the treatment of rheumatism,
chronic syphilitic sores and indolent ulcer. Neem
oil isolated from its fruits and seeds [10] [11] [12] is
used to control various skin infections.
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Traditionally, neem is also widely used in Indian
Ayurvedic medicine system for the treatment of
incurable diabetes. [5] [13] [14]  Bark ,leaf, root, flower
and fruit together cure blood morbidity, biliary
afflictions, itching, skin ulcers, burning sensations
and pthysis.   Now a days, the formulation of
neem oil has been effective to controlling
mosquito larvae in different breeding sites under
natural field conditions. This could be used as
an alternative medicine for malaria control. [6] [8]

[15].

Neem has become important in global
context today because it offers answer to the
major concerns facing mankind. Neem
(Azadirachta indica) is considered harmless to
humans, animals, birds, beneficial insects and
earthworms, and has been approved by the US
Environmental Protection Agency for use on
Food crops [16]. More than 250 compounds have
been isolated from different parts of neem and
several reviews have also been published on the
chemistry and structural diversity of these
compounds [17] [18] [19]. The compounds have been
divided into two major classes:  isoprenoids (like
diterpenoids and triterpenoids containing
protomeliacins, limonoids, azadirone and its
derivatives, gedunin and its derivatives, vilasinin
type of compounds and C- secomeliacins such
as nimbin, salanin and azadirachtin ) and non-
isoprenoids, which are proteins (amino acids)
and carbohydrates (polysaccharides),
sulphurous compounds, polyphenolics such as
flavonoids and their glycosides, dihydrochalcone,
coumarin and tannins, aliphatic compounds, etc.
Various biological activities including anti-
inflammatory, antiarthritic,   antipyretic,
hypoglycaemic, antigastric ulcer, spermicidal,
antifungal, antibacterial, diuretic, antimalarial,
antitumour, immuno- modulatory  etc. have been
associated with neem compounds [20] [21] [22].
Nimbidin, a major crude bitter principle extracted
from the oil of seed kernels of A. indica
demonstrated several biological activities. From
this crude principle some tetranortriterpenes,
including nimbin, nimbinin, nimbidinin, nimbolide
and nimbidic acid have been isolated.

In view of beneficial actions of Azadirachta
Indica and its compounds in treatment of various
chronic diseases for which our modern system
of medicine have no permanent cure, attempts

have been made to review pharmacological
properties of this important tree and its
compounds which may be useful towards
development of therapeutically useful drugs
based on the wonderful tree “Neem” as eco-
friendly approach for providing better healthcare
to ailing humanity.

BOTANICAL CLASSIFICATION OF NEEM [23]

Two species of Neem (1) Azadirachta
indica: Found in Native to Indian subcontinent
(2) Azadirachta excelsa:  Found in Indonesia
and Philippines   have been reported.

Kingdom: Plantae

Division: Magnoliophyta

Order: Sapindales

Family: Meliaceae

Genus: Azadirachta

Species: A.indica

Phytochemical Compounds of Neem

The chemical constituent of the Neem plant
is a blend of 3 to 4 actively related compounds,
with over 20 lesser ones. Presently over 250
compounds have been identified. The
compounds have been divided into two major
classes:  isoprenoids (like diterpenoids and
triterpenoids containing protomeliacins,
limonoids, azadirone and its derivatives, gedunin
and its derivatives, vilasinin type of compounds
and C- secomeliacins such as nimbin, salanin
and azadirachtin ) and non-isoprenoids, which
are proteins (amino acids) and carbohydrates
(polysaccharides), sulphurous compounds,
polyphenolics such as flavonoids and their
glycosides, dihydrochalcone, coumarin and
tannins, aliphatic compounds, etc.  The important
classes include  triterpenoids and limonoids:
saladucin, valassin, meliacin, Nimbin Nimbicin,
geducin, Azadirachtin etc [24] [25] [26]. The highest
concentrations of the active ingredients are found
in the seed and oil, however the active
ingredients are also found in lesser amounts in
the bark and the leaves. The pharmacological
activities  of some of important compounds are-

Nimbin: anti-inflammatory, anti-pyretic, anti-
histamine, anti-fungal

Nimbidin :   anti-inflammatory,   antiarthritic, anti-
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pyretic, hypoglycemic, antigastric ulcer, anti-
fungal, spermicidal ,antibacterial, diuretic,
analgesic, anti-arrhythmic

Ninbidol: anti-tubercular, anti-protozoan, anti-
pyretic

Gedunin: vasodilator, anti-malarial, anti-fungal

Sodium nimbinate:  diuretic, spermicide, anti-
arthritic

Quercetin:  anti-protozoal

Salannin:  insect repellent

Azadirachtin: insect repellent, anti-feedant, anti-
hormonal

Traditional Uses of Neem in Ayurveda

Traditionally Neem is used in Ayurveda for
a number of conditions. It is one of the main
ingredients in every blood purification formula
used in Ayurveda and it appears in most diabetic
formulas as well. It is also used for arthritis,
rheumatism, the removal of external and internal
parasites, including malaria and fevers and as
an insect repellent. One of the most famous uses
for Neem is to prevent tooth decay and gum
disease. Neem twigs and leaves have been used
for thousands of years by millions of people in
India to brush their teeth and cleanse their gums
to promote oral hygiene. Today hundreds of
scientific clinical studies confirm the wisdom of
India’s people and her Ancient Ayurvedic medical
texts.

Pharmacological Activities of Azadirachta
Indica

Animal and in vitro studies

Anti-infectious activity :

Neem leaf extracts have been shown to
possess broad antimicrobial activity.[27] [ 28] [ 29] [ 30]

[31]

· Antifungal against Trichophyton,
Epidermophyton, Microsporium,
Trichosporum, Geotricum, Candida

· Antiviral against vaccinia virus, measles
virus, group- B Coxsackie viruses, human
papilloma viruses, herpes virus type 1 and
type 2

· Antibacterial against Mycobacterium
tuberculosis streptomycin-resistant strains,

Vibrio cholerae, Klebsiella pneumoniae, S.
aureus, S.coagulase, Streptococus
mutans,Streptococus faecalis

· Antimalarial against Plasmodium falciparum

· Anthelmintic against Toxocara canis and
Toxoplasma

Wound healing activity:

Neem has been found to be safe and
effective pro-healer for burns. Tolerability study
in seven  patients with 2nd degree burns revealed
initial stinging sensation on application of neem
which disappeared on further continuation. No
other adverse effects were reported. The burns
epithelial zed  by four  weeks [32].

Anti-inflammatory and antipyretic activity:

Nimbidin (a bitter compound), gallic acid,
epicatechin, catechin, and polysaccharides
isolated from neem possess significant dose-
dependent anti-inflammatory, and antipyretic
activity in different animal models (carrageenin-
induced acute paw edema in rats and formalin-
induced arthritis) [28]. Neem extract was over times
more effective at reducing inflammation than
hydrocortisone [33].

Mosquitoes repellent and protector against
vector-borne diseases:

The repellent action of neem (A. indica)
cream (5% neem oil in vanishing cream) has
been reported to afford more than 90% protection
against both malaria vector (Anopheles gambiae)
and culicine mosquitoes in the field [34]. Kerosene
lamps containing neem oil reduce the biting and
indoor resting density of mosquitoes, with better
protection against Anopheles than Culex [35].

Immunomodulatory activity:

Neem leaf aqueous extracts or powder,
when taken orally, have been shown to enhance
both the cell-mediated and humoral immune
responses via different mechanisms. It produced
an increase in leukocytes, lymphocyte,
erythrocyte counts and synthesis of antibodies
[36] [37] [38]. Ovalbumin immunized mice treated with
neem leaf extract (100mg/kg) had higher IgM,
IgG and anti-ovalbumin antibody compared with
control. There was also enhancement of
macrophage migration inhibition [39].
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Anti-allergic activity:

Neem has been found to inhibit allergic
reactions when taken orally or applied externally,
due to its antihistaminic effect [40]. Thus, it may
be useful in skin allergies, allergic bronchial
asthma.

Hepatoprotective activity:

Neem leaf aqueous extract has been found
to  exhibit hepatoprotective effect against
paracetamol-induced liver damage in rats [41].

Contraceptive effect in both male and female
animals:

Contraceptive effect of neem oil and leaf
extract has been demonstrated in male and
female rats [42] [43]. The studies have revealed that
the total number of normal follicles was
significantly reduced in rats orally treated with
4.6ml/kg neem seed oil for 18 days [44]. In another
study, polar and non-polar fractions of neem seed
extract were administered by oral route (3 mg
and 6 mg/kg body weight/day) to cyclic female
albino rats and  there was a significant reduction
in the number of normal single layered follicles,
follicles in various stages (I-VII) of follicular
development, and the total number of normal
follicles  has been observed [43].

Anti-cancer activity:

Different extracts of neem leaf have been
shown to produce chemopreventive effects
against polycyclic aromatic hydrocarbons -
induced skin and forestomach tumorigenesis in
animals [45] [46]. Polycyclic aromatic hydrocarbons
are omnipresent pollutants and represent a risk
factor for human carcinogenesis.

Hypolipidemic effect :

Alcoholic extract of neem leaves has been
found to reduce serum cholesterol level by about
30% [47].

Hypoglycemic effect :

Neem extract has been found to exhibit
hypoglycemic effect without altering serum
cortisol concentration (as punarnava and tulsi
did), thus its effect is not mediated through a
cortisol inhibition[48]. A possible mechanism of
antyhyperglycemic effect is represented by the

blockage of inhibitory action of serotonin on
insulin secretion mediated by glucose [47]. The
hypoglycemic effect of neem has been found to
be lower than that of bimbi (Coccinia indica),
Madagascar periwinkle (Vinca rosea) and
bibhitaki (Terminalia belerica), but higher than
that of bilva (Aegle marmelos), ginger (Zingiber
officinale) and tulsi (Ocimum sanctum) [49].

Anti-atherogenic activity:

The polyphenolic extracts of neem has been
found to inhibit the transcriptional expression of
several genes having direct involvement in
atherogenic process in normal human
mononuclear cells culture: the genes coding for
LDLR, LKR alpha, PPARs (alpha, gamma), CD-
36 and c-myc  [50].

Antinociceptive effect :

Neem leaves have been reported to relieve
pain by opioidergic as well as non-opiodergic
mechanisms [51] [52].

Hypotensive effect :

Neem leaf extracts have been shown to
cause significant decrease of blood pressure.
This hypotensive effect may be explained
through several mechanisms: vasodilatation
produced by nimbidin which acts as an
antihistaminic agent, possesses diuretic activity
[53] [14] [54].

Anti-arrhythmic activity:

Neem leaves extract has been shown to
exhibit anti-arrhythmic and bradicardic activity [55].

Anti-ulcer activity:

Oral doses of neem leaf extracts have been
found to protect against peptic ulcers, duodenal
ulcers and  to enhance the healing process of
gastric lesions [56]. Anti-ulcer activity has several
mechanisms: reduction of hydrochloric acid
secretion and peptic activity of gastric fluids, anti-
inflammatory activity, antibacterial activity
(possible anti-Helicobacter pylori), involvement
of H+ K+ ATPase inhibition and scavenging of
hydroxyl radical [57].

Toxicity at high doses:

Aqueous suspension of green or dried neem
leaves given to goats and guinea pigs, at doses
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of 50 or 200 mg/kg for 8 weeks, has been shown
to produce decrease in body weight, weakness,
inappetence, decrease in heart  pulse and
respiratory rates, increase in plasma levels of
hepatic transaminases. Histopathologically, there
were signs of hemorrhage, congestion and
degeneration in the liver, kidney, lung, brain and
seminiferous tubules. No hematological changes
were observed, although there was a tendency
towards lowered erythrocyte counts, packed cell
volume and hemoglobin concentration [58].

Human clinical studies

Anti-psoriasis activity:

A double blind clinical drug trial (n=50)
showed that patients with uncomplicated
psoriasis taking an oral drug made up of aqueous
extract of neem leaves in addition to conventional
coal tar had shown a quicker and better response
in comparison to placebo group [59]. In another
study, neem leaf extract (300mg daily) taken
orally supplemented with application of
antipsoriatic coal tar ointment over lesions
resulted in reduction of erythema, desquamation
and infiltration of psoriatic lesions [60].

Anti-scabie activity:

Neem and turmeric were used as a paste
for the treatment of scabies in 814 people. In 97%
of cases cure was obtained within 3 to 15 days
of treatment. No toxic or adverse reaction was
observed [61].

Hypolipidemic effect:

In a clinical trial carried out in a group of
malarial patients severely infected with
P.falciparum, the lipid level, especially
cholesterol, was found to be lower during neem
extract therapy when compared to non-malaria
patients [62].

Protection against periodontal disorders:

The leaves of neem  has been found to
produce protection against human plaque, root
caries and oral surfaces 176 pathogens like
Actinomyces naeslundii, A. vicosus, Rothia
dentocariosa, Corynebacterium matruchotti,
Peptococus, Fusobacterium, Bacteroides, and
Candida. Neem also contains fluoride which elicit
anticariogenic effect when applied locally or

ingested (it become incorporated into enamel as
fluoroapatite) [63] [64] [65].

Hypoglycemic effect:

Drinking of cup of mild neem leaf twice daily
has been found to  reduce significantly the need
for insulin [66].

Reducer of eosinophil count:

Oral administration of 100 mg nimbidin three
times daily for 10 consecutive days to tropical
eosinophilia patients has been shown to cause
25% reduction in total eosinophil count with a
marked symptomatic relief  [67].

Local spermicidal effect:

Minimum effective spermicidal
concentrations for tender and old neem leaf
extracts were 2.91 +/- 0.669 mg/million sperm
and 2.75 +/- 0.754 mg/million sperm, respectively.
No change was observed in morphology of head,
mid-piece and tail and no viable sperm seen. The
extract produced a linear decrease in percentage
motility of sperm, becoming zero at a 3 mg dose
within 20s [68].

Safety, warnings:

Since leaves are extensively used by people
in India as “reliever of sickness” and eaten by
animal as forage, it is obvious that their toxicity,
especially when taken orally, is very low. One
should not take it for larger doses (more than 2
capsules per day) for extended periods of time.
Precautions should be taken concerning the use
of neem oil: pregnant women or those trying to
conceive should never take it orally or apply it
intra-vaginally, since neem oil possess
contraceptive properties and abortifacient
activities [69].

DISSCUSSION

Human beings are prone to attack of
diseases throughout the world, because of
increasing population and environmental
degradation more and more diseases are coming
into existence. In the present global scenario,
rapid industrialization, changes in life style,
environmental  degradation and excessive use
of pesticides, herbicides  and other toxic
chemicals in production  of  food  materials are
threatening  the life of human beings and posing
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health  hazards  resulting into causation of
dreadful  diseases and chronic disorders  like
cardiovascular diseases, liver diseases, kidney
diseases, cancer, diabetes, neurodegenerative
disorders, AIDS, rheumatoid arthritis ,
osteoarthritis,, respiratory diseases  etc. for which
our modern systems of medicine have no
permanent  cure. Further, the continuous use of
potent drugs is associated with gradual decay of
the bodies’ resistance mechanism and this, as
well as, the harmful  side effects of these
medicines have led to proscription of many
standard remedies in recent years. This has been
realized both in affluent west as well as in the
poor east and there is now a growing tendency
towards the use of herbal remedies.  Medicinal
herbs can provide   eco-friendly sustainable
strategy for health care of ailing humanity as
these herbs have been found to modulate the
immune system of the body thereby making the
body more capable to fight against   complex
diseases  .  India’s century old heritage of
traditional medical systems using natural
products have been utilized for addressing
preventive as well as curative aspects of   health
care in the country. Preparations of plants or parts
of them have been widely  used in popular
medicine since ancient times and till today the
use of phytomedicines  is widespread in most of
the world’s population. Medicinal plants / herbs
are used for thousands of centuries by many
cultures for their medicinal values. Herbal
treatment is very popular because it is easily
available, cheap and less toxic. Indian herbs
used since millennia in Ayurveda yet need
scientific validation and proof for their organic
nature and high quality control with correct
identification of the herbs etc. Their therapeutic
efficiency has not been established as yet. The
use of herbals as   alternative and complementary
medicine is becoming more and more important
because of their safety in comparison to modern
drugs in which  people  are  losing faith due to
their common toxic and adverse reactions. Neem
(Azadirachta indica) is the most useful traditional
medicinal plant in India which is widely distributed
in our subcontinent during all seasons. For
thousands of years the beneficial properties of
A. indica have been recognized in the Indian
traditional medicine. The ever green  Neem tree
with medicinal uses of its all parts - leaves,

flowers, seeds, fruits, roots and bark for the
treatment of various diseases  including
inflammation, infections, fever, skin diseases ,
dental disorders etc.  and having a vast array of
biologically active compounds with diverse
complex chemical structures  and
pharmacological activities has attracted
worldwide prominence in  recent years due to its
wide range of therapeutic properties and has
become a cynosure of modern medicine.
Different  medical  uses of parts of  Neem are
shown in Table- 1.  This review focuses mainly
on the biological  activities of some of the  neem
compounds isolated, pharmacological actions of
the neem extracts, clinical studies and medicinal
applications of neem along with their safety
evaluation. Some of the important compounds
found in Neem such as Nimbin, Nimbidin,
Ninbidol, Gedunin, Sodium nimbinate, Quercetin,
Salannin, Azadirachtin have been demonstrated
potential  therapeutic properties like  anti-
inflammatory, anti-pyretic, anti-histamine, anti-
fungal, hypoglycemic, antigastric ulcer, anti-
fungal, spermicidal ,antibacterial, diuretic,
analgesic, anti-arrhythmic, anti-tubercular, anti-
protozoan, vasodilator, anti-malarial, spermicide,
anti-arthritic, anti-protozoal, insect repellent, anti-
feedant, anti-hormonal which provide great scope
for development of drugs of choice for the
prevention and treatment of chronic disorders [28].
Based on studies conducted on animal models
and clinical studies on human subjects, the
pharmacological actions of Neem have been
presented in Figure  1 [70].
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Figure1: Pharmacological actions of Neem

Thus, Neem tree can be considered as a
unique source of natural products for
development of medicines against various
diseases. Extensive scientific investigations
followed by clinical studies may prove more
useful to explore the therapeutic efficacy of neem
tree and its biologically active compounds to
combat diseases. Investigations on bioactivity ,
standardization and toxicity of these compounds
may help in understanding the biochemical
mechanism of action.
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