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ABSTRACT KEYWORDS
Azadirachta indica A. juss, commonly known as known as Neem, has Azadirachta indica;
proven to be amiracle herb since the Vedic erain India. Neem is benefi- Neem;
cial for both short term and long term use and its effectiveness has been Azadirachtin;
validated from its utility in the traditional folk medicine. Extensive stud- Nimbidin;

Pharmacuetics;
Cosmocueticals.

ies have focused on its biological, pharmacogenetic, pharmacokinetic
and cosmetic aspects but complete description of its benefits, usage,
safety measures and clinical toxicity still remains to be identified. Neem
has been a powerful antimicrobial agent but its other inherent features
makes it important as a diuretic, hypoglycemic and hepatologic agent.
Its efficacy for cancer treatment is still unexplored. This review high-
lights the structural features of this wonder plant along with its history,
ecology, compositional aspects, its formulations and major applications
in therapy and medicine. © 2015 Trade Science Inc. - INDIA

Iran™. The extensive studies carried out with this
tree has substantiated its exceptional propertiesand
thismakes neem aprime component of cosmoceutical
and pharmaceutical industries.

Azadirachta indica has now been immensely
used for its valuable medicinal attributes for over
many decades. This tree and its parts are not only

INTRODUCTION

Medicinal plants have been exploited for their
valuable properties and pharmacologically impor-
tant elements for the welfare of mankind. It has al-
most been an erasince Neem has been explicated as
one of the most marvelous trees in the world.

Azadirachta indica, commonly called as Neem, or
Indian Lilac belongs to the family Meliaceae. It is
autochthonousto Indiaand the Indian subcontinent
and is distinctively found in the tropical and semi-
tropical zones. One of the two species of the genus
Azadirachta, isaso seen to be growing in southern

employed as medicaments but a so considerably uti-
lized intraditional Hindu vedic medicinesystemviz.,
Unani and in the homeopathic system of alternative
medicine. Neem substantially has a beneficial ef-
fect on the respiratory, cardiovascular, gastrointes-
tinal aswell asthe reproductive systems and serves
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to act as a protective barrier against some major
diseases related to these systems?. Neem tree and
its parts -leaf, stem, seed, fruit, flower, bark and
root are known for their assemblage of pharmaco-
logically active compounds such as alkal oids, pep-
tides, phenals, flavonoids, tannins, sterols, etc. which
have a composite structure and are diverse in their
chemistry®4. Neem oil has been seen to have potent
antibacterial property because of the presence of
glycosides that confer protection against antibacte-
rid infections. It participatesin the process of wound
healing and permits the skin to retain its litheness
during this time. Neem oil has the capacity to im-
prove natural immunity asit actsasacrude purifier
of various channels in the body and helps in tissue
regeneration®®. Varying from golden yellow to atinge
of reddish brown in color, neem oil comprises of
mainly triglycerides and abundance of terpenoidsthat
confer an acrid taste.

Azadirachtin, a highly oxidized tetra
nortriterpenoid, extensively studied and character-
ized in neem oil, possesses considerable amount of
acetal and hemiacetal groups, tetra substituted eth-
ylene oxide, esters derived from carboxylic acids
and avariety of alkeneswith an alkoxy substituent!.
Azadirachtin, the structurally complex amalgam, is
amember of thelimonoid group whichispresentin
the seeds of neem as a secondary metabolite. The
molecular structure of thistetranotriterpenoid com-
prises of atetrahydrofuran and both secondary and
tertiary hydroxyl groups, across sixteen stereogenic
centres, of which seven are tetrasubstituted. In ad-
dition to this, neem also contains certain steroids
such as campesterol, beta-sitosterol, etc. The con-
tent of this highly complex compound differs from
300ppm to amost 2600ppm and depends upon the
technique of itsextraction from the seedg®9.

Neem oil israrely used for cooking and is con-
sidered as non-edible, but its substantial use in
cosmoceuticals (creams, soaps, hair products) has
accentuated itsusagein the pharmaindustry to agreat
extent™. Theoil hasbeen employed to treat skin dis-
eases, inflammations, rheumatic disorders, pyogenic
infections, fever, malaria, opthalmitis, tuberculosis
and also as a larvicide and insect repellant!*©,
Biswas et al has elaborated on the bioactivity of
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neem compounds, the pharmacol ogy of neem extracts
and its usage in medicine along with assessment of
its safety™,

DESCRIPTION, ECOLOGY AND HISTORY
OF NEEM

Neem encompasses two close associated spe-
cies viz.,, Melia azedarach and Azadirachta indica
A.Juss, otherwise known as Indian neem, atree of
the mahagony family Méeliaciae. It grows at arapid
rate and can extend up to 60 ft and seldom upto 130
ftin height and isresistant to drought. It thrives best
in humid conditions with considerable amount of
rainfall and soil, with about 85-90% of sand con-
tent. This evergreen tree can sustain high tempera-
tures and usually grows with ease in sub-tropical
regions. Neem has been immensely used in
Ayurvedic treatment and traditional folklore medi-
cation and every part of thetree hasbeen utilized in
the diagnosis and treatment against many disorders
from ancient times. Neem derivesitsnamefromthe
word ‘Arishtha’ and is considered as the ‘Friend
and protector of thevillager’ in India. Vedic litera-
ture contemplates neem as““Sarvaroganirvarini’ - that
restores the normal functioning of the body curing
all disorders. Neem is a powerful antibacterial, an-
tifungal, anti-parasitic agent and isfavorablefor the
treatment of many infectiong 012,

COMPOSITION

Extensive research and examination has depicted
much about the chemical composition and structural
diversification of neem. Nimbin wasthefirst crude
compound segregated from neem oil and reported.
Since 1942, innumerable compounds have been iden-
tified and reported*>*¥, Studies have unveiled that
the compounds bel ong to the major classesof di and
tri-terpenoids including limonoids, protomeliacins
and itsderivatives, C-secomeliacins such assalanin,
nimbin, azaridiractin and nonisoprenoid derivatives
such as polysaccharides, macromolecules with
amino acid residues, polyhydroxyphenols like fla-
vonoids, benzopyrone, tannins, phenethyl phenyl ke-
tone, straight chain hydrocarbons, organosul phur
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compounds, etc. There are previous reportsthat de-
scribe the detail s of these compounds and their bio-
logical activitied®**. The structure of the com-
pounds have been depicted in Figure 1.

Neem oil aso comprises some of the extremely
essential biologically active components, nimbidin,
nimbin, nimbolide, sodium nimbidate, gedunini*&l
and avariety of polysaccharideswhich exhibit strong
antibacterial, antifungal, antimalarial, spermicidal,
anti-inflammatory, antipyretic, hypoglycaemic and
diuretic properties. Gallic acid and cateching2l,
which have potent immunomodul atory functions, are
obtained from the bark of the tree. Margolone, its
derivativesand cyclic sul phides, aso apart of neem,
isreadily utilized in bacterial and fungal infections
and inflammationg?*%%. In addition, neem oil has
ampleamount of fatty acidsincluding oleic, linoleic,
stearic, pamitic, arachidic behenic, lignoceric and
palmiticoleic acids, that provide effective treatment
for impaired skin and hair and hence emerged as a
primary component of cosmeticgs:-32,

BIOACTIVITY OF VARIOUSCOMPOUNDS
OFNEEM

Among the components discovered, a few of
them have been substantially studied and many re-
views have manifested their effect ontheliving sys-
tems. Asdiscussed earlier, one of the chief constitu-
ent, viz., nimbidin, and its tetraterpenoids (nimbin,
nimbinin, nimbolide, etc.) have shown remarkable
concentration dependent anti-inflammatory activity
in ratsthat devel oped paw edemainduced by carra-
geenan, kaolin and bradykinin and arthritisinduced
by formalin®19, Nimbidin, administered through
oral route, showed abnormally diminished levels of
glucose in blood of rabbits abstained with food.
Antipyretic?®¥ and antiul cer effects have been noted
and validated for nimbidin. It hasbeen observed that
this compound can prevent the formation of hista-
mine induced ulcers in duodenum, and also salicy-
late, 5-hydroxytryptamine or indomethacin induced
lesions in the gastrointestinal tract!?>23, Nimbidin
obstructsthe histamine H, receptorsand tendsto re-
press the basilar as well as carbamylcholine trig-
gered gastric acid output (GAO)®. The in-vitro
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studies carried out have shown to entirely retard the
growth of Trichophyton rubrumand Mycobacterium
tuberculosig?4,

Nimbolide can be manifested asan antimalarial
agent for itseffectiveinhibition of themalarial para-
site Plasmodiumfal ciparumin the erythrocytic stage
of malarial infection and also restrains the growth
of Saphylococcal speciesprimarily S. coagulase’®®
28, Recent reportsby Guptaet al. hasillustrated that
this limonoid triterpene has a constant effect and
impedes the abnormal multiplication. It aso insti-
gates programmed cell death and prevents modula-
tion and activation of Nuclear factor kappa- light-
chain-enhancer of activated B cells(NF-kB) protein
complex, thus contributing to tumorigenesisin can-
cer cells of colon or rectum by the chronological
repression of 1kB kinase(IKK) initiation followed
by addition of phosphate group to IkBa (nuclear fac-
tor of kappa light polypeptide gene enhancer in B-
cells inhibitor, apha). 1kBa are cellular peptides
which block the NF«B transcription factor by con-
cealing certain amino acid signals called the
NL S(nuclear locaization signals) (which tagsapro-
teinfor theentry into the cell nucleus) that remainin
the cytosol, inactivated. Thisfinally leadsto thedis-
placement of NFkB p65 subunit proteinsi®4.
Nimbolide, upon administration into the peritoneal
cavity of micethat areinocul ated with tumor, nota-
bly minimizesthe size of xenotransplants of the can-
cer cells of colon. These xenografts aso show a
decrease in the manifestation of antiapoptotic pro-
teins (Bcl-2,Bcl-xL) and myeloid cell differentia-
tion protein(Mcl-1), metastatic and angiogenic fac-
tors in vivo. Considerable amounts of the
triterpenoids have been isolated from the plasmaand
tumor of the micetreated with the compound(*-3234,

Neem oil also has large amounts of other
triterpenoids - gedunine, nimbin, deacetylnimbin,
azadirachtin and salanin, which are highly oxygen
enriched components, and deoxygedunine,17-
hydroxyazadiradione, azadirachtol, azadirone, etc
that have powerful anti-bacteria, antifungal, feedant
and malaria action. Gedunin is effective against
Culex quinquefasciatus, causal parasitefor dengue,
filariasis and Ostrinia nubilalig®>?, Mahmoodin
or deoxygedunin, a comparatively new
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tetranotriterpenoid, isolated from neem seed ail, is
actively effective against human pathogens and
readily hinders the growth of many gram-positive
and gram-negative microbes?d. Trihydroxybenzoic
acid, gallocatechol and catechol, extracted from the
bark of the tree, chiefly retards the rapid release of
reactive oxygen species such as superoxide radi-
cals and hydrogen peroxide during the process of
inflammation of certain granulocytes, thus stopping
the chemiluminescent behavior of these granulo-
cytes®l, Furthermore, the species of Klebsiella and
Serratia are affected by two diterpenoids, viz.,
margolone and margol onone, present in the stems of
neem, and the growth of Trichophyton species, caus-
ative agent for zoonotic diseasesin humansand ani-
mals, was hindered by cyclic sulphides extracted
from the leaves. Certain polysaccharides areidenti-
fied to have potential antiulcer activity during stress
and are capabl e of reducing the complement activa-
tion®4. Neem oil acts as a hydrophobe and thus re-
quiresasuitable surfactant for itsemulsification and
dispersion in water.

APPLICATIONSOFNEEM

Traditional aspects

The advantages of Ayurveda and its extensive
usage over a period of over one hundred years has
now become acrucial element in allopathic system
of medicine. This ancient vedic medicine has dem-
onstrated its own modus operandi and these meth-
odologies form a part of the modern medicine.
Ayurveda, Unani andindigenous medicina practices
have highlighted the benefits of neem to aconsider-
able extent. Neem seed oil aswell as other parts of
the tree are effective in therapeutics but most re-
ports havefocused on medicinal propertiesof leaves
and bark®¥, The oil, along with leaf extricates has
been beneficia in treating Hansen’s disease, helm-
inth infection, Chronic Obstructive Pulmonary Dis-
ease (COPD), dyschezia, blood infections, biledis-
ordersand various skin ailmentslikelesions, ulcers
blisters, rashes, scabies, skinirritation, mycobacte-
rial cervical lymphadenitis and non-chronic infec-
tions by Sreptococcus sp. The traditional manifes-

zjogecﬁtzofo_q
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tations also explain the use of neem as an herb that
stimulates the blood flow in pelvis areaand uterus.
Neem sometimes may betermed asan “emmenagog”
that prevents oligomenorrhea and it also acts as a
barrier for fertility control. Thus neem extricates
have been suggested for oral, genital and topical us-
age. Neem is also a potent insecticide, antifebrile
agent, pedi cul ocide and anti septi c agent-9, A mix-
ture of various oils along with neem can be used to
cut down number of pestsduring farming and in the
control of must and rust fungi, anthracnose and other
fungal diseasesin plants.

Phar macological and medicinal utilities
Nature’sNSAID

The powerful action of neem to reduce and in-
hibit inflammation, swelling, febrifuge and pain pre-
cisely fitsit into the role of commercially available
non steroidal anti-inflammatory drug(NSAID) with-
out any undesirable side effects. Neem bark extract
Is observed to cure inflammation of mucous mem-
brane of mouth and lipsininfants“’l. Substantial de-
crease of fever in male rabbits has been observed
when treated with extract of neem leaves prepared
in methyl alcohol“. Acute paw edemain rat and
swelling of ear in miceisreduced to aconsiderable
extent on application of bark extract of neem in
tricholoromethane. Studies of neem being a prime

analgesic in laboratory mice has been evident!?44*-
42

Asstimulator sof immunesystem

Recent reports have stated that a water based
preparation of neem interfereswith the complement
system stimulation and mobilization in the blood of
humang® and intensifies the response of thealbino
(laboratory-bred strain of mouse to SRBC (sheep
erythrocytes)“#, Neem affects both antibody-me-
diated betacellular immune system and cellular im-
munity, thus demonstrating its stimulating effect on
theimmune system and increased response to mito-
gensand antigens. Neem, on oral dispension, could
possibly increase the levels of immunoglobulins G
and M [43,46.47] .

Diminish excessglucoselevel in blood
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Neem in water formulations are efficacious in
diminishing the abnormal sugar level in blood by
arresting the degree of production of epinephrineand
risein quantity of dextrosein blood“d. The formu-
lation indicates decreased blood sugar in rats that
wereinduced with diabetesmellitusin vivo but main-
tenance os a normal level of glucose in blood of
normal rats fed with the leaf extract, depicting that
neem keeps a check on the blood glucose level in
the body whichismainly dueto the presence of cer-
tain flavonoids and polysaccharides*?.

I nter ceptsulceration

The presence some of phenolic glycosides,
which is a part of neem, averts the degradation of
mucus membrane and release of cytotoxic granules
from the labrocytes, thus arresting ulceration in
ratg>. This bioactive component is responsiblefor
minimizing the acid secretion and development of
abscesses in ulcer induced mice.

Fecundity control

In vitro studies have determined appreciable
reduction in the sperm count in Rhesus macaqueand
humans. Administration of neem oil prior to copula-
tion on the inner perineum can arrest or delay the
gestation period. Much of theinvestigationson ani-
mal model shave delineated that neem seed oil, given
through the oral route, could induce antifertility in
mice and repeal gestation in Macaca radiata and
Papio specied*4. Neem oil has|lesser side effects
as compared to steroids due to its initiation of cel-
[ular immunity, rather than directly altering the hor-
monal balance. The spermicidal effect of neem oil
is dose dependent and it can restrain contraception
in mammals of the order Rodentia, upto ahigh con-
centration’™,

Microbiostatic agents

The development of resi stant protozoan parasite
Plasmodium falciparum is arrested during its non-
dividing and dividing stages, on application of a
mixture of neem oil and acohol, evincing the anti-
parasitic activity of the plant. Their potent effect on
malarial parasites have also been reviewed®57,
Pathogenic fungi, including species of Trichophy-
ton, Epidermophyton, Microsporum, Trichosporon,
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Geotricum and Candida are susceptible to neem
extricates from leaves, roots and kernels. Neem oil
prevents mycoses by targeting the fungit*358,

Oil from the plant is a dominant bactericidal
agent as growth of most of the gram positive and
negative bacteria, viz., Mycobacterium tuberculo-
sis, Klebsiella pneumoniae and Sreptococcus spe-
ciesincluding S pyrogenes, Sfaecalisand Smutans,
and Vibrio cholera are retarded by it2417, |t not
only has bacteriostatic and fungistatic action, but
formulations of neem restrict the growth of viruses
aswell. Antiviral activity of leaves against Vaccinia
virus, Chikungunyaand Rubeolavirus has been re-
ported™. Neem with ethyl alcohol hinders plaque
formation of Coxsackie virus by attacking its pre-
liminary replication stages®.

Carcinopreventive agent

Neem is validated to have a diminished effect
on squamous cell cancer incited by 1,4-Dimethyl-
2,3-benzophenanthrene, by reducing the occurrence
of tumors. Neem oil is seen to regulate and modify
v-L-Glutamyl-L-cysteinylglycine and various other
selective catalytic protein molecules exerting a
chemopreventive action. Not to overlook the anti-
oxidant activity neem possesses, its extracts have
been seen to reduce abnormal distress in the body
and conserve a balance between the production of
reactive oxygen species (free radicals) and antioxi-
dant defenses that is obstructed by carcinogenic
chemicalslike 1-methyl-3-nitro-1-nitrosoguanidine.
The mechanism includes the abstinence of toxic en-
zymes from the gut and ‘hepar’ which is the vital
target for this cancer causing chemical(®+%2, Anti-
oxidant capacity of neemismainly due suppression
intherateof activity of theenzymesthat catalysethe
dioxygenation of polyunsaturated fatty acidsin lip-
ids.

Denouement on brain and spinal cord

Neurotransmission levelsaregreatly lowered by
acetone-neem mixtures that is used to diminish the
arousal in different parts of the brain. Neem shows
effects like dystaxia, anxiolysis, sedation, memory
impairment, drowsi ness, decreased muscletone and
hypertension or heart pul se, thus relaxing the neural
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networks of brain and spinal cord. Ininclusion, neem
root and stem relieves spasm of smooth musclesand
induces water pillg536s),

Consequenceon epidermis

Cosmetological aspectsare extremely important
inthe present eraasrecent trends are focusing more
on the utility of natural products as cosmeticswith-
out substantial harmful effects. This limonoid ter-
pene not only shows outstanding applications in
therapeutics but also has|lot of other applicationsin
the global cosmetic market. Systematic implemen-
tation of neem in the form of oil or extracts, assists
in clearing acne, pimples, skin pigmentation, black-
heads and whiteheads. Neem helps to maintain a
balance of moisture and manages excess of oil thus
preventing drying of skin. It is a vital anti-ageing
ingredient of the commercially available skin
creams. Neem hassome stimul atory constituents, that
have a direct effect on the immune system and re-
generates the skin and makes it supple by detoxify-
ing the toxins from blood and deprecating perior-
bital dark blemishes. The renewal properties of
neem is responsible for its beneficiary effects on
reduction of hairfall, upregulation of blood circula-
tion in scalp, stimulation of hair growth and natu-
rally conditioning dry and frizzy hair follicleg®d,

CONCLUSION

Neem, with its extensive medicinal, therapeu-
tic, pharmacocosmetic and industrial applications
isavery versatile herbal plant. Novel formulations
and preparations with neem arean area of intensive
research nationally and internationally. For the | ast
decade, thefocus has entirely been on the discovery
of its new elements, chemical nature, structural
multiplexicity and its applications Contemporary
perspective of drug discovery, using this herb, has
created a buzz globally. However, more intensive
studies on its bioactivity and pharmacological as-
pects is warranted and hence initiation of focused
research in thisareawould go along way to exploit
thisherb much morefruitfully. Moreversatile prod-
uctsand applicationswould beanatura consequence
of thisresearch.
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