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Neem contains multiple active compounds that work simultaneously via different mechanisms.
This characteristic explains its effectiveness as a pesticide, and appears to be responsible for its

potent impact on cancers as well. One of these documented mechanisms is apoptosis
(programmed cell death), which directly kills cancer cells and, in so dogsg, material from

these cells that enables immune system cells to take over identifying and destroying them as
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higher levels of antioxidants, including the cargandetoxifying enzyme glutathione.

Perhaps the most importénand least surprisingi s neembés strengthening

immune system (see separate section at for more detailed data. And neem, or isolated
compounds, have shown impressive efficacyreya wide variety of human cancer cell lines,
and ani mal model s for human cancers that
liver, skin, oral, prostate, and breast cancers.

In addition to studies showing that pretreatment with neengigyhprotective against cancer

in animals (eg, neem leaf given to mice reduced chemically induced tumors by up to 87%),
and demonstrating the efficacy of neem as a stdmk treatment, two recent reports suggest
that neem pretreatment also enhancesdheity while reducing the side effects of some
conventionatancer treatments.

Much research obviously remains to be done before neem e¢endmmended for human use,
but the consistently spectacular results from tiveséro and preclinical studiesalve already
inspired tremendous enthusiasm and hope. The abstracts and links that follow provide an
overview of these studies.

Recent Research

Int ImmunopharmacoR008 Feb;8(2):33640. Epub 2007 Nov 20.

Neem leaf glycoprotein restores the impaired chemotactic activity of peripheral
blood mononuclear cells from head and neck squamous cell carcinoma patients
by maintaining CXCR3/CXCL10 balance.
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Interaction between CXCL10 and CXCR3 is dysregulated in head and neck squamous cell
carcinoma (HNSCC) and hampers chemotaxis of cytotoxic cells at tumdnsittinuation

of the demonstration of significant immunomodulatory effects of neem leaf preparation (NLP),
the active ingredient of NLP is characterized as a glycoprotein (NLGP). NLGP is responsible
for in vivo immunomodulation to restrict the growthrofce tumors. Effect of NLGP in
rectification of the dysregulated IFN gamma dependent chemokine and its receptor CXCR3
splice variants was investigated. Upregulated expression of CXCR3B in HRBEICT were
downregulated following in vitro NLGP treatment. ¢fhranged expression of CXCR3A+B by
NLGP with downregulation of the CXCR3B indirectly suggests the upregulation of the
CXCRS3A, responsible for cellular migration. However, stimulation of hedMBWC with

NLGP maintains physiological homeostasis of CXCL10 mtreases IFN gamma secretion.

The suppressed chemotaxis of HNSEBMC could be restored either by in vitro treatment

with NLGP or during use of NLGP stimulated PBMC supernatant as a chemoattractant.
Neutralization studies confirmed that the chemoaitragirocess is guided by both receptor
(CXCR3A) and its ligand (CXCL10). Neutralization of the IFN gamma in PBMC culture in
presence of NLGP unexpectedly increases the intracellular release of CXCL10, suggesting the
NLGP mediated IFN gamma independentasteof CXCL10. Interestingly, downregulation

of the CXCL10 release was detected after IFN gamma neutralization in absence of NLGP and
IFN gamma receptor neutralization in presence of NLGP. Efficacy of NLGP in restoration of
the dysregulation of the chemaki signaling may be utilized to design new

immunotherapeutic protocol.

PMID: 18182249 [PubMedindexed for MEDLINE]

Hum Immunol.2007 Oct;68(10):8231. Epub 2007 Aug 31.

Natural ki ller cell mediated cytotoxicity of tumor cells initiated by neem leaf
preparation is associated with CD46CD40L-mediated endogenous production
of interleukin-12.

Bose A Baral R.

Department of Immunoregulation and Immunodiagnostics, Chittaranjan National Cancer
Institute, Kolkata, India.
http://www.ncbi.nlm.nih.gov/pubmed/17961770?ordinalpos=28lit&ntrezSystem?2.PEntrez.
Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

Neem leaf preparation (NLP) was found to activate natural killer (NK) cells (CD56(+)D3(
to enhance their cytotoxic ability to tumor cells and stimulate the release of interl@u@din
12) from macrophages from healthy individuals and Featheck squamous cell carcinoma
patients. NLP upregulated cytotoxic (CD16(+) and CD56(dim)) NK cells, and the cytotoxicity
of NK-sensitive K562 cells by NL-Btimulated peripheral blood mononucleeli€ decreased
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significantly after 1l-12 neutralization. This N¥nediated cytotoxicity was manifest by
upregulation of IL12-dependent intracellular expression of the perfgranzyme B system.
Moreover, NK cytotoxic function was abolished after use ocemamycin A, a perforin

inhibitor, but not by brefeldin A, a Fas inhibitor, confirming the participation of the perforin
granzyme B system. In addition NLP upregulated the expression of CD40 in CD14(+)
monocytes and CD40L in CD56(+) lymphocytes. Neutation of CD40 and CD40L in NLP
stimulated peripheral blood mononuclear cells culture resulted in significant downregulation of
IL-12 release and cytotoxicity of NK cells, demonstrating the role of a CIDUDL

interaction in the observed functions. Signaiglved in the NLRPinduced release of HL2,

and thereby induction of NK cell cytotoxicity, are mediated by activating p38MAPK pathway,
but not through the ERK1/2 signaling pathway. Overall the results suggest that NLP effects
NK cellular cytotoxicity byCD40-CD40L-mediated endogenous production ofll2, which
critically controls perforirdependent tumor cell cytotoxicity.

PMID: 17961770 [PubMedindexed for MEDLINE]

Phytother Re. 2007 Mar;21(3):245%0.

Antiproliferative effect on human cancer cell lines after treatment with

nimbolide extracted from an edible part of the neem tree (Azadirachta indica).
Roy MK, Kobori M, Takenaka M, Nakahara K, Shinmoto H, Isobe § Tsushida T.

National Food Research Institutel12, Kannondai, Tdwba, Ibaraki 308642, Japan.
http://www.ncbi.nlm.nih.gov/pubmed/17163581?ordinalpos=4&itool=EntrezSystem2e2Entr
Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

Nimbolide, a triterpenoid extracted from the flowers of the neem tree (Azadirachta indica),

was found to have antiproliferative activity against some cancer cell lines. Treatment of cells
with 0.5-5.0 micromconcentrations of nimbolide resulted in moderate to very strong growth
inhibition in U937, HL-:60, THP1 and B16 cell lines. Flow cytometric analysis of U937 cells
showed that nimbolide treatment215 microm) resulted in cell cycle disruption by decreasing
the number of cells in GO/G1 phase, with initial increases in S and G2/M phases. Cells
exposed to a higher dose of nimbolide for a longer period displayed a severely damaged DNA
profile, resulting in a remarkable increase in the number of cells in th& Bditaction, with a
reciprocal decrease of cells in all phases. Quantification of the expression of
phosphatidylserine in the outer cell membrane showed that doses of nimbolide higher than 0.4
microm exerted remarkable lethality, with over 60% of cellsl@ing apoptotic features after
exposure to 1.2 microm nimbolide. The antiproliferative effect of nimbolide and its apeptosis
inducing property raise hope for its use in anticancer therapy by enhancing the effectiveness of
cell cycle disruption.

PMID: 17163581 [PubMed indexed for MEDLINE]

Int ImmunopharmacoR007 Mar;7(3):306L2. Epub 2006 Dec 12.
Antibody response against neem leaf preparation recognizes carcinoembryonic
antigen.
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Sarkar K, Bose A Laskar S, Choudhuri SK, Dey S Roychowdhury PK, Baral R.

Department of Immunoregulation and Immunodiagnostics, Chittaranjan National Cancer
Institute, Kolkata700026, India.
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An immune serum generated in Swiss mice against an aqueous preparation from neem leaf
was eactive with carcinoembryonic antigen (CEA) and a peptide sequence derived from it.
Using ELISA, we have demonstrated that CEA reactive antibody titer (chiefly IgG2a) was
significantly decreased after absorption of the immune sera with CEA. Neem leabpogpa
(NLP) generated immune sera was also reactive with CEA in immunoblotting and CEA
reactive component in the NLP sera can be immunoprecipitated. Identical recognition of CEA
expressed on human colorectal cancer specimens, bg BAtmonoclonal antibdy and NLP

sera was documented by immunohistochemistry. NLP generated sera could also react with
NLP in ELISA and this reactivity was decreased after absorption of the NLP wi BAti
antibody. Estimation of protein in NLP revealed the presence ofiéasit 10% of the total dry
weight. In addition, existence of flavone and quercetin was also evidenced frénsLC
analysis. Further studies are needed to identify the antigenic component may have some
homology with CEA molecule. This unique property ofmemay be utilized for the
immunotherapy of CEA positive tumors.

PMID: 17276888 [PubMedindexed for MEDLINE]

International Journal of Oncology

2006 Nov;29(5):12698.

Chemopreventative straegies targeting the MGMT repair protein: augmented
expression in human lymphocytes and tumor cells by ethanolic and aqueous
extracts of several Indian medicinal plants.

Niture SK, Rao US Srivenugopal KS

Center for Cancer Biology, Department of Pharmaceutical Sciences, Texas Tech University
Health Sciences Center, Amarillo, TX 79106, USA.
http://www.ncbi.nlm.nih.gov/pubmed/17016661?ordinalpos=6&itool=EntrezSystem2.PEntrez.
Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

O6-alkylguanines are potent mutagenic,4oaycinogenic and cytotoxic lesions uad by
exogenous and endogenous alkylating agents. A facilitated elimination of these lesions by
increasing the activity of OfethylguanineDNA methyltransferase (MGMT) is likely to be a
beneficial chemoprevention strategy, which, however, has not Raemred. Because, a
marginal enhancement of this protein may be adequate for genomic protection, we studied
alterations in MGMT activity and expression in human peripheral blood lymphocytes and
cancer cell lines induced by watgrluble and alcohedolubleconstituents of several plants
with established antioxidant and medicinal properties. Both the ethanolic and aqueous extracts
from neem (Azadirachta indica), holy basil (Ocimum sanctum), winter cherry (Withania
somnifera), and oregano (Origanum majoraneeased the levels of MGMT protein and its
demethylation activity in a timdependent manner with a maximum efioll increase after
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72-h treatment. The extracts from gooseberry (Emblica officinalis), common basil (Ocimum
basilicum), and spearmint (Memtlviridis) were relatively less efficient in raising MGMT

levels. Increased levels of MGMT mRNA accounted at least, in part, for the increased activity
of the DNA repair protein. The herbal treatments also increased glutathtoaresterasei

(GSTP1) expession, albeit to a lesser extent than MGMT. These data provide the first
evidence for the upregulation of human MGMT by plant constituents and raise the possibility
of rational dietary approaches for attenuating alkylatnmiuced carcinogenesis. Furthdérey

reveal the putative antioxidant responsiveness of the MGMT gene in human cells.

PMID: 17016661 [PubMeédin process]

Clin Biochem.2006 Nov;39(11):10807. Epub 2006 Aug 5.

Expression of PCNA, cytokeratin, Bci2 and p53 during chemoprevention of
hamster buccal pouch carcinogenesis by ethanolic neem (Azadirachta indica)

leaf extract.

Subapriva R, Kumaraguruparan R, Nagini S.

Department of Biochemistry and Biotechnology, Faculty of Science, Annamalai University,
Annamalainaga608 002, Tamil Nadu, India.
http://www.ncbi.nlm.nih.gov/pubmed/16989797?ordinalpos=8&itool=EntrezSystem2.PEntrez.
Pubmed.Pubmed_ResultsPanel.Pubmed RVDocSum

OBJECTIVES: To evaluate théfect of ethanolic neem leaf extract (ENLE) on cell

proliferation, differentiation and apoptosis associated proteins during 7,12
dimethylbenz[a]anthracene (DMBA)duced hamster buccal pouch (HBP) carcinogenesis.
DESIGN AND METHODS: Hamsters were divideato four groups. The right buccal

pouches of animals in group 1 were painted with 0.5% DMBA three times a week. Animals in
group 2 painted with DMBA as in group 1, received in addition, intragastric administration of
ENLE (200 mg/kg bw) on days alternateRMBA application. Group 3 animals were given
ENLE (200 mg/kg bw) alone. Animals in group 4 served as control. All the animals were
sacrificed after an experimental period of 14 weeks. The expression of proliferating cell
nuclear antigen (PCNA), cytokenatBcl-2 and p53 in the buccal pouch tissues were
investigated using immunohistochemical staining. In addition, the expression of p53 was
confirmed by Western blot analysis. RESULTS: Topical application of DMBA for 14 weeks
induced buccal pouch carcinomassociated with increased expression of PCNA, mutant p53
and Bcl2 and decreased expression of cytokeratin. Administration of ENLE significantly
inhibited the development of HBP carcinomas as revealed by decreased expression of PCNA,
mutant p53 and Be&2 and overexpression of cytokeratin. CONCLUSION: These findings
suggest that ENLE exerts its anticancer properties by inhibiting cell proliferation and inducing
differentiation and apoptosis.

PMID: 16989797 [PubMedindexed for MEDLINE]

Asian Pacific Journal of Cancer Prevention
2006 JuiSep;7(3):46771.
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Antioxidative and Modifying Effects of a Tropical Plant Azadirachta indica

(Neem) on Azoxymethaneanduced Preneoplastic Lesions in the Rat Colon.
Chaimuangraj S, Arakaki J, Suzui M, Morioka T, Kinjo T , Kaneshiro T, Inamine M,
Sunagawa N Nishimaki T, Yoshimi N.

Tumor Pathology, University of the Ryukyus Faculty of Medicine, Okinawa025%, Japan.
junya-arakaki@ryukyesurgl.org.

The purpose of therpsent study was to examine whether Neem leaf (Azadirachta indica) has
shortterm chemopreventive effects on endpoint preneoplastic lesions involved in rat colon
carcinogenesis and might also exert antioxidative activity. Favty male F344 rats were
randomly divided into 6 experimental groups. Groups 1 to 4 were given a subcutaneous
injection of azoxymethane (AOM, 20 mg/kg body weight) once a week for 2 weeks. Starting
one week before the first injection of AOM, rats in groups 2 to 4 received an ax@cs

of Neem leaf (20, 100, and 250 mg/kg, respectively) by gavage 3 times per week, for 5 weeks.
Rats in group 5 also were given the Neem extract by gavage feeding 3 times per week for 5
weeks, while group 6 served as untreated controls. The expermgmerminated 5 weeks

after the start. Dietary feeding of the Neem extract at all dose levels significantly inhibited the
induction of aberrant crypt foci (ACF) (P<0.0002), when compared to the-&&afled group
(group 1). In groups 2 to 4, treatmentrafs with the Neem extract also significantly decreased
the proliferating cell nuclear antigen (PCNA) labeling indices (P<0.0006) of colon epithelium
and ACF. Moreover, the Neem extract also showed antioxidative activity. The finding that
dietary Neem hagossible chemopreventive effects in the present-géort colon

carcinogenesis bioassay suggests that leteyer exposure may cause suppression of tumor
development.

PMID: 17059347 [PubMedin process]

Phytother Re2006 Sep;20(9):818.

Pretreatment with neem (Azadirachta indica) leaf preparation in Swiss mice
diminishes leukopenia and enhances the antitumor activity of
cyclophosphamide.

Ghosh D, Bose A Hague E, Baral R.

Department of Immunoregulation and Immunodiagnostics, Chittaranjan National Cancer
Institute, Kolkata700026, India.

Cancer chemotherapy is associated with several life threatening cdmpB¢cancluding bone
marrow suppression and leucopenia. To overcome this problem, colony stimulating factor
(CSF), granulocyte colony stimulating factor (GCSF) and granulocyte macrophage colony
stimulating factor (GMCSF), can be used, however, thesepidatias are expensive and have
several disadvantages, including tumor growth promoting activities. This study attempted to
use an immunostimulatory neem (Azadirachta indica) leaf preparation (NLP) to prevent the
cyclophosphamide (CYP) induced reductiortha WBC count. Pretreatment of mice with

NLP reduced the extent of leucopenia and neutropenia in normal and tumor bearing CYP
treated mice. NLP pretreatment enhanced in vitro tumor cell cytotoxicity by peripheral blood
mononuclear cells (PBMC) from CYP &ted mice in either normal or tumor bearing
conditions. Similarly, NLP pretreatment of mice enhanced the CYP mediated in vivo tumor
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growth inhibition and survivability of the host. Based on these observations, it is concluded
that NLP would be an effectiveol to reduce CYfnduced hematological complications.
Copyright (c) 2006 John Wiley & Sons, Ltd.

PMID: 16807877 [PubMedindexed for MEDLINE]

Planta Med2006 Aug;72(10):91-23. Boub 2006 Jul 20.

Inhibition of colon cancer (HT-29) cell proliferation by a triterpenoid isolated
from Azadirachta indica is accompanied by cell cycle arrest and upegulation

of p21.

Roy MK, Kobori M, Takenaka M, Nakahara K, Shinmoto H, Tsushida T.

National FoodResearch Institute, Kannondai, Ibaraki, Tsukuba, Japan. mkroy@affrc.go.jp
http://www.ncbi.nlm.nih.gov/pubmed/168664?ordinalpos=9&itool=EntrezSystem2.PEntrez.
Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

Nimbolide, a natural triterpenoid present in the edible parts of the neem tree ( Azadirachta
indica), was found to be growthhibitory in human colon carcinoma H cells. Nimbolide
treatment of cells at 2:5610 microM resulted in moderate to very strong growth inhibition.
Flow cytometric analysis of HR9 cells showed that nimbolide treatment (2.5 microM, 12 h)
caused a 6:%old increase in the number of cells (63%6) in the G2/M phase compared with
the control cells (8.8 %). At 48 h, the cell population in the G2/M phase decreased to 18 %,
while that in the GO/G1 phase increased to 52.3 %. Western blot analysis revealed that
nimbolidemediated G2/M arrest was axopanied by the upegulation of p21, cyclin D2,

Chk2; and dowsregulation of cyclin A, cyclin E, Cdk2, Rad17. At GO/G1 cell cycle arrest,
modulation in the expression of the cell cycle regulatory molecules was also observed. We
found that nimbolidenduceal growth inhibition and cell cycle arrest were not associated with
cellular differentiation. Quantification of cells with respect to the expression of
phosphatidylserine in the outer cell membrane showed an increase in apoptotic cells by about
13 % after 8 h of nimbolide treatment.

PMID: 16858664 [PubMedindexed for MEDLINE]

Bioorg Med Chem Lett2006 Aug 15;16(16):4394. Epub 2006 Jun 21.

Synthesis and biological agvity of amide derivatives of nimbolide.

Sastry BS Suresh Babu K Hari Babu T, Chandrasekhar § Srinivas PV, Saxena AK
Madhusudana Rao J

Natural Products Lalvatory, Division of Organic Chemistiy Indian Institute of Chemical
Technology, Hyderabad 500 007, India.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPI
us&list_uids=16793266&query_hl= 3&itool=pubmed_doc®Nimbolide (1), a limonoid

isolated from Azadirachta indica, is the chief cytotoxic principle in Neem leavesextising
nimbolide as a lead compound for acdincer analogue design, a series of nimbolide
derivatives have been synthesized and evaluated for in vitro cytotoxic activity against a panel
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of human cancer cell lines. Out of 10 compounds screened 2gdzh showed potent
activity.
PMID: 16793266 [PubMeédin process]

Phytother Re. 2006 Aug 14

Preventive effects of Azadirachta indica on benzo(a)pyrerRBNA adduct

formation in murine forestomach and hepatic tissues.

Gangar SC Sandhir R, Rai DV, Koul A.

Depatment of Biophysics, Basic Medical Sciences Block, Panjab University, Chandigarh
160014, India.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPI
us&list uids=16909440&query_hl=2&itool=pubmed_docsum

In the present investigation, the effects of aqueous Azadirachta indica leaf extract (AAILE) on
(3)H-benzo(a)pyren®NA [(3)H-B(a)RDNA] adduct formation, the status of

biotransformation enzymes and reduced glutathione (GSH) content were evaluated in the
forestomach and liver of Balb/c mice. Two weeks of AAILE treatment reduced the (3)H
B(a)RDNA adduct levels by 31.6% in foreshach tissue. Similarly, (3#B(a)RDNA adduct

levels were decreased by 34.7% in the liver of AAILE treated mice compared with their
control counterparts. After AAILE treatment, the cytochrome P450 content decreased, whereas
the GSH content increased siigantly in the hepatic tissue. In the forestomach as well as in
the liver, the cytochrome b5 content declined, whereas an increase in glut&itiansferase
(GST) activity was observed in both tissues. These observations suggested that AAILE may
have educed the metabolic activation of (3B4a)P with enhanced detoxification of its active
metabolites, hence the observed decrease in the levels eB(8)RDNA adducts. These
molecular and biochemical modulations observed at the initiation phase obgamesis

seems to be significant and could be correlated with the chemopreventive effects of A. indica
against B(a)P induced forestomach tumorigenesis. Copyright 2006 John Wiley & Sons, Ltd.
PMID: 16909440 [PubMedindexed for MEDLINE]

Planta Med2006 Aug;72(10):91-23. Epub 2006 Jul 20.
Inhibition of Colon Cancer (HT-29) Cell Proliferation by a Triterpenoid
Isolated from Azadirachta indica is Accompanied by Cell Cycle Arrest and p-

Regulation of p21.

Roy MK, Kobori M , Takenaka M, Nakahara K, Shinmoto H, Tsushida T.

National Food Research Institukgnnondai, Tsukuba, Japan.
http://www.ncbi.nim.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopstrAbtPI
usé&list uids=16858664&query hl=3&itool=pubmed_docsum

Nimbolide, a natural triterpenoid present in the edible parts of the negMZrARIRACHTA
INDICA), was found to be growtimhibitory in human colon carcinoma HX9 cells.
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Nimbolide treatment ofells at 2.5 10 muM resulted in moderate to very strong growth
inhibition. Flow cytometric analysis of HZ9 cells showed that nimbolide treatment (2.5

muM, 12 h) caused a 616ld increase in the number of cells (55.6 %) in the G2/M phase
compared withthe control cells (8.8 %). At 48 h, the cell population in the G2/M phase
decreased to 18 %, while that in the GO/G1 phase increased to 52.3 %. Western blot analysis
revealed that nimbolidmediated G2/M arrest was accompanied by theegplation of p21,

cyclin D2, Chk2; and downegulation of cyclin A, cyclin E, Cdk2, Rad17. At GO/G1 cell

cycle arrest, modulation in the expression of the cell cycle regulatory molecules was also
observed. We found that nimboliteduced growth inhibition and cell cyclerast were not
associated with cellular differentiation. Quantification of cells with respect to the expression of
phosphatidylserine in the outer cell membrane showed an increase in apoptotic cells by about
13 % after 48 h of nimbolide treatment.

PMID: 16868664 [PubMed as supplied by publisher]

Immunobiology.2006;211(9):72431. Epub 2006 Jun 8.

Neem (Azadirachta indica) leaf preparation induces prophylactic growth

inhibition of mur ine Ehrlich carcinoma in Swiss and C57BL/6 mice by

activation of NK cells and NK-T cells.

Haque E, Baral R.

Department of Immunoregulation and Immunodiagnostics, Chittaranjan National Cancer
Institute, 37 S P Mookherjee Road, Kolkata 700026, West Bengal, India.
http://www.ncbi.nlm.nih.gov/pubmed/17015147?ordinalpos=7&itool=EntrezSystem2.PEntrez.
Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

We have reported earlier that pretreatment of mice with neem lgefrpteon (NLP) causes
prophylactic growth inhibition of murine Ehrlich's carcinoma (EC) and B16 melanoma. Using
adoptive cell transfer technology, here we have established thatlgtRted activation of
immune cells may be involved in tumor growth resioic. Mononuclear cells from blood and
spleen of NLPactivated Swiss and C57BL/6 mice causes enhanced cytotoxicity to murine EC
cells in vitro. Fractionation of spleen cells exhibited greater percentage of tumor cell lysis in
macrophage and-Bell-depleted\K and T-cell-rich fractions. Flow cytometric analysis

revealed in both blood and spleen, NK cells (DX5+ or NK1.1+) andNi€lls (CD3+/DX5+

or CD3+/NK1.1+) were increased in number in Swiss, C57BL/6 and athymic nude mice after
pretreatment with NLP. NLBtimulated spleen cells showed greater secretion of TNFalpha
and IFNgamma. Thus, NL&ctivated NK and NKT cells in mice may regulate tumor cell
cytotoxicity by enhancing the secretion of different cytotoxic cytokines.

PMID: 17015147 [PubMedindexed foriMEDLINE]

Phytother Re2006 Jun 28; [Epub ahead of print]

Pretreatment with neem (Azadirachta indica) leaf preparation in swiss mice
diminishes leukopenia and enhances the antitoor activity of
cyclophosphamide.
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Ghosh D Bose A Haque E, Baral R.

Department of Immunoregulation and Immunodiagnostics, Chittaranjan National Cancer
Institute, 37, S. P. Mukherjee Road, Kolka@0026, India.
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Cancer chemaberapy is associated with several life threatening complications, including bone
marrow suppression and leucopenia. To overcome this problem, colony stimulating factor
(CSF), granulocyte colony stimulating factor (GCSF) and granulocyte macrophage colony
stimulating factor (GMCSF), can be used, however, these therapeutics are expensive and have
several disadvantages, including tumor growth promoting activities. This study attempted to
use an immunostimulatory neem (Azadirachta indica) leaf preparation (NipRjvent the
cyclophosphamide (CYP) induced reduction in the WBC count. Pretreatment of mice with
NLP reduced the extent of leucopenia and neutropenia in normal and tumor bearing CYP
treated mice. NLP pretreatment enhanced in vitro tumor cell cytotpkigiperipheral blood
mononuclear cells (PBMC) from CYP treated mice in either normal or tumor bearing
conditions. Similarly, NLP pretreatment of mice enhanced the CYP mediated in vivo tumor
growth inhibition and survivability of the host. Based on thds®epovations, it is concluded

that NLP would be an effective tool to reduce GiviBuced hematological complications.
Copyright (c) 2006 John Wiley & Sons, Ltd.

PMID: 16807877 [PubMedas supplied by publisher]

World J Gastroentero2006 May 7;12(17):27495.

Modulatory effects of Azadirachta indica on benzo(a)pyrenenduced

forestomach tumorigenesis in mice.

Gangar SC Sandhir R, Rai DV, Koul A.

Department of Biophysics, Basic Medical Sciences Block, Panjab University, Chandigarh,
PIN-160014, India.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPI
us&list uids=16718763&query_hl= 3&itool=pubmed_docsum

AIM: To evaluate the chemopreventive effects of aqueous Azadirachta indica (A iledica
extract (AAILE) against benzo(a)pyrene [B(ajRfluced forestomach tumorigenesis in Balb/c
mice. METHODS: Female Balb/c mice were divided into four groups dfZL@nimals each.

For induction of forestomach tumors, starting from d 14 of the expent, mice of B(a)P and
B(a)P+A indica groups were given irdgastric instillations of B(a)P (40 mg/kg), twice a week
for four weeks. Mice of A indica and B(a)P+A indica groups were orally administered with
AAILE (100 mg/kg), two weeks prior to B(a)P inkdtions till the end of the experiment.

After 22 wk of the first B(a)P instillation, mice were sacrificed and the forestomachs were
analyzed for development of tumors, scanning electron microscopy (SEM) and histopathology.
RESULTS: Tumor incidence was @ged to be 100% in mice that received only B(a)P.
However, treatment with AAILE reduced the tumor incidence by 58.4% as observed in mice
of B(a)P+A indica group when compared to that of B(a)P group. Similarly, the tumor burden
and multiplicity were seerotdecrease by 87.3% and 69.6% respectively in mice of B(a)P+A
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indica group when compared to those of B(a)P group. Scanning electron microscopy analysis
showed that AAILE treatment itself did not cause any abnormalities on the surface architecture
of foresbmach epithelium. In tumorous forestomach, surface disruption was observed. Over
the forestomach tumors of B(a)P group of mice certain rounded structures were seen in
addition to closely placed tongsdaped squamous cells. Interestingly, these rounded

structures were not observed in B(a)P + A indica group of mice. Histopathalogically, the
tumors were identical and diagnosed to be papillomas. Mice from control and A indica groups
of mice did not develop any forestomach tumors and showed normabhisiitecture.
CONCLUSION: The present data suggest that A indica exerts chemopreventive effects against
B(a)Rinduced forestomach tumors in murine model. Because of lack of toxicity and

ubiquitous bioavailability, A indica may play a promising role in future atisgovery and
development as far as chemoprevention of cancer is concerned.

PMID: 16718763 [PubMedindexed for MEDLINE]

In Vivo. 2006 MarApr;20(2):24751.

Enhancement of immune responses to neem leaf extract (Azadirachta indica)
correlates with antineoplastic activity in BALB/c-mice.

Beuth J, Schneider H Ko HL .

Institute of Naturopathy, University of Koeln, 50931 Koeln, Germaawys.beuth@uk

koeln.de
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPI
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An aqueous plant extract from Azadirachta indica and its chromatograptiiofr F1 (neem
extract) exerted immunomodulating and antimetastatic activities in BAlnBte. Regular
subcutaneous administration of neem extract yielded significantly increased spleen weight and
significant enhancement of peritoneal macrophage activitye chemiluminescence assay,

and activation marker GB34 expression. The thymus weight and thymocyte counts did not
show significant differences in the control and neem extraated groups, however,
determination of peripheral blood cells revealgphificant upregulations of leukocyte

subsets, the lymphocytes and monocytes. Flow cytometric analaysis of lymphocyte
supopulations documented increased counts e#@Dd CDB8 cells and an inreased activation
marker expression on lymphocytes (2B) andmonocytes (MAG3) in neemtreated mice
compared to the control animals. To evaluate the antimetastatic activity of neem extract,
sarcoma L1 cells and lymphosarcoma RAW cells were intravenously inoculated into
BALB/c-mice. In these model systems the nunddexxperimental lung and liver metastases
decreased relevantly, however, biometrically4samificantly in neem extradteated animals,

as compared to the control mice which received injections of saline solutions. Neem extract
can be regarded as an imnomodulating and antimetastatic substance which holds promise
for further experimental and clinical investigation.

PMID: 16634526 [PubMeedindexed for MEDLINE]
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Anticancer effects of ethanolic neem leaf extract on prostate cancer cell line
(PC-3).
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Prostate cancer (PC) is the most prevalent cancer and the leading cause of male cancer death.
Azadirachta indica (neem tree) has been used successfully centuries to reduceyumors
herbalists throughout Southeast Asia. Here the present study indicated that an ethanolic extract
of neem has been shown to cause cell death of prostate cancer cd)siPidducing

apoptosis as evidenced by a ddspendent increase in DNA fragmeitda and a decrease in

cell viability. Western blot studies indicated that treatment with neem extract showed

decreased level of B&, which is antiapoptotic protein and increased the level of Bax protein.

So the neem extract could be potentially effecfgainst prostate cancer treatment.

PMID: 16378700 [PubMedin process]
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Chemomodulatory effects of Azadirachta indica on the hepatistatus of skin
tumor bearing mice.

Koul A, Ghara AR, Gangar SC
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The liver plays an important role in the modulation of the process of carcinogenesis, as it is the
primary site for the biotransformation of xenobiotics including carcinogens as well as
anticancer drugs. The present study was designed to evaluate the biochemical alterations
occurring in the liver of 7,1@8imethylbenz(a)anthracene (DMBA) induced skin tumor bearing
male Balb/c mice and their modulation by aqueous Azadirachta indica leafte)®AILE). It

was observed that skin tumor induction caused hepatic damage characterized by a decreased
hepatosomatic index and significantly increased (p < 0.001) activities of the hepatic tissue
injury marker enzymes, namely alkaline phosphatase re&l@minotransferase and aspartate
aminotransferase. However, upon treatment with AAILE, the abuioned alterations,

including the increased activities of hepatic tissue injury marker enzymes, were significantly
reversed, which signified the hepaimtective efficacy of Azadirachta indica. Increased

oxidative stress was also observed in the hepatic tissue of skin tumor bearing mice as revealed
by a significant increase (p < 0.001) in lipid peroxidation levels and a decrease in reduced
glutathione contats and activities of various antioxidant enzymes studied, namely glutathione
S-transferase, glutathione peroxidase and glutathione reductase. The AAILE treatment reduced
oxidative stress by decreasing lipid peroxidation levels and enhancing the redua#ddayie
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contents and activities of various antioxidant enzymes. The activities of the xenobiotic
biotransformation enzymes, namely cytochrome P450, cytochrome b5 and glut&hione
transferase, were found to be decreased in the hepatic tissue of tunmay beee. Treatment

with AAILE further caused a decrease in the activity of cytochrome P450 and cytochrome b5,
whereas it ugegulated the activity of glutathiorietransferase. The significance of these
observations with respect to the progress of thegss of carcinogenesis is explained in the
present research article. Copyright 2006 John Wiley & Sons, Ltd.

PMID: 16521106 [PubMedindexed for MEDLINE]
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Inhibitory effects of Azadirachta indica on DMBA-induced skin carcinogenesis

in Balb/c mice.
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Male Balb/c mice were divided into four groups on the basis of theirgtgpéreatments
wherein mice of Group | served as controls. For induction of skin tumors, mice of Group |l
and IV were injected subutaneously with 7,X8imethylbenz(a)anthracene (DMBA). Mice of
Group Ill and IV were administered aqueous Azadirachtaalgiaf extract (AAILE) thrice a
week throughout the experiment. After 14 weeks of the first DMBA injection, Group Il and IV
mice developed tumors. In the turdmaring mice that received AAILE (Group IV), a
significant reduction in mean tumor burden amehor volume was observed. The tumors were
confirmed to be papillomas and interestingly, the extent of hefpematia was observed to

be much more in skin tumors of Group Il mice vis a vis the mice receiving AAILE. An
increase in the extent of lipid perdsition was observed in tumorous tissue of Group IV when
compared to that of Group Il mice. Glutathione (GSH) content and the activities eb&s®d
antioxidant enzymes viz. glutathione peroxidase (GPx) and glutathione reductase (GR)
increased significantlin the skin tissues of all the groups of mice when compared to control
counterparts. Catalase activity was found to decrease significantly in the skin of mice, which
received AAILE treatment only (Group lll). Activity of supekide dismutase (SOD)

decrased significantly in all the tumorous tissues (Group Il and IV mice). In light of the above
observations, the role of AAILE in inhibition of DMB#&duced skin carcinogenesis is
discussed in the present study.

PMID: 16444585 [PubMedindexed for MEDLINE]

Immunopharmacol Immunotoxicd2006;28(1):330.
Prophylactic dose of neem (Azadirachta indica) leaf preparation restricting
murine tumor growth is nontoxic, hematostimulatory and immunostimulatory.
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Significant restriction of growth of Ehrlich's carcinoma was observed following prophylactic
treatment on Swiss albino mice with neem leaf preparation {Nufit) once weekly for four
weeks. Toxic effects of this particular dose (1 unit), along with 0.5 unit and 2 units of NLP
doses, were evaluated on different murine physiological systems. One hundred percent of mice
could tolerate 4 injections of 0.5 and 1 unitNtoses. Body weight, different orghady

weight ratios and physical behavior of treated mice remained completely unchanged during
treatment with different NLP doses. All of these NLP doses were observed to stimulate
hematological systems as evidencedhgyincrease in total count of RBC, WBC and platelets
and hemoglobin percentage. As histological changes as well as elevation in serum alkaline
phosphatase, SGOT, SGPT were not observed in mice treated with three different doses of
NLP, the nonhepatotoxitature of NLP was proved. The level of serum urea remained
unaltered and normal architecture of the cortical and medullary parts of the kidney were also
preserved after NLP treatment. Increased antibody production against B16 melanoma antigen
was detectedh mice immunized with 0.5 unit and 1 unit of NLP. Number of splenic T
lymphocytes (CD4+ and CD8+) and NK cells were also observed to be increased in mice
injected with 0.5 unit and 1 unit of NLP. However, NLP dose of 2 units could not exhibit such
immunosimulatory changes; NLP mediated immunostimulation was correlated well with the
growth restriction of murine carcinoma. In other words, tumor growth restriction was observed
only when mice were injected with immunostimulatory doses of NLP (0.5 unit anid)1 u

PMID: 16684666 [PubMedindexed for MEDLINE]

Asian Pac J Cancer Pre2005 OctDec;6(4):51520.

Ethanolic neem(Azadirachta indica) leaf extract induces apoptosis in the
hamster buccal pouch carcinogenesis model by modulation of B2] Bim,

caspase 8 and caspase 3.
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Induction of apoptosis is one of the most active strategies in cancer clegsmdn and the

ability of medicinal plants in this regard has attracted major research interest. The present
study was designed to investigate the apoptosis inducing capacity of an ethanolic neem leaf
extract (ENLE) during 7,18imethylbenz[a]anthracer{®MBA) -induced hamster buccal

pouch carcinogenesis using the apoptassociated proteins B2| Bim, caspase 8 and

caspase 3 as markers. Topical application of DMBA to the hamster cheek pouch for 14 weeks
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resulted in well developed squamous cell carciasmssociated with increased expression of

Bcl-2 and decreased expression of Bim, caspase 8 and caspase 3. Administration of ENLE
inhibited DMBA-induced hamster buccal pouch (HBP) carcinogenesis, as revealed by the
absence of neoplasms, with induction ahBand caspases 8 and 3 and inhibition ofBcl
expression. Our results suggest that the chemopreventive effects of ENLE may be mediated by
induction of apoptosis.

PMID: 16436003 [PubMedindexed for MEDLINE]

Asian Pac J Cancer Pre2005 JuSep;6(3):263D.

Quinone reductase inducers in Azadirachta indica A. JusBowers, and their
mechanisms of action.
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Tepsuwan A Kusamran WR.
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We have previously shown that the flowers of neem tree (Azadirachta indica A. Juss, family
Meliaceae), Thai variety, strongly induced the activitglutathione Sransferase (GST)

while resulting in a significant reduction in the activities of some cytochrome P(450)

dependent monooxygenases in rat liver, and possess cancer chemopreventive potential against
chemicallyinduced mammary gland and livearcinogenesis in rats. In the present study, 2
chemicals possessing strong QR inducing activity were fractionated from neem flowers using a
bioassay based on the induction of QR activity in mouse hepatoma Hepa 1cl1c7 cultured cells.
Spectroscopic charamistics revealed that these compounds were nimbolide and chlorophylls,
having CD (concentration required to double QR specific activity) values of 0.16 and 3.8
mug/ml, respectively. Nimbolide is a known constituent of neem leaves, but was found for the
first time here in the flowers. Both nimbolide and chlorophylls strongly enhanced the level of
QR mRNA in Hepa 1clc7 cells, as monitored by northern blot hybridization, indicating that

the mechanism by which these constituents of neem flowers induced QR &the

induction of QR gene expression. These findings may have implication on cancer
chemopreventive potential of neem flowers in experimental rats previously reported.

PMID: 16235984 [PubMedindexed for MEDLINE]
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Ethanolic leaf extract of neem (Azadirachta indica) inhibits buccal pouch
carcinogenesis in hamsters.
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We evaluated the chemopreventive effects of ethanolic neem leaf extract in the initiation and
postinitiation phases of 7,1dimethylbenz[a]anthracene (DMBA)duced hamster buccal

pouch (HBP) carcinogenesis. The frequency of bone marrow micronuclei as well as the
concentrations of lipid peroxides, ratio of reduced to oxidized glutathione (GSH/GSSG), and
the activities of the GSldependent enzymes glutathione peroxidase (GPx) and glutatBione
transferase (GST) in the buccal pouch, liver and erythrocytes were used as biomarkers of
chemoprevention. All the hamsters painted with DMBA alone for 14 weeks developed buccal
pouch carcinoras that showed diminished lipid peroxidation and enhanced antioxidant status
associated with increased frequencies of bone marrow micronuclei. In the liver and
erythrocytes of tumodbearing animals, enhanced lipid peroxidation was accompanied by
compromigd antioxidant defences. Administration of ethanolic neem leaf extract effectively
suppressed DMBAnduced HBP carcinogenesis as revealed by the absence of tumours in the
initiation phase and reduced tumour incidence in theipdstion phase. In addin,

ethanolic neem leaf extract modulated lipid peroxidation and enhanced antioxidant status in
the pouch, liver and erythrocytes and reduced the incidence of bone marrow micronuclei. The
results of the present study, demonstrate that ethanolic neemtlaat enhibits the

development of DMBAInduced HBP tumours by protecting against oxidative stress.
Copyright 2004 John Wiley & Sons, Ltd.

PMID: 15473007 [PubMedindexeal for MEDLINE]
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Immunostimulatory neem leaf preparation acts as an adjuvant to enhance the
efficacy of poorly immunogenic B16 melanoma surface antigen vaccine.
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Immunogenecity of the poorly immunogenic B16 melanoma cell surface antigen
(B16MelSAgQ) was enhanced by combining B16MelSAg with NLP in C57BL/6 mice, as
evidenced by ELISAand flow cytometry. NLP was as effective as Freund's complete and
incomplete adjuvant to generate antibodies recognizing the B16MelSAg. The NLP generated
antibody was a gamma globulin with a subtype of IgG1. Splenic lymphocytes from
B16MelSAg+NLP treated ioe proliferated more rapidly in vitro when stimulated by specific
(B16MelSAg) and nonspecific (ConA) stimulators, in comparison to the proliferation detected
in B16MelSAg and NLP treated groups. Vaccination of mice with B16MelSAg+NLP more
efficiently prevented the growth of B16 melanoma tumor than mice immunized with
B16MelSAg or NLP alone. In another experiment, the immune sera (B16MelSAg+NLP) was
mixed with B16Mel tumors and injected subcutaneously into syngenic C57BL/6 mice. Tumor
burden was less in meaeceiving a tumor along with B16MelSAg+NLP generated immune
sera than other groups. The B16MelSAg+NLP generated immune sera induced antibody
dependent cellular cytotoxicity specifically towards B16Mel tumor cells in vitro. We
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concluded that NLP might kepotential immune adjuvant for inducing active immunity
towards tumor antigens.
PMID: 15914339 [PubMedindexed for MEDLINE]

J Exp Clin Cancer Re2005 Jun;24(2):2230.

Modulation of xenobiotic-metabolizing enzymes by ethanolic neem leaf extract
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Chemoprevention by medicinal plants is a promisipgroach for controlling cancer. There is
substantial evidence to indicate that chemopreventive agents exert their anticarcinogenic
effects by modulation of phase | and phase Il xenobiogtabolizing enzymes. Therefore, we
examined the chemopreventivetential of ethanolic neem leaf extract (ENLE) on 7,12
dimethylbenz[a]anthracene (DMBA)duced hamster buccal pouch (HBP) carcinogenesis.
Hamsters were divided into four groups of six animals each. The right buccal pouches of
animals in Group | were paed with 0.5 per cent DMBA in liquid paraffin three times per
week. Animals in Group 2 painted with DMBA as in group 1, received in addition, intragastric
administration of ENLE at a concentration of 200 mg/kg bw three times per week on days
alternate to DNBA application. Group 3 was given ENLE alone. Animals in Group 4 served
as controls. All animals were killed after an experimental period of 14 weeks. Five out of six
hamsters painted with DMBA alone developed squamous cell carcinomas in the buccal pouch.
The HBP tumours showed an increase in phase | carcinogen activation (cytochrome P450 and
b5) and phase Il detoxification enzyme (glutathi@eansferase, D-Hiaphorase and
NADPH-diaphorase) activities. In the liver of tumehgaring animals, enhanced agthirome

P450 and b5 levels were accompanied by a decrease in phase Il detoxification enzyme
activities. Administration of ENLE effectively suppressed DMB®uced HBP tumours,
decreased cytochrome P450 and b5 levels, and enhanced phase Il enzyme acthaties

pouch and liver. Our results suggest that the modulation of DMBA metabolism is a possible
mechanism for the chemopreventive effects of ethanolic neem leaf extract.
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