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Influence of TRPV1 Modulators Capsaicin and

Capsazepine on Osteoclastogenesis in vitro
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Abstract—The influence of TRPV1 modulators capsaicin and
capsazepine to regulate the growth and proliferation of
osteoclasts and thereby control osteoclastogenesis was studied
on murine macrophage cell line RAW 264.7 induced to take up
osteoclastic lineage by the addition of RANK (receptor activator
of nuclear factor kappa B) ligand. The differentiation of cells of
macrophage lineage into osteoclastic lineage upon the addition
of RANK ligand was ascertained by TRAP (Tartarate Resistant
Acid Phosphatase) staining and subsequent light microscopy
analysis. Crystal violet test, Sulphorhodamine B assay, NBT
reduction test and Neutral red dye uptake test were taken as end
point indicators to assess osteoclast growth and proliferation. It
was observed that capsaicin at a concentration of 200ug/ml
exhibited a statistically significant increase whereas
capsazepine at a concentration of 94.2ug/ml (1Cs, concentration
of capsazepine) exhibited a statistically significant inhibition of
osteoclast growth and proliferation. Results of the study
indicate that both the compounds influence osteoclastogenesis
with capsaicin showing a potentiating and capsazepine showing
inhibitory effect thereby implicating their ability to influence
bone resorption and hence bone remodeling. The compounds
could be of therapeutic importance in musculoskeletal diseases
and other inflammatory diseases of the bone to regulate the
disruption in bone remodeling equilibrium.

Index Terms— Capsaicin, Capsazepine, Osteoclastogenesis,
RAW 264.7, TRPV1 channels

. INTRODUCTION

Bone has multiple functions in vertebrates, including
protection of vital organs and hematopoietic marrow,
structural support for muscles, storage and release of vital
ions, such as calcium and of growth factors stored in the
matrix [1]. Osteoclasts, the body’s principal bone-resorbing
cells, are multinucleated giant cells of hematopoietic
originthat not only play a critical role in skeletal development

and maintenance but are also implicated in the pathogenesis
of various pathogenic conditions including postmenopausal
osteoporosis, cancer and other inflammatory diseases of the
bone.

Calcium is crucial for bone homeostasis and has multiple
roles in osteoclast formation, survival, and activity[2] as the
skeleton is influenced both by external Ca®* balance as well
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as by the intracellular Ca®*signaling in bone cells. Normal
bone homeostasis does not only depend on extracellular
calcium, but also on intracellular Ca**signaling cascades that
regulate the differentiation and functioning of multiple bone
cells [3]. Indeed, 99% of the body’s calcium is stored in bones
where it contributes to its mechanical and structural
properties. Consequently, bone requires a sufficient supply of
calcium to maintain skeletal integrity [4]. The maintenance of
extra and intracellular Ca®* homeostasis is thus crucial for
bone biology and depends for a large part on Ca* channels.
Several types of Ca®*channels exist including (i) Ryanodine
receptors and inositol- 1,4,5-triphosphate receptors (IP3)
which mediate release of calcium from the endoplasmic
reticulum (ii) Store-operated calcium channels (SOCE),
which include ORAIL and STIM1 which mediate the flux of
extracellular Ca®*into the RER via ORAI1 upon intracellular
store depletion sensed by STIM1 (iii) Voltage-gated
Ca’*channels(VGCC) that allow Ca*influx upon cell
depolarization (vi) Stretch-activated Ca?*channels that
mediate Ca**influx after mechanical stimulation and (v) the
transient receptor potential (TRP) family of cat ion channels
[2].

TRPV families of ion channels are involved in the
extracellular calcium homeostasis and intracellular
Ca’*signaling in bone cells. The TRPV family consists of six
members, which are all membrane proteins composed of six
transmembrane domains that form a cation permeable pore
region. TRPV 1-4 are non-selective cation channels, whereas
TRPV5 and 6 are highly Ca®*selective. TRPV1 is activated
by a variety of stimuli including heat, noxious chemicals and
low pH [5]-[7]. TRPV1 is expressed in osteoblasts and
osteoclasts and promotes differentiation of both cell types.
Indeed pharmacological blockage of TRPV1 inhibits in vitro
osteoclast and osteoblast differentiation [8]. Thus TRPV1
may directly affect and influence osteogenic cell
differentiation. The TRPV1 channel functions as a pain and
temperature sensor in mammalians [9].

Many pharmacological compounds which can have a
profound influence on TRPV1 channels can therefore
influence osteoclastic/osteoblastic activity and thereby can
regulate the bone remodeling process which is crucial for
maintaining the skeletal equilibrium.
Capsaicin (8-methyl-N-vanillyl-6-nonenamide) is an active
component of chilli peppers, which is present in plants
belonging to the genus Capsicum. Capsaicin belonging to the
class of compounds called capsaicinoids is a potent TRPV1
channel agonist and is produced as asecondary metabolite by
chilli peppers. It is a receptor ligand that regulates
nerve-related pain-sensitive signals, inflammation and cancer
growth [10]. Capsazepine is the potent antagonist of the
compound capsaicin and hence is a TRPV1 antagonist
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[11]-[13]. It was obtained by modification of the chemical
backbone of capsaicin [14].Capsazepine blocks the painful
sensation of heat caused by capsaicin which activates the
TRPV1 ion channel.

The objective of the current studyis explore the effects of
TRPV1 channel modulators capsaicin (agonist) and
capsazepine (antagonist) on the growth and development of
osteoclastsin vitro.This is expected to provide leads about the
influence of these compounds in controlling the TRPV1
channels and thereby the potential to exploit them in the
therapy of many diseases involving dysregulation of bone
remodeling in humans and higher animals.

Il. MATERIALS AND METHODS

A. Procurement of chemicals: Capsaicin was procured
from Hi media Laboratories Pvt.Ltd, Mumbai,
India and Capsazepine was purchased from
Sigma Aldrich,St.Louis, MO, USA.

B. Procurement and maintenance of RAW 264.7 cells:
The murine macrophage cell line RAW 264.7
was procured from National centre for cell
sciences (NCCS), Pune, India. The cells were
cultured in  Dulbecco’s modified Eagle’s
medium with 200mM L-glutamine, Antibiotic
and antimycotic solution (1X) and 10% foetal
bovine serum. Cells were grown under standard
growth conditions (Temperature-37° C,5% CO,
and 95% humidity) in a CO, incubator.When a
confluent monolayer was formed cells were
detached by using a cell scraper and then
subcultured into various culture flasks (based on
therequirement for assays). The media was
changed every alternative day.

C. Osteoclast differentiation: RAW macrophage cells
were subcultured in 6 well plate, with
osteoclastogenic media (media that contains
RANKL) at every alternative day. On the 6" day,
multinucleated osteoclast cells were observed to
emerge/differentiate from cells of macrophage
lineage. To confirm the differentiation of RAW
cells in to functional osteoclasts TRAP staining
was performed and the differentiated osteoclasts
used for various assays.

D. TRAP Staining: This was performed by following the
method described by Takahashi et al., [15].
Briefly, the conditioned medium was removed
from the plate and the cells were rinsed three
times with PBS. Fixative solution was added and
the cells were fixed 15 min at room temperature.
Fixative was removed and the cells rinsed three
times with PBS and once with deionized water.
The cells were incubated at -20° C in methanol
for several minutes, followed by a rinse with
water. Enough staining solution was added to
cover the cells and the plates were incubated at
37°C for 1 h in the dark. Stain was removed and
the cells rinsed thoroughly with water. The
sample was air dried and viewed under an
inverted phase contrast microscope.

E. Preparation of stock solution of capsaicin and

capsazepine: The stock solution of the test
compounds was prepared by dissolving in DMSO
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(Img/ml). From the stock solution, the required
concentration of the compounds was diluted in
incomplete media and used for various assays.

F. Crystal violet test: To determine the cell viability and

growth, crystal violet assay was carried out as
described earlier[16]. Briefly, the cells were plated
and treated with different concentrations of the test
compounds and allowed to proliferate for 72 h.
After 72 h of proliferation the cells were fixed in
10% formalin saline (50pl/well) for 30 min. Then
the cells were stained with crystal violet (0.05%
w/v) for 30 min. The wells were then washed
thoroughly with distilled water to remove any
unbound dye and destained with Sorenson’s buffer
(0.1 M sodium citrate in 50% ethanol, pH 4.2). The
absorbance of the extracted stain was measured at
540 nm.

G. Sulforhodamine B assay (SRB): Briefly, cell

suspensions containing 1x10* viable cells/ml were
plated onto 96-well plates and allowed to attach
for 24 h at 37°C in a 5% CO, atmosphere. The
cells were then exposed to the test compounds for
24 h. Cells were washed with PBS and fixed with
trichloroacetic acid at 4°C for 1 h. After washing
with water, cells were stained with SRB. Protein
bound stain was solubilized with unbuffered Tris
base [tris(hydroxymethyl)aminomethane]. The
absorbance was then measured at 540 nm using a
microplate reader. Results were expressed as
relative absorbance of the treated cells compared
with untreated controls.

H. NBT reduction test: NBT (Nitroblue tetrazolium)

reduction test was performed following the
method described earlier [17]. Briefly, after 72 h
of proliferation, 10ul of nitro blue tetrazolium
chloride (5 mg/ml in phosphate buffered saline —
pH 7.4) was added to the cultured cells and
incubated in a CO, incubator at 37°C for 5 h. The
cells were then washed three times with saline and
the formazan crystals were solubilised by adding
100ul of isopropanol. The optical density was
measured at 570nm in a microplate reader.

. Neutral red dye uptake test: Neutral red dye uptake

test was performed by the method of Parish and
Mullbacher [18]. Briefly, after 48 h of incubation,
the medium was removed and viable cells were
stained for 45 minutes with 5 pl of neutral red
(0.1%). The stain was then removed and the wells
were washed three times with 0.9% saline. Neutral
red was then released by the addition of 1:50
mixture of 100mM acetic acid and ethanol. The
optical density was measured at 570nm in a
microplate reader.

J. Statistical analysis: All the experiments were carried

out in triplicate on atleast three different occasions
and the mean of the replicate values were taken.
Values were expressed as mean + SD. Statistical
analysis of the data was determined by
Student’s-t-test and comparisons were made
between the untreated control groups and the
treated groups.
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Il. RESULTS
A.Differentiation of osteoclast cells by TRAP assay:

Fig 1 illustrates the differentiation of cells of macrophage
lineage into functional osteoclasts as determined by TRAP
staining. Result shows that mononucleated macrophage
cellsRAW 264.7 were differentiated into characteristic giant
multinucleated cells implicating the differentiation of the
cells of macrophage lineage into osteoclast cells. Unstained
cells are indicative of undifferentiated cells. After confirming
the differentiation of RAW 264.7 cells into osteoclast lineage
cells, the differentiated osteoclasts were used for various cell
growth and cytotoxicity evaluation assays.

Undifferentiated cell

Differentiated
osteoclast cell

Fig 1: Differentiation of osteoclast cells from RAW 264.7
macrophage cells upon the addition of RANK ligand. Pink
colour stained cells indicate differentiated multinucleated
osteoclasts and unstained cell shows undifferentiated
macrophage lineage cells. (Magnification- 10 X 4x)

B.Effect of capsaicin and capsazepine on osteoclast growth
and proliferation in vitro (crystal violet test,
Sulphorhodamine B assay, NBT and Neutral red dye uptake
test):

Fig 2, 3 and 4shows the effect of capsaicin and capsazepine
on the growth and proliferation of osteoclasts cells as
determined by crystal violet test, SRB, NBT reduction test and
Neutral red dye uptake test. Treatment with capsaicin
(200pg/ml) induced a statistically significant increase in the
growth of osteoclast cells (P < 0.01 for crystal violet and NBT
reduction test; P < 0.001 for SRB and neutral red dye uptake
test) as compared to untreated control. Results also indicate
that the cells treated with capsazepine showed a marked
decrease in growth, which was found to be statistically
significant (P<0.001) as compared to untreated control in all
the cell growth assays performed. ICsqvalue of capsazepine
was found to be 94.2ug/ml.
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Fig 2: Effect of capsaicin and capsazepine on osteoclast
growth (Crystal violet test). Values were expressed as mean +
SD. Student’s-t-test analysis. Comparisons were made
between untreated control and the treated groups. *** P<
0.001, ** P <0.01. Con- Control, Cap- Capsaicin and Cpz-
Capsazepine
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Fig 3: Effect of capsaicin and capsazepine on osteoclast
growth (SRB assay). Values were expressed as mean + SD.
Comparisons were made between untreated control and the
treated groups.*** P< 0.001. Con- Control, Cap- capsaicin
and Cpz- Capsazepine.
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Fig 4: Effect of capsaicin and capsazepine on osteoclast
growth (NBT reduction test and Neutral red dye uptake test).
Values were expressed as mean £ SD. Comparisons were
made between untreated control and the treated groups. ***
P<0.001, ** P <0.01. Con- Control, Cap- capsaicin and Cpz-
Capsazepine.

IV. DISCUSSION

Osteoclasts are the cells uniquely responsible for dissolving
both organic and inorganic components of bone during bone
development and remodeling throughout life. These cells
originate from hematopoitic precursors of the monocyte
/macrophage lineage that are present both in the bone marrow
and peripheral circulation and their numbers and /or activity
are frequently increased in a wide array of clinical disorders
that are associated with excessive bone loss. Bone resorption
by osteoclasts is regulated by various molecular signals of
which receptor activator for nuclear factor kappa B (RANK)
ligand — a member of tumour necrosis factor superfamily and
intracellular calcium signaling plays a decisive role [19].

Osteoclast differentiation is initiated by the simultaneous
activation of RANK after binding to RANK-ligand
(RANKL) and of the immunoreceptor tyrosine-based
activation motif (ITAM)-associated immunoglobulin-like
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receptor (IgLR)[20],[21]. These signaling pathways induce
the activation of phospholipase C y (PLC y). PLC y produces
IP3, which evokes calcium release from the ER via IP3
receptors that will subsequently lead to typical Ca2 +
oscillations [22]. The Ca*'oscillations turn on a number of
Ca?*calmodulin activated proteins including calcineurin and
calmodulin dependent protein kinases (CaMK). Upon
activation of the phosphatase calcineurin, the NFATcl
(nuclear factor for activated T cells cl), the master
transcription factor in osteoclast differentiation, becomes
phosphorylated [23]. NFATc1 migrates into the nucleus and
fuses to upstream tartrate-resistant acidphosphatase (TRAP),
an osteoclast specific gene, cathepsin K, calcitonin receptor,
and osteoclast-associated receptor (OSCAR), thus promoting
transcription [20].

In the current study TRAP assay was performed to check the
differentiation of RAW 264.7 cells in to functional osteoclast
cells. TRAP staining is a very reliable and sensitive indicator
of the differentiation of cells of macrophage lineage into
functional osteoclasts and hence performed in the current
study. The appearance of multinucleated osteoclasts are
indicative of successful differentiation of mononucleated
macrophages. To understand the influence of capsaicin and
capsazepine on osteoclastogenesis various cell growth and
viability assays were performed.

Crystal violet test has been employed for a wide number of
applications including determination of cytotoxicity or cell
death produced by chemicals, drugs, or toxins from
pathogens [24] and to determine cell viability or the extent of
cell proliferation [25] under different conditions. The neutral
red uptake assay provides a quantitative estimation of the
number of viable cells in a culture [26].1t is one of the most
widely used cytotoxicity assay with many biomedical and
environmental applications. It is based on the ability of viable
cells to incorporate and bind the supravital dye neutral red in
the lysosomes [27]. NBT reduction test in combination with
neutral red dye uptake test provide a good understanding of
the influence of test compounds on growth of the cells in
vitro.

The increased proliferation of osteoclasts following
incubation with capsaicin implicate its positive influence on
osteoclastogenesis and hence a tendency to increase bone
resorption. On the contrary, the ability of capsazepine to
inhibit the growth of osteoclasts implicates its inhibitory
effects on osteoclastogenesis and thereby bone resorption. As
most of the progressive inflammatory skeletal diseases
including bone cancer in humans is characterized by a shift
towards bone resorption and increased osteoclastogenic
activity, the inhibitory effects exhibited by capsazepine gains
importance as it opens up the possibility of it being exploited
as a potential antiresorptive agent to control the progressive
damage and deterioration of the bones in pathological
conditions. Further advanced studies are ongoing in the
laboratory to understand the mechanisms involved behind the
antiresorptive functions of capsazepine by investigating
apoptotic markers, genes controlling the expression of
osteoclastic function and by studying the molecular targets
involved in calcium and NF-kB signalling.
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V. CONCLUSION

Results of the current study implicate the potential of TRPV1
modulators capsaicin and capsazepine to influence
osteoclastic activity in vitro. Capsaicin potentiates
osteoclastic activity and thereby activates bone resorption
whereas capsazepine inhibits osteoclastogenesis, thereby
inhibiting the bone resorption process. The compounds could
be of therapeutic value to regulate osteoclastic activity and
restore bone remodeling equilibrium that is disrupted in
several musculoskeletal disorders and diseases.

Acknowledgements: The financial assistance provided to this
work to one of the authors Mr. Mohan Gowda in the form of
research fellowship from the Government of Karnataka
(OBC fellowship) is gratefully acknowledged.

Conflict of Interest: The authors declare no conflict of
interest.

REFERENCES

[1] B.F. Boyce, L. Xing, W. Shakespeare, Y.Wang, D. Dalgarno, J.
Iuliucci and T. Sawyer. “Regulation of bone remodeling and emerging
breakthrough drugs for osteoporosis and osteolytic bone metastases”.
Kidney Int Suppl. 2003; 2-5.

[2] LJ. Robinson, H.C. Blair, J.B. Barnett, M.Zaidi and
C.L.Huang.“Regulations of bone turn over by calcium-regulated
calcium channels”. Ann N Y AcadSci2010;1192: 351-357.

[3] L.Liebenand G. Carmeliet. “The involvement of TRP channels in bone
homeostasis”.Front Endocrinol 2012; 10.3389.

[4] D.D.Bikle. “Vitamin D insufficiency/deficiencyin gastrointestinal
disorders”. J Bone Miner Res 2007;22 (2): V 50-V54.

[5] J.G. Hoenderop, B. Nilius and R. J.Bindels .“Calcium absorption
across epithelia”. PhysiolRev 2005; 85: 373-422.

[6] S.F. Pedersen, G.Owsianik andB. Nilius. “TRP channels: an
overview”. Cell Calcium2005; 38: 233-252.

[7] B. Nilius, G. Owsianik, T. Voets and J.A. Peters.“Transient receptor
potential cation channels in disease”. Physiol Rev 2007;87: 165-217.

[8] A.L Idris, E. Landao-Bassonga and S.H.Ralston. “TheTRPV1 ion
channel antagonist-capsazepine inhibits osteoclast and osteoblast
differentiation in vitro and ovariectomy induced bone loss in
vivo.”Bone 2010;46: 1089-1099.

[91 H.J. Behrendt, T. Germann, C. Gillen, H. Hatt andR. Jostock.
"Characterization of the mouse cold-menthol receptor TRPM8 and
vanilloid receptor type-1 VR1 using a fluorometric imaging plate
reader (FLIPR) assay". Br. J. Pharmacol.2004; 141 (4):737-45.

[10] A. Szallasi and P.M. Blumberg. “Vanilloid (capsaicin) receptors and
mechanisms”.  Pharmacol Rev 1999; 51:159-212.

[11] M.Z. Chou, T. Mtui, Y.D. Gao, M. Kohler and R.E.
Middleton.“Resiniferatoxin binds to the capsaicin receptor (TRPV1)
near the extracellular side of the S4 transmembrane domain”. Biochem
2004; 43:2501-2511

[12] N.R. Gawva, L. Klionsky, L. Q. Shi, R. Tamir, S. Edenson, T.J. Zhang,
V.N. Viswanadhan,A. Toth, L.V. Pearce, T.W. Vanderah, F. Porreca,
P.M. Blumberg J. Lile, Y. Sun, K. Wild. J.C. Louis, J.J. Treanor.
“Molecular determinants of vanilloid sensitivity in TRPV1”. J
BiolChem 2004; 279: 20283-20295

[13] E. Phillips, A. Reeve, S. Bevan andP. Mclntyre. “Identification of
species-specific determinants of the action of the antagonist
capsazepine and the agonist PPAHV on TRPV1”. J BiolChem 2004;
279:17165-17172.

[14] C.S. Walpole, S. Bevan, G. Bovermann G. "The discovery of
capsazepine, the first competitive antagonist of the sensory neuron
excitants capsaicin and resiniferatoxin”. J Med Chem1994; 37 (13):
1942-54. doi:10.1021/jm00039a006. PMID 8027976.

[15] N. Takahashi, N. Udagawa, S. Tanaka andT.Suda. “Generating
murine  osteoclasts  from  bone  marrow”.Methods Mol
Med 2003;80:129-44.

[16] Lena, M. Rechichi, A. Salvetti, B.Bartoli, D.Vechhio, V. Scarcelli, R.
Amoroso, L. Benvenuti, R. Gagliardi, V. Gremigni and L. Rossi.
“Drugs targeting the mitochondrial pore act as cytotoxic and cytostatic

WWW.Wjrr.org


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1574235
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1574235
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1574235
https://en.wikipedia.org/wiki/Br._J._Pharmacol.
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1021%2Fjm00039a006
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/8027976
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12728715
http://www.ncbi.nlm.nih.gov/pubmed/?term=Udagawa%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12728715
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12728715

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

World Journal of Research and Review (WJRR)

ISSN:2455-3956, Volume-2, Issue-6, June 2016 Pages 71-75

agents in temozolomide-resistant glioma cells”. J Translational Med
2009; 7:1-13.

G.M. Williams. “Rat Hepatocyte primary cell cultures.IIl. Improved
dissociation and attachment techniques and the enhancement of
survival by culture medium”. In vitro 1977; 13(12): 809-817.

C.R. Parish, A. Mullbacher. “Automated colorimetric assay for T cell
cytotoxicity”. J Immunol Methods1983; 58(1-2): 225-237.

B.F. Boyce, L. Xing. “Biology of RANK, RANKL and
osteoprotegerin”. Arthritis Res Ther 2007;9 Suppl 1:S1. [PubMed:
17634140]

H. Takayanagi,S. Kim, T.Koga, H. Nishina, M. Isshiki, H. Yoshida, A.
Saiura, M. Isobe, T. Yokochi, J. Inoue, E.F. Wagner, T.W. Mak, T.
Kodama and T. Taniguchi.“Induction and activation of the
transcription factor NFATcl (NFAT2) integrate RANKL signaling in
terminal differentiation of osteoclasts.”Dev Cell 2002;3: 889-901.

T. Koga, M. Inui, K. Inoue, S. Kim, A. Suematsu, E. Kobayashi, T.
lwata, H. Ohnishi, T. Matozaki, T. Kodama, T. Taniguchi, H.
Takayanagiand T. Takai.“Costimulatory signals mediated by the ITAM
motif cooperate with RANKL for bone homeostasis”.Nature 2004;428:
758-763.

Y. Kuroda, C. Hisatsune, T. Nakamura, K. Matsuo and K. Mikoshiba.
“Osteoblasts induce Ca2+ oscillation-independent NFATc1 activation
during osteoclastogenesis”.Proc  Natl AcadSciU.S.A 2008;105:
8643-8648.

A.O. Aliprantis, Y.Ueki, R. Sulyanto, A. Park, K.S. Sigrist, S. Sharma,
M.C. Ostrowski, B.R. Olsen andL.H. Glimcher. NFATc1 in mice
represses osteoprotegerinduringosteoclastogenesis and dissociates
systemic osteopenia from inflammation in cherubism”. J Clin Invest
2008;118: 3775-3789.

Harhaji, O. Vuckovic,D. Miljkovic,S. Stosic-Grujicic and V.
Trajkovic. (2004) Iron down-regulates macrophage anti-tumour
activity by blocking nitric oxide production”.ClinExpImmunol 2004;
137: 109-116.

Zivadinovic, B. Gametchu and C.S. Watson. “Membrane estrogen
receptor-alpha levels in MCF-7 breast cancer cells predict CAMP and
proliferation responses”.Breast Cancer Res 2005; 7:101-112.
Freeman andB. King.“Technique for the performance of the nitro-blue
tetrazolium (NBT) test”. J clinpathol 1972; 25(10): 912-914.

W.S. Rickert and A.H. Trivedi. “Effect of smoking condition and
methods of collection on the mutagenicity and cytotoxicity of cigarette
mainstream smoke”. Labstat international INC 2007; 96(2): 285-93.

75

WWW.Wjrr.org



