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ABSTRACT:
Cancer is a disorder of uncontrolled growth of cells, dysregulation of apoptosis and enhanced invasive activity. Breast
cancer is the second most common diagnosed cancer. Metastasis defines the spreading of cancer to the distant organs
and 70% of the breast cancers metastasize to bone. The animal (rat) model for breast cancer metastasis to bonewas
developed by administration of human breast cancer cell line MDA-MB 231 in the immunosupressed rat.Development of
tumor was observed for two months. Then the nutrient formulation (Brassica oleracea extract, vitamin D, Selenium and
proline) was given orally by gavage. Blood investigations viz;antioxidant enzymes (catalase, SOD, GSH, GSSG, MDA,
GPX), liver parameters (SGOT, SGPT and ALP)and serum parameters (TRAP, Calcium, SGOT, SGPT and ALP) was
performed after one month, two months of insertion and after treatment.Nutrient formulation was found effective against
bone cancer.Invitrostudies,deals with testing of nutrient formulation against MDA-MB 231 cell line. The cancerous cells
proliferation was inhibited after treatment with nutrient medium for 24 hours.

INTRODUCTION:
A wide range of compounds are found to be effective against cancer for example Vitamin D3, lysine, proline,
gallate, quercetin, etc. In present study, a nutrient formulation is constituted and its effect on developed rat
model was investigated. Composition of nutrient formulation includes

BRASSICA OLERACEA (CABBAGE) EXTRACT
Glucosinolates from cabbage are secondary metabolites hydrolyzed by the enzyme myrosinase (1). Their
breakdown products such as isothiocyanates, nitriles and thiocyanates, are chemically very reactive, and they
are known for their bioactive characteristics, such as anticarcinogenic, fungicidal and bactericidal properties
(2). The mechanism by which they protect against cancer includes altered oestrogen metabolism, protection
against reactive oxygen species, induction of phase II enzymes and induction of apoptosis (3).

VITAMIN D3 (CHOLECALCIFEROL)
Vitamin D3 is the naturally occurring form of vitamin D with cholesterol as its precursor. It mediates
intestinal calcium absorption and bone metabolism. It is also reported to exhibit antiproliferative and
proapoptotic activity in breast cancer cell lines, and can reduce the development of mammary tumors in
carcinogen-exposed rats(1).The metabolite of Vitamin D, 1α, 25-dihydroxyvitamin D3 (also known as
calcitriol), is a bioactive compound possessing hormonal activity.

SELENIUM
Selenium is an essential mineral. A small amount (55μg/day) of selenium is needed by the human body.
Selenium as a nutrient may help prevent the development and progression of cancer, by activating antioxidant
enzyme in the body.Selenium supplements can be toxic if the levels go beyond 400μg/day (4).

L-PROLINE
L-Proline is an amino acid. It can be derived from diet and biosynthesized endogenously. An important source
of proline in the microenvironment is from degradation of extracellular matrix by matrix metalloproteinases. It
is metabolized by its own specialized enzyme, proline oxidase.It is a p53-induced gene and itsover expression
can initiate proline-dependent apoptosis by both intrinsic and extrinsic pathways (5).
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CELL LINES AND CULTURE CONDITIONS:
MDA-MB231 cell line was procured from National Centre for Cellular Sciences (NCCS), Pune. The cell line
was maintained in DMEM (Dulbecco’s Modified Essential Medium) supplemented with 10% FBS (Foetal
Bovine Serum) with 0.1% antibiotic solution (actinomycin/streptomycin) with 5% CO2. The cells were
trypsinised after every 2-3 days (6).
CELLS INSERTION IN RATS:
Rats were obtained from CCMB (Centre for Cell and Molecular Biology) and maintained in Departmental
animal house with 270C and 60% humidity. All rats were maintained with 12 hour day and night cycle.Food
and water were provided ad libitum. The rats were housed 3 per cage. They are divided in 5 groups, 6 animals
in a group (3 males and 3 females)viz: Control group, SHAM group, Group I, Group II and Group III (6).
ADMINISTRATION OF CANCEROUS CELLS:
The cells were washed with PBS and then trypsinized by adding 2 ml trypsin/EDTA. Then the cells are
incubated for 4 minutes in CO2 incubator. When the cells started leaving the flask surface (substratum), the
complete media (2 ml) was added to neutralize trypsin/EDTA. Cell counting was done with trypan blue dye to
differentiate between viable and dead cells. Required number of cell count was suspended in 200 µl complete
media and taken in 1 ml syringe (7). Surgical procedure was performed under general anaesthesia, thiopentane
was used 45 mg/kg body weight. The knee and leg area of rat was prepared and wiped with 70% alcohol.Then
a longitudinal medial and parapatellar incision was made. Knee was held in flexion of 900, and a hole into the
femur was drilled then with the help of syringe the cell suspension 200 µl was released into the bone (8). After
one month, two months of cell insertion and after treatment serum parameters (SGOT, SGPT, ALP, protein,
TRAP and calcium), liver parameters (SGOT, SGPT and ALP), antioxidant enzymes (Catalase, SOD, GST,
GSSG, GSH, GPX and MDA) were investigated. For serum, the blood was withdrawn from orbit plexus. Also
after two months of insertion and after treatment the x-ray of rats were taken to detect the changes in bone.
SERUM GLUTAMATE OXALOACETATE TRANSAMINASE (SGOT)
SGOT was estimated by Reitmann and Frankle method. In this method, the amount of oxaloacetate released,
is measured colorimetrically; by the formation of hydrazones with DNPH reagent which is highly coloured in
alkaline medium. The coloured product was read at 540 nm (9).
SERUM GLUTAMATE PYRUVATE TRANSAMINASE (SGPT)
SGPT was estimated by Reitmann and Frankle method. In this method the amount of pyruvate released, is
determined colorimetrically; by the formation of hydrazones with DNPH reagent. The coloured final product
was read at 540 nm (9).
ALKALINE PHOSPHATASE (ALP)
ALP was estimated by King & King Method. Inthis method, the serum is incubated with thebuffer substrate
under optimum conditions to release phenol, which reacts with 4- animoantipyrine in alkalinemedium to give
a red coloured compound which is measured at 520nm (9).
TOTAL PROTEIN:
Total protein was performed by biuret method. Proteins in the serum bind with the cupric ions present in the
biuret reagent to form a blue-violet coloured complex. That can be measured at visible wavelength 546 nm.
CALCIUM:
The method utilizes the metallochromogen (Arsenazo III) which combines with calcium ions present in the
serum to give a highly coloured chromophore. The absorbance of which can be measured at 630 nm.
TRAP
In this method, the serum samples were incubated with citrate buffer or distilled water at 370Cfor 1 hour, to
inactivate the TRAP released from erythrocyte. Then reaction mixture (PNPP p- nitro phenyl phosphate,
sodium citrate, sodium tartarate and sodium chloride) was added to the serum samples. Reaction was stopped
by adding NaOH (10).
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ANTIOXIDANT ENZYMES:
Seven antioxidant enzymes were estimated.

CATALASE:
In presence of catalase, hydrogen peroxide (H2O2) is converted into oxygen and water. The present method is
based on measurement of decrease in absorbance of hydrogen peroxide which is measured at 240 nm. The
decrease in absorption is directly proportional to the activity of enzyme (11).

SUPER OXIDE DISMUTASE (SOD):
This assay method for SOD is based on the ability of enzyme to inhibit autoxidation of Pyrogallol (1,2,3
benzene triol). Pyrogallol is known to autoxidizes rapidly. SOD dismutates the superoxide anion radical.
As a result the solution becomes yellow –brown which can be read at 420 nm (12).

REDUCED GLUTATHIONE (GSH):
Glutathione, is a smallest thiol molecule, which plays an important role in antioxidant defence mechanisms. In
this method, Dithiobis-2-nitrobenzoic acid (DTNB) was used as a colouring reagent. 2100µl of potassium
phosphate EDTA buffer, 300 µl sample (tissue sample), equal volume of DTNB and Glutathione Reductase
was mixed in cuvette and incubated for 30 seconds. This time allows the conversion of GSSG (oxidized form
of glutathione) to GSH (reduced form of glutathione). Then 60 µl of NADPH was added and the reaction
mixture was read at 412 nm (13, 14).

OXIDIZED GLUTATHIONE (GSSG):
This method is known as GSH recycling assay. The method uses the property of glutathione reductase, to
reduce the GSSG to GSH in presence of NADPH. The same procedure as for GSH is followed with slight
modification. The tissue samples were treated with 2 vinyl pyridine, and incubated for 1 hour before assay.
2 vinyl pyridine was used as derivatizing agent to mask the –SH group of GSH. The reaction starts with
conjugation of GSH with DTNB to form the mixed disulphide GS-TNB and chromophore 5-thio-2nitrobenzoic acid (TNB) which is followed by back-reduction of GS-TNB to GSH by GR and NADPH
(prevailing reaction) or by direct reaction of GS-TNB with any GSH still present in the assay mix with
formation of GSSG. Then TNB is measured by spectrophotometry at a 412-nm wavelength (15)
GSH +RSSR GSSR +RSH
GSH + GSSR GSSG +RSH
Glutathione
GSSG +NADPH2 2GSH +NADP
Reductase

GLUTATHIONE S TRANSFERASE (GST):
GST is an enzyme involved in detoxification of wide range of compounds and in reducing oxidative stress.
The assay reaction involves the conjugation of GSH with 1-chloro 2,4dinitro benzene (CDNB), which can be
observed by an increase in absorbance at 340 nm. 980 µl PBS (phosphate buffer saline), 10 µl CDNB and 10
µl glutathione was added in the cuvette and increase in absorbance was observed (16).
Glutathione –SH + CDNB -> Glutathione –S-CDNB

GLUTATHIONE PEROXIDISE (GPX):
GPX activity was measured by method described by Flohe and Gunzler. The reaction mixture consisted of 50
mM potassium phosphate buffer (pH 7), 3.6 mM GSH, 3.6 mM sodium azide, 1 IU/mL glutathione reductase,
0.2 mM NADPH, and 1.2 mM H2O2. In this assay, the GSSG is generated by GPX, which was then reduced
by GR (glutathione reductase), and NADPH oxidation was monitored at 340 nm (17).
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LIPID PEROXIDATION:
Lipid peroxidation was expressed in terms of MDA/g tissue, as MDA is major degradation product of
lipidhydroperoxides. In this assay thiobarbituric acid (TBA) reactive (TBAR) products is measured (varshney
and kale)(18). Two molecules of TBA reacts with a molecule of MDA to form pink complex which is
measured at 530 nm.
TREATMENT:

PREPARATION OF NUTRIENT MEDIUM (NM):
Nutrient formulation was prepared with NF(100 mg/kg BW of rats of Brassica oleraceaextract (hot soxhlet
extract, extracted with 80% methanol) + 25 mg/kg BW of Vitamin D3+ 4 μg/kg BW selenium+ 500 mg/kg
BW of proline) (19). These all are reported to have anticancerous activity (20).Brassica oleracea (cabbage)
extract contain a secondary metabolite, glucosinolates. The glucosinolates are acted upon by thioglucosidase
enzyme Myrosinase, which hydrolyses glucosinolates into thiocyanates, isothiocyanates and/or nitriles. These
compounds are reported to prevent cancer (21).Vitamin D3 is also reported to possess antiproliferative
properties, it reduces the development of mammary tumors in carcinogen exposed rats (22).Proline is
metabolized by its own specific enzyme, proline oxidase. It is P53 induced gene and its overexpression leads
to proline-dependent apoptosis by both intrinsic and extrinsic pathways (23). Selenium as a nutrient may help
prevent the development and progression of cancer, by activating antioxidant enzyme in the body.
Antioxidants are compounds that block the action of free radicals -- activated oxygen molecules that can
damage cells. NF was given by oral gavage, to rats of group I, group II and group III after 2 months of
administration of MDA-MB231. NM was given for 15 days.
GELATIN ZYMOGRAPHY:
GelatinZymography is a method to detect the gelatinase enzyme such as matrix metalloproteinases (MMP)
MMP-2 and MMP-9. These are family of secreted, zinc dependent endopeptidase which are capable of
degrading extracellular matrix (ECM).Also MMP-2 and MMP-9 are reported to play an important rolein
different steps of malignant tumor growth (24). To detect activity of gelatinase, gelatine was added in
acrylamide/bisacrylamide gel, which acts as substrate for gelatinase. Active gelatinase digest the gelatine and
gives clear bands, which after staining with coommassie brilliant blue gives clear bands on dark blue
background (25).
PREPARATION OF GEL:
Gelatinzymography is based on the principle of Disc PAGE (Discontinuous Poly Acrylamide Gel
Electrophoresis). Two gels were prepared between 1mm thick glass platesviz; stacking gel and separating or
running gel.
Table 1: Preparation of Stacking and Running Gel
S.No Reagents
Stacking Gel Running Gel
1.
Distilled water
13.6 ml
-2.
30% Acrylamide-bisacrylamide mix 3.2 ml
14 ml
3.
1M Tris (pH= 6.8)
2.4 ml
-4.
10% SDS
200 µl
330 µl
5.
Gelatin Solution in 1.5M Tris pH 8.8 -20 ml
6.
50 % Glycerol
-330 µl
7.
10% Ammonium per sulphate
200 µl
400 µl
8.
TEMED
20 µl
40 µl
PREPARATION OF SAMPLES:
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30µg of protein sample was loaded on the gel with 5X non-reducing sample buffer.Approx11- 245 kDa ladder
was also loaded. MMP-2 and MMP-9 are 72 and 92 kDa. After loading samples gel was run at 150-200V in
running buffer (Glycine, Tris base and SDS pH 8.3).
GEL WASHING AND STAINING:
After the gel run is completed, the gel is washed with 2.5% triton X 100. Then the gel is kept in incubation
buffer (CaCl2, Tris base and NaN3) for 20 hours. Then the gel is stained in coomassie blue for 1-2 hour.
Lastly, to remove excessive stain the gel was kept in destaining solution for 1-2 hour (25gelatinzymography).
COLLAGEN STAINING:
Picro Sirius red stain was used for histological visualization of collagen. During cancer metastasis to bone,
collagen content decreases. In this study, the bone samples were sent for histology and paraffin embedded
bone sections slides were procured (26). The sections were deparaffinize and then stained with picro Sirius
red.
Deparaffinization (27):
a)
3 changes of xylene for 5 minutes each.
b)
2 changes of 100 % ethanol for 5 minutes each.
c)
2 changes of 95% ethanol for 5 minutes each.
d)
70% ethanol for 5 minutes.
e)
2 changes of deionized distilled water for 1 minute each.
Staining(28):
a)
After deparaffinizaion, apply adequate picroSirius red solution to completely cover the tissue section
and incubate for 60 minutes.
b)
Rinse the slide in 2 changes of acetic acid solution.
c)
Rinse slide in absolute alcohol.
d)
Dehydrate in 2 changes of absolute alcohol.
e)
Clear slide and mount in synthetic stain.
INVITRO ASSAY:
MDA-MB 231 is human breast cancer cell line, procured from National Centre for Cellular Sciences (NCCS,
Pune). Cells appear phenotypically as spindle shaped cells. Cells were maintained in Dulbecco’s Modified
Essential Medium (DMEM), with 0.5% CO2, 370C and 0.1 % penicillin/streptomycin antibiotic solution (8).
The cells were grown in a tissue culture flask until they reached 80-90% confluency. Then the cells were
passaged by trypsin/EDTA, and seeded in 96 well plate in concentration of 100,000 (105) cells per well.
MTT ASSAY:
MTT assay is used to measure the cell viability and proliferation of cells.The assay is based on the conversion
of yellow tetrazolium dye by metabolically active cells to form purple formazan crystals. The yellow
tetrazolium MTT (3-(4, 5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) is reduced by metabolically
active cells, in partby the action of dehydrogenase enzymes, to generate reducing equivalentssuch as NADH
and NADPH. The test compounds (Brassica oleracea extract, vitamin D3, proline and selenium)were prepared
in complete media. The cells were incubated with test compounds for 24 hour. After incubation period is
completed MTT (6 mg/ml) was added to each well. The resulting intracellular purple formazan crystals was
observed and solubilised in solubilisation buffer and quantified by ELISA plate reader at 570 nm (29).
A range of test compounds and combinations were used. For Brassica oleracea extract (100- 3500 µg)
(30),Vitamin D3 (20-60 nm) (31), selenium (5-20 µM)(32) and proline(50- 175 µM) (32 antitumor effect).
The range was selected according to the recommended dose of the respective test compound.
RESULTS:

SGOT AND SGPT:
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SGOT levels increases by 57% as the number of cells administered increases. The highest increase was
observed in GroupII (106 cells were administered).After treatment the SGOT level decreased. There was no
significant difference observed in SGPT after insertion of breast cancer cells.
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Figure 1: Figure 1 represents (A) Variation in SGOT levels in different groups after two months of
insertion of MDA-MB 231 cells and after treatment (B) Variation in SGPT levels before and after
treatment.

ALP AND TRAP:
After two months of insertion of breast cancer cells, ALP level increases by 14 %. The highest level was
observed in Group III (107 cells was administered). After treatment the ALP levels decreases near to normal.
12% Increase in tartarate resistance acid phosphatise was observed after two months of administration of
breast cancer cells (MDA-MB 231). After treatment withnutrient formulation, TRAP level decreases.
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Figure 2: Figure 2 represents (A) Variation in ALP levels before and after treatment (B) Variation in
TRAP levels before and after treatment.


CALCIUM AND PROTEIN:
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Calcium levels increases by 60% after two months of administration of breast cancer cells. As after insertion
of cells in femur bone, the bone releases calcium in blood and becomes fragile. After treatment with nutrient
formulation, the calcium levels decreases. Protein concentration increases by 11.6% after insertion of breast
cancer cells. Protein concentration decreases slightly after treatment.
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(B)
Figure 3: Figure 3 represents (A) Variation in calcium levels in different groups after two months of
insertion of MDA-MB 231 cells and after treatment (B) Variation in protein levels before and after
treatment.
ANTIOXIDANT ENZYMES:

CATALASE AND SOD:
Catalase levels increases by 55.4% after two months of insertion of breast cancer cells. Highest level was
observed in Group II (106 cells was administered). After treatment with nutrient formulation,catalase level
decreases.SOD levels increases by 60% after two months of administration of breast cancer cells. After
treatment with nutrient medium, the calcium levels decreases.
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Figure 4: Figure 4 represents (A) Variation in catalase levels in different groups after two months of
insertion of MDA-MB 231 cells and after treatment (B) Variation in SOD levels before and after
treatment.


GST AND GSH:
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GST levels increases by 60 % after two months of insertion of breast cancer cells. Highest increase was
observed in Group III (107 cells were administered). After treatment with nutrient formulation the GST levels
decreases. 23% increase was observed in GSH after two months of administration of breast cancer cells.
Highest increase was observed in Group III (107 cells were administered). After treatment with nutrient
formulation the GSH levels decreases.
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Figure 5: Figure 5 represents (A) Variation in GST levels in different groups after two months of
insertion of MDA-MB 231 cells and after treatment (B) Variation in GSH levels before and after
treatment.

GSSG AND GPX:
There was no significant difference observed in GSSG and GPX after insertion of breast cancer cells.
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Figure 6: Figure 6 represents (A) Variation in GSSG levels in different groups after two months of
insertion of MDA-MB 231 cell and after treatment (B) Variation in GPX levels before and after
treatment.
MDA:
MDA levels increases by 26 % after two months of insertion of breast cancer cells. Highest increase was
found in Group III (107 cells were administered). There was no significant difference observed in MDA after
treatment with nutrient formulation.
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Figure 7: Figure 7 represents (A) Variation in MDA levels in different groups after two months of
insertion of MDA-MB 231 cells and after treatment.
LIVER ENZYMES:

SGOT AND SGPT:
SGOT levels increases in liver homogenate by 24% after two months of administration of breast cancer cells.
But the increase is not very significant. There was no significant difference observed in liver homogenate
SGPT after insertion of breast cancer cells.
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Figure 8: Figure 8 represents (A) Variation in SGOT levels in liver homogenate in different groups
after two months of insertion of MDA-MB 231 cells and after treatment (B) Variation in SGPT levels
before and after treatment.

ALP AND PROTEIN:
There was no significant difference observed in liver homogenate ALP after insertion of breast cancer cells.
There was no significant difference observed in liver homogenate protein after insertion of breast cancer cells.
But after treatment with nutrient medium the protein levels decreases.
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Figure 9: Figure 9 represents (A) Variation in ALP levels in liver homogenate in different groups after
two months of insertion of MDA-MB 231 cells and after treatment (B) Variation in protein levels before
and after treatment.
LIVER HISTOLOGY:

Normal rat

SHAM Group

105 cells before Treatment

105 cells after treatment
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Inflammation

106 cells before treatment
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107 cells after treatment
Figure 10: Represents liver histology before and after treatment.
BONE HISTOLOGY:
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Figure 11: Represents bone histology before and after treatment.
COLLAGEN STAINING:
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106 cells Before Treatment

106 cells After Treatment

107 Cells before Treatment
107 Cells after Treatment
Figure 12: Bone collagen staining before and after treatment.
GELATIN ZYMOGRAPHY:
GelatinZymography results indicate transparent MMP 9 bands. Two months after the administration of cancer
cells and after treatment serum samples were run on discontinuous gel. Transparent MMP 9 bands were
observed. After treatment (nutrient formulation) bands were less bright than before treatment bands. This
again indicates that after treatment MMP-9 concentration decreases.

Figure 13: Represents gel electrophoresis results of MMP.
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Absorbance

MTT ASSAY:
A range of test compounds and combinations were used. From the range of concentration, one concentration
was selected for each nutrient at which the viable numbers of cells were minimum. For Brassica oleracea
extract (2000µg), Vitamin D3 (20nm), selenium (10µM) and proline(200µM). In the following graph, control
group has only media and cells.The least number of viable cells were observed in combination, in which all
the nutrients were used. That indicates the nutrient mixture that is used is effective against cancerous cells.
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Figure 14: MTT Assay with individual nutrient and with combination.
DISCUSSION:
In this study, breast cancer cell line MDA-MB 231 significantly effected wistar rats, after the cells have been
inserted in the femur bone of rats.In serum investigations, SGOT, ALP, TRAP (Tartarate resistant acid
phosphatase) and calcium levels are increasedfrom the normal range. Reactive oxygen species (ROS)
generated from mitochondria electron transport chain results in oxidative stress (34). To measure antioxidant
stress, the antioxidant enzymes catalase, SOD (superoxide dismutase), GPX (glutathione peroxide), GSH
(reduced glutathione), GSSG (glutathione reduced), GST (glutathione –s-transferase) and MDA (malonyl
aldehyde) was measured (34). Among antioxidant enzymes Catalase, SOD, GST and GSH levels are
increased. Thesignificant increase in the levels of these antioxidant enzymes indicate their role as key
enzymes in the protection of liver from free radicals (34). Increased levels of oxidative stress is further
proved by increased level of MDA (18).Increased level of MDA also indicates increased lipid peroxidation
which causes impairment of membrane functions and inactivation of membrane bound receptor and enzymes
(18). Increased lipid peroxidation is also reported in case of solid tumors (33).These all are indicative of
increase in ROS or oxidative stress and studies on breast cancer metastasis have reported that ROS are
involved in initiation, promotion and progression of carcinogenesis (35). Major clinical complication of
metastatic breast cancer is osteolytic bone destruction, when breast cancer metastasizes to bone.
Furtherleading to increased fracture risk (36). Breast cancer patients often experience low bone mineral
density and accelerated bone loss as an unavoidable side affect of cancer therapies (36doxorubicin mediated).
In osteolytic bone destruction, the calcium releases from the bone and calcium level increases in serum. In our
study we also observed increase in the antioxidant enzyme levels in liver homogenate and increase in SGOT,
ALP, TRAP and calcium in serum was observed. After treatment with nutrient formulation (Brassica
oleraceaextract (hot soxhlet extract) extracted with 80% methanol) + Vitamin D3+ selenium+ proline), the
antioxidant enzyme level decreased near to control group.
In liver histology, as the number of administered cells increases, inflammation increases in liver. The
inflammation decreases after the treatment with Brassica oleraceaextract (hot soxhlet extract) extracted with
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80% methanol) + Vitamin D3+ selenium+ proline.Necrosis was also observed in Group II and Group III in
which 106 and 107 cells were inserted.
In bone histology, the bone trabecular region decreases and appears fragmented in group II and Group III
bone histology. The bone marrow content also decreases in Group II and Group III. This all indicates changes
in bone histology after administration of breast cancer cells. But after treatment with nutrient medium the
bone marrow content slightly increased. Bone layering cells were observed in group III after treatment with
nutrient formulation, which indicates formation of new bone.
CONCLUSION:
There are various experimental animal model for mammary tumorhas been developed, but these rarely
generate bone metastasis(37). Most commonly used model of cancer metastasis employ intravenous
administration of cells, a route that bypass early steps of invasion metastasis cascade (37of mice).But these
model give insight into metastatic colonization in which initially formed micrometastasissucceed in
colonizing the marrow and generating osteolytic metastasis (37). In the present study, animal model for breast
cancer metastasis was generated by administration of MDA-MB 231 breast cancer cell line. This was evident
by increase in antioxidant enzymes in liver homogenate, increase in calcium, SGOT, TRAP in serum levels.
Since free radicals can lead to the development of cancer. We can assume that antioxidants help reduce the
risk of cancer (35). So, in treatment formulation we used Brassica oleracea extract + Vitamin D3 selenium+
proline. Brassica oleraceaextract has characteristic secondary compound glucosinolate and glucosinolate
break down into isothiocyanates and or nitriles, by the action of endogenous enzyme myrosinase. These
products have antibacterial, antifungal and chemo-preventive activity. All these nutrients work synergistically
against breast cancer metastasis to bone.
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