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ABSTRACT

Objective: Chemically induced carcinogenesis models in the rat widely used for studying the biology of cancer development and evaluating cancer
prevetion strategies. The aim of our present investigation attempts to evaluate antitumourogenic efficacy of steroidal sapogenin, diosgenin against

NMU induced mammary carcinoma in Sprague Dawley rats.

Methods: Mammary carcinogenesis was induced by administring a single dose of (50mg/kg bodyweight) of NMU intraperitoneally.

Results: Mammary cancer bearing Group II bearing experimental animals showed enzymatic alterations in the levels of (P<0.05) glycoproteins, TCA
cycle enzymes, carbohydrate metabolising enzymes Kreb cycle enzymes and biotransformation enzymes.

Conclusion: These biochemical modulations were reverted close to normal levels upon management of steroidal sapogenin in group III animals.
From the result of our present analysis, we concluded that diosgenin have anticarcinogenic activity against NMU induced breast cancer.

Keywords: Breast cancer, Mammary cancer, Glycoproteins, TCA cycle enzymes, Biotransformation enzymes, Carbohydrate metabolising enzymes.

INTRODUCTION

Cancer is a foremost health problem globally and the World Health
Organization predicts that, by 2030, an estimated 21.4 million fresh
cases of cancer and 13.2 million cancer related deaths will occur
once a year [1,2]. Breast carcinoma is a variety of cancer instigate
from breast tissue [3]. Breast cancer is one of the most common
cancers in the world and it remains the second leading cause of
cancer deaths [4,5]. It accounts for 10.9% of all cancers, with a
reported incidence of about 1.38 million cases in 2008 [6]. Despite
the fact that the overwhelming majority of human cases occur in
women, few male breast cancer cases also reported [7]. Breast
cancer is not a single disease, instead it is a collection of breast
diseases that have diverse histopathologies, genomic variations, and
clinical outcomes [8]. Mammary cancer etiology is a multifactorial
and the risk factors comprise early menarche, late menopause,
postmenopausal obesity, hormone replacement therapy, previous
and increased lifetime exposure to endogenous or exogenous
estrogens [9]. It has been reported that a number of genes including
(BRCA1 and BRCA2) have been coupled in the event of breast cancer
vulnerability and expansion [10]. Additionally, chemical carcinogens
know for extreme formation of oxygen free radicals can cause
oxidative damage to biomolecules resulting in lipid peroxidation
(LPO), mutagenesis and carcinogenesis. In this correlation, oxygen
free radicals induced LPO has been implicated in neoplastic
transformation [11].
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Chemical structure of N-methyl-N-nitrosourea

N-methyl-N-nitrosourea (NMU) is the oldest and simplest member
of a group of compounds belongs to the alkylnitrosoureas that have
the ability to alkylate DNA [12]. The NMU is formed in vivo by the
interaction of the nitrosonium ion from ingested food preservative
sodium nitrite with endogenous N-methyl urea. NMU is a highly
consistent chemical carcinogen, mutagen, and teratogen [13]. NMU
is an alkylating agent and exhibits its toxicity by transferring
its methyl group to nucleobases in nucleic acids [14]. NMU is an

effectual carcinogen for the induction of breast carcinoma in
experimental rats and a very good model for human mammary
carcinomas [15].

Considering current treatments reported to produce various side
effects and also restriction in the advanced treatment show the way
to innovative new approachs for managing breast cancer [16]. Plant
derived biological compounds have the prospective to fall down the
biochemical disproportion stimulated by various toxins connected
with free radicals [17]. Natural chemopreventive agents have been
identified to endow with safeguard devoid of causing any side effects
and as a good defender against the free radicals [18]. Natural
products, especially plant based products, have been frequently
examined as anticancer agents [19]. Chemoprevention has been
successfully achieved in numerous in vitro and as well as in vivo
studies and has been validated in several human intervention trials
[20].

Diosgenin, a steroid sapogenin, belonging to the group of triterpenes
found in a number of plants including Dioscorea species (yams),
fenugreek and Costus speciosus [21]. Steroidal sapogenins are
secondary metabolites whose biosynthetic precursors are sterols,
especially cholesterol and it is an imperative compound in the
pharmaceutical industry as a natural source of steroidal hormones
[22,23]. Diosgenin, structurally analogous to cholesterol and other
steroids establish a range of biological and pharmalogical activities
including antimicrobial [24], antiviral [25], anti-inflammatory
activities, anti-diabetes [26], gastrointestinal ailments [27] and also
plays an significant responsibility in the control of cholesterol
metabolism [28]. Furthermore steroidal saponins (aglycone) also
exert anticarcinogeneic properties against a wide variety of tumor
cells [29-31]. The role of environmental contaminants such as NMU
in enhancing breast cancer risk, the present investigation attempts
to prove the anticancer consequence of diosgenin against NMU
induced experimental breast cancer.
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MATERIALS AND METHODS
Animals

Healthy female Sprague Dawley rats at the age group of 45-48 days
were used for this present investigation. They were obtained from
the central animal house facility, Dr. ALMPGIBMS, University of
Madras, Taramani, Chennai, Tamilnadu, India. The animals were
kept in large spacious polypropylene cages and received
standardized rat pellet and water ad libitum. The animal room was
well ventilated and a 12 h day and light rhythm was maintained
throughout the experimental period. During the course of the study,
the temperature was maintained between 27°C to 37°C. The
maintenance and breeding of experimental animals were followed
as defined by the Ministry of Social Justice and Empowerment of
India, 1998 (IAEC No. 01/024/2010).

Chemicals

1-Methyl-1-Nitrosourea (NMU) and Diosgenin were purchased from
Sigma Chemical Company, St Louis, MO, USA. All other chemicals
including solvents used were of high purity and of analytical grade
marketed by Glaxo Laboratories, Mumbai, and Sisco Research
Laboratories Pvt. Ltd, Mumbai, India

Dose fixation

The range of dosage of Diosgenin was selected from the previous
report. Preliminary biochemical studies were conducted at the
concentration of 20 mg/kg body weight and remarkable response
was observed. Hence, this concentration was selected for the
present investigation.

Tumor induction

1-Methyl-1-Nitrosourea (NMU) was used as a carcinogen for the
present investigation. Mammary cancer was induced by a single
dose of 50 mg/kg body weight of NMU was dissolved in 0.9% saline
adjusted with acetic acid (pH 4.0) and then administered
intraperitoneally. After thirteen weeks of experimental period, all
the animals were sacrificed.

Experimental Design

The rats were divided into four groups with six animals in each
group and were given dose regimen as given below.

Group IControl animals were given normal Saline (0.9%).

Group IIAnimals received a single dose of (50mg/kg bodyweight) of
NMU diluted in 0.9% saline adjusted with acetic acid at pH 4.0 and
then administered intraperitoneally.

Group IlIAnimals received a single dose of(50mg/kg bodyweight) of
NMU diluted in 0.9% saline adjusted with acetic acid at pH 4.0 and
then administered intraperitoneally and from the seventh week
(i.e.45days after NMU administration) followed by Diosgenin at the
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concentration of (20mg/kg bodyweight) dissolved in 1% gum acacia
(1ml) for 45 days Orally.

Group IVAnimals received Diosgenin at the concentration of (20mg/kg
body weight) dissolved in 1% gum acacia (1 ml) for 45 days orally.

Collection of blood and Tissues

At the end of the experimental period, all the animals were
anesthetized with diethyl ether, and they were sacrificed by
decapitation. Animals were starved overnight before sacrifice. Blood
was collected and the serum was separated by centrifugation. The
breast and liver tissues were dissected out and washed 2 to 3 times
with saline, and known weight of breast and liver were homogenized
in 0.1 M Tris-HClI buffer (pH 7.4). The homogenate was subjected to
differential centrifugation. The cell organelle such as mitochondria,
microsomes and cytosolic fractions were isolated. Total homogenate
and subcellular fractions were used for the assay of the following
parameters in serum, plasma, breast and liver samples.

Biochemical analysis

Hexose was estimated [32], Hexosamine was estimated [33], Sialic
acid was estimated [34]. Hexokinase [35], Phosphoglucoisomerase
[36], Aldolase [37], Glucose-6-phosphatase and Fructose-1,6-
diphosphatase was assayed [38]. The inorganic phosphate was
estimated [39], Erythrocyte membrane was isolated [40], with a
change in buffer [41], Na*/K*-ATPase [42], The activity of Ca2*-
ATPase [43] and the activity of Mg2*- ATPase was assayed [44].
Isocitrate dehydrogenase [45], Succinate dehydrogenase [46],
Malate dehydrogenase [47] and a-Ketoglutarate dehydrogenase was
estimated [48]. The liver microsomes were separated according [49]
with slight modification [50]. Cytochrome Piso was estimated and
the amount of cytochrome bs was measured [51], the activity of
NADPH-cytochrome Pasoreductase was assayed [52], Glutathione-S-
transferase was assayed [53], UDP-Glucuronyltransferase was
estimated [54] as modified [55].

Statistical analysis

Data are presented as the mean * Standard Deviation (SD). One way
analysis of variance (ANOVA) followed by Turkey’s multiple
comparison method was used to compare the mean of different
groups by using SPSS 10.0 student versions. Comparisons were made
between group Il with Il and group IV with I for animal studies.

RESULT

The levels of hexose, hexosamine and sialic acid of plasma, breast
and liver of control and experimental animals were presented in
Figure 1, 2 and 3 respectively. The levels of hexose, hexosamine and
sialic acid were increased significantly in group II cancer bearing
animals (p<0.05). A concomitant decrease of these glycoproteins
levels were observed in group III drug treated animals (p<0.05).
However, there was no change in group IV drug control animals
when compared with group I animals.

Fig. 1: Effect of diosgenin on the levels of glycoproteins in plasma of control and experimental animals
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Fig. 2: Effect of diosgenin on the levels of glycoproteins in breast of control and experimental animals

mg/g tissue

Hexose
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Fig. 3: Effect of diosgenin on the levels of glycoproteins in liver of control and experimental animals

Each bar expressed as mean + SD for six animals in each group

a - Group I Vs Group II, Il and IV, b - Group II Vs Group Il and IV, ¢ - Group III Vs Group IV

The significance at the level of p<0.05

The efficacy of diosgenin on the levels of carbohydrate metabolizing
enzymes in liver of control and experimental animals are presented
in Figure 4. In breast the activity of the carbohydrate metabolizing
enzymes such as hexokinase, phosphoglucoisomerase and aldolase
were found to be significantly elevated (p<0.05) and the glucose-6-
phosphatase and fructose-1,6-diphosphatase (p<0.05), were

significantly decreased in group II animals when compared with
group I control animals. All the carbohydrate metabolizing enzymes
were significantly altered with the treatment of diosgenin in group
III animals (p<0.05) when compared with group II NMU induced
animals. There was no remarkable changes were observed in group
IV drug alone treated animals when compared to group I animals.

Hexokinase  P-Gluco-isomerase

Aldolase Glu-6-phosphatase Fruc-6-

phosphatase

OGroupl @ Group II

O Group I OGroup IV

Fig. 4: Effect of diosgenin on the levels of carbohydrate metabolizing enzymes in liver of control and experimental animals
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Units are expressed as; Hexokinase - n moles of glucose-6- phosphate liberated/mg protein/min; Phosphogluco-isomerase (n moles of fructose
liberated/mg protein/min); Aldolase (n moles of glyceraldehydes liberated/mg protein/min); Glucose-6-phosphatase (n moles of inorganic
phosphate liberated/mg protein/min); Fructose-1,6-diphosphatase (n moles of inorganic phosphate liberated/mg protein/min)

Each bar expressed as mean + SD for six animals in each group

a - Group I Vs Group 11, Il and 1V, b - Group II Vs Group IIl and 1V, c - Group III Vs Group IV

The significance at the level of p<0.05

Figure 5 and 6 depicts the activities of Na*/K*, Ca?* and Mg
ATPases in erythrocyte membrane and liver of control and
experimental animals respectively. NMU induced group II breast
cancer bearing animals shows a significant decline in the levels of
Na*/K+*, Ca?* and Mg?* ATPases (p<0.05) when compared with
control animals. These levels were found to be significantly
increased on diosgenin treatment (p<0.05) in group III animals
when compared to group II animals. On the other hand, there was no
significant variations in group IV diosgenin alone treated animals
when compared with group I control animals.

The effect of diosgenin on the mitochondrial TCA cycle enzymes such as
ICDH, SDH, MDH and a-KGDH in the breast of control and experimental
animals are showed in Figure 7. A significant decrease in the levels of
TCA cycle enzyme were observed in group II animals when compared to
group I control animals (p<0.05). In this connection, the levels of TCA
cycle enzymes are significantly increased in group III diosgenin treated
animals (p<0.05) when compared to group II cancer bearing animals.

protein/min

Na+K+ ATPase

H moles of inorganic phosphate liberated /mg

They were observed no changes in group IV drug administered animals
when compared with group I control animals.

In the present investigation the effect of diosgenin on the activities of
Phase I and Phase Il drug metabolising enzymes in liver microsomes of
control and experimental animals are presented in Figure 8 and 9. In
group II breast carcinoma bearing animals, the levels of phase I
enzymes such as cytochrome Paiso, cytochrome bs, and NADPH
cytochrome C reductase, were found to be decreased considerably
(p<0.05) when compared with group I animals. Interestingly phase 11
biotransformation enzymes such as UDP glucronyl tranferase were
significantly increased. However, Glutathione-S-transferase was
significantly decreased in group II (p<0.05) cancer bearing animals
when compared with control group [. These altered xenobiotic
enzymes were brought back to near standard level in diosgenin
treated group IIl animals (p<0.05) comparable to that of group II
animals. No difference was noted in group IV drug control animals
when compared to group I control animals.

Ca2+ ATPase

Mg2+ ATPase

BGroupI OGroup I

B Group III OGroup IV

Fig. 5: Effect of diosgenin on ATPases in erythrocyte membrane of control and experimental animals

Na+K+ ATPase

pnmoles of inorganic phosphate liberated /mg
protein/min

Ca2+ATPase

Mg2+ ATPase

| EGroupI @ Group II

@ Group III @ Group IV |

Fig. 6: Effect of diosgenin on ATPases in liver of control and experimental animals

Each bar expressed as mean + SD for six animals in each group

a - Group I Vs Group II, [l and IV, b - Group II Vs Group III and IV, ¢ - Group III Vs Group IV

The significance at the level of p<0.05
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dehydrogenase dehydrogenase dehydrogenase

= Group I (Control) = Group II = Group III (NMU + Diosgenin) = Group IV
(NMU) (Diosgenin)

Fig. 7: Effect of diosgenin on the levels of TCA cycle enzymes in liver of control and experimental animals

Units: ICDH - n mol of a - ketoglutarate formed/mg protein/min; SDH - p mol of succinate oxidized/mg protein/min; MDH - p mol of NADH
oxidized/ mg protein/min; aKGDH - p mol of potassium ferrocynade liberated/mg protein/min.

Each bar expressed as mean + SD for six animals in each group
a - Group I Vs Group II, Il and IV, b - Group II Vs Group Il and IV, ¢ - Group III Vs Group IV

The significance at the level of p<0.05

70
60
= Group I (Control)
50
40 = Group II
(NMU)
30
= Group III (NMU +
20 Diosgenin)
10 = Group IV
(Diosgenin)
o
NADPH Cytochtrome ‘C’ reductase UDP Glucronyl transferase
= Group I (Control)
# Group II
(NMU)
o Group III (NMU +
Diosgenin)
B Group IV
(Diosgenin)

Cytochrome P450 Cytochrome b5 Glutathione - S -
Transferase

Fig. 8 and 9: Activities of phase I and phase II biotransformation enzymes in liver of control and experimental animals

Units: Cytochrome P450 - n moles/mg microsomal protein/min; Cytochrome bs - n moles/mg microsomal protein/min; NADPH Cytochtrome ‘C’
reductase - n moles/mg microsomal protein/min; Glutathione-S- Transferase - p mole of CDNB conjugated/mg microsomal protein/min; UDP
Glucronyl transferase - units/min/mg microsomal protein.

Each bar expressed as mean + SD for six animals in each group
a - Group I Vs Group II, [Il and IV, b - Group II Vs Group Il and IV, ¢ - Group III Vs Group IV

The significance at the level of p<0.05
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DISCUSSION

Breast cancer is the third most common malignancy affecting female
population, and approximately 19% of breast cancer mortality was
reported worldwide [56]. Glycoproteins are common components of
cell surfaces and are also commonly found as constituents of
lysosomes and among the products secreted/exposed by the cell
[57]. The cell surface glycoproteins have been shown to play
important roles in tumourogenesis [58]. Elevation of glycoprotein
contents are useful indicators of carcinogenic process and these
changes alter the rigidity of cell membranes [59]. Abnormal increase
in the levels of plasma glycoprotein components have been related
to the changes in hepatic cells during neoplastic transformation.
Sialic acids are widely distributed in nature as terminal sugars in
glycoproteins or glycolipids, impart a net negative charge to cell
surface and are reported to be important in cell-to-cell and cell-to-
matrix interactions [60]. It was previously demonstrated that
neoplastic transformation leads to elevated plasma sialic acid
concentration [61] through the shedding or secreting of sialic acid
from the tumor cell surfaces [62]. In the present study increased
levels of glycoproteins in plasma, liver and breast tissues of cancer
bearing animals were observed. The lower level of glycoproteins in
limonin-treated animals confirms the antimetastatic activity of the
drug. Since diosgenin has already been demonstrated to inhibit
tumor growth, the present evidence further supports the anticancer
property of diosgenin.

Carbohydrate metabolism plays a central task in cancerous
condition and it is one of the most common and profound in
malignant tissues, particularly those with the higher growth rates,
their capacity to utilize and catabolization of glucose at high rates.
The high glycolysis rate is important for rapid proliferating cancers,
not only as a major energy source but also to provide such cells with
precursors for nucleotide and lipid biosynthesis [63]. The early
changes of the carbohydrate metabolism are of particular interest,
since anomalies of glycolytic and gluconeogenic pathways are well
known from biochemical investigations of cancer conditions [64].
Hexokinase levels occupy an important place in determining the
glycolytic capacity of cancer cells [65]. It is a rate-limiting enzyme
which catalyses the conversion of glucose to glucose-6-phosphate in
the first step of the glycolytic pathway. Phosphoglucoisomerase
serves as a good index of cancer condition and which act as a
catalyst in the conversion of glucose-6-phosphate to fructose-6-
phosphate and it is an indicator of metastatic growth with elevated
levels in patients with neoplasms, especially after metastasis [66]. In
the present investigation, increased levels of
phosphoglucoisomerase were observed in breast cancer bearing
animals which may be due to the higher glycolytic rate in hepatic
tissues and further leakage from destruction of neoplastic tissues.
Glucose-6-phosphatase is a marker enzyme for liver microsomal
activity and it is greatly inhibited in cancer bearing animals.
Decreased activities of glucose-6-phosphatase and fructose-1-6-
diphosphatase in cancerous conditions [67]. In the present
investigation, a decrease in the level of glucose-6-phosphatase was
observed in cancer bearing animals. Therefore, the observed
reduction in activities of these enzymes in cancer bearing animals in
the present study may be due to the higher lactate production in
neoplastic tissues. It was suggested that the drugs could selectively
target the energistic metabolism of cancer cells are of great
remuneration to combat the disease [68]. In the present study,
treatment with diosgenin significantly altered the levels of these
enzymes to near normal, which may be due to inhibition of glycolytic
pathway and activation of gluconeogenesis. This cleary showed that
diosgenin may interrupt the energy requirement of neoplastic
tissues leading to the suppression of cancer progression.

Adenosine Triphosphatases (ATPases) are integral part of the
membrane structure regulating ion transport across cellular
membrane, cellular volume, osmotic pressure and membrane
permeability that are indispensable enzyme for providing metabolic
energy to the living processes [69]. ATPase are lipid dependent
membrane bound enzymes involved in active transport process and
are implicated in the pathogenesis of tissue injury [70]. Changes in
membrane lipid leads to change in membrane fluidity, which in turn
adjust the ATPase activities and cellular functions [71]. The Na*/K*
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ATPase have a transmembrane catalytic subunit which regulates the
solute concentration inside the cell thereby regulate the osmotic
pressure. The activities of Na*/K* ATPase are highly susceptible to
the lipid peroxidation, which often is generated in cancerous
condition [72]. ATPase activity was inhibited during lipid
peroxidation caused by intra and extra cellular generation of
activated oxygen and the inhibition of Ca2* ATPase is probably due
to LPO and oxidation of membrane [73]. It is reported that
alterations in the concentration of cytosolic Mg?* leads to a
significant change in cellular functions [74]. In the present
investigation, the Na*/K*, Ca?* and Mg?* ATPase were significantly
decreased in NMU induced group II cancer bearing animals.
Administration of diosgenin brought back these membrane bound
ATPases to standard level in group III animals which reflects that
diosgenin can maintain structural integrity probably by protecting
the membrane ATPase from the deleterious effect of lipid
peroxidation.

Mitochondria are the most important target of reactive oxygen
species (ROS) and it is essential cell organelle plays a significant role
in cell metabolism and hence it is the source of energy during
oxidative phosphorylation. Enhanced production of ROS and free
radicals in mitochondria resulting in mitochondrial DNA mutations
which indirectly impair glucose sensing by reducing intracellular
concentrations of ATP [75]. Most cancers probably start with an
interruption of the Krebs cycle that arrests aerobic metabolism and
force the cells to revert back to anaerobic metabolism. Mammary
carcinoma induced rats showed a significant reduction in the
activities of the Krebs cycle enzymes which proves the defect in the
aerobic oxidation of pyruvate that might cause the low production of
ATP molecules [76]. In the present investigation, the decreased
activities of mitochondrial TCA cycle enzymes were observed in
NMU induced breast cancer bearing animals may be due to the
mitochondrial damage caused by NMU induced oxidative stress.
Administration of diosgenin increased the activities of the
mitochondrial enzymes activitiy that render protection against NMU
induced breast cancer which inevitably suggested that diosgenin is
very efficient in maintaining the mitochondrial membrane integrity.
This could be due to the protective role of diosgenin by acting an
antioxidant and ROS-scavenging potential.

Biotransformation enzymes participate not only in the metabolism
of naturally occurring chemicals but also participate in metabolism
of various artificial chemicals and drug. The metabolism of
xenobiotics are performed by the biotransformation enzymes such
as Phase I and Phase Il enzymes which perform an important
function by converting biologically inactive compound into active or
toxic metabolites [77]. Phase I enzyme catalyzes functional group of
xenobiotic into hydrophilic substrate. Phase II enzymes make the
molecule less reactive by conjugation of the functional group with
glutathione, sulphate or glucuronic acids. These reactions generally
make the substrate into water soluble and the conjugated
endogenous compound further facilitates the excretion of the
product. Induction of Phase Il enzymes is an important mechanism
of chemoprevention [78]. It was reported that Cyto Paso levels were
increased in liver tissues of NMU induced breast cancer bearing
animals [79]. In the present study, increased level of Cyto Paso,
NADPH-cytochrome reductase and Cyto bs reductase was observed
in NMU induced mammary cancer bearing animals may be due to
the utilization of this enzyme to excrete the NMU metabolites.

Glutathione -S- transferases (GST) are inducible enzymes important
in the detoxication of many different xenobiotics in mammals. The
GST achieve detoxication by catalyzing the conjugation of reduced
glutathione to various electrophilic substrates [80] serves as a
marker for hepatotoxicity in rodent system, and also plays an
important role in carcinogen detoxification [81]. Consequently,
inhibition of GST activity and depletion of GSH levels might
potentiate the deleterious effects of many environmental toxicants
and carcinogens. GSTs are also engaged in the intracellular transport
of variety of hormones, endogenous metabolites, and drugs, by
virtue of their capacity to bind these substances [82]. The decreased
activity of GST in group II cancer bearing animals may be due to the
excessive utilization of this enzyme in conjugation process and also
may be due to the enhancement of the covalent binding of NMU
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metabolites to cellular DNA and results in an increase in the degree
of cell damage leading to neoplastic growth. UDPGT catalyze the
transfer of UDPGA to a wide variety of acceptor substrate to form O-,
N-, S- and C-glucronides and the majority being O-glucronides [83].
In the present study, decreased level of UDPGT was observed in liver
of cancer bearing animals may be due to the peroxidative damage to
the microsomal lipids in cancer conditions [84]. There was a
concomitant decrease in breast cancer bearing animals in the levels
of phase II enzymes. Diosgenin treated animals, due to its
anticarcinogenic activity it has been shown to prevent NMU induced
cancer presumably by the regulating Phase I and Phase II
metabolizing enzymes and through its strong antioxidant activity.

CONCLUSION

The diosgenin notably ameliorates the changes on glycoproteins,
carbohydrate metabolizing enzymes, ATPases, mitochondrial TCA
cycle enzymes and xenobiotic enzymes in drug treated cancer
bearing animals. Results of our present research, we put forward
that steroidal sapogenin diosgenin show evidence of its
antitumorogenic potential through standardizing the status of
various biochemical enzymes in NMU induced breast cancer in
Sprague Dawley rats.

REFERENCES

1. Jemal A, Bray F, Center MM, Ferlay ], Ward E, Forman D. Global
cancer statistics. CA: a cancer journal for clinicians 2011; 61(2):
69-90.

2. Qing E Tian, Huan De Li, Miao Yan, Hua-Lin Cai, Qin-You Tan, Wen-
Yuan Zhang. Astragalus polysaccharides on P-glycoprotein efflux
pump function and protein expression in H22 hepatoma cells in
vitro. World ] Gastroenterol 2012; 18(47): 7079-7086.

3. Sariego ]. Breast cancer in the young patient. The American
surgeon 2010; 76(12): 1397-1401.

4.  Krishnan P,Yan K], Windler D, Tubbs ], Grand R,Li BD, Aldaz
CM, McLarty J, Kleiner-Hancock HE. Citrusauraptene suppresses
cyclin D1 and significantly delays N-methyl nitrosourea induced
mammary carcinogenesis in female Sprague Dawley rats. BMC
Cancer 2009; 9(259): 1-12.

5. Weiss RH, Marshall D, Howard L, Corbacho AM, Cheung AT, Sawai
ET. Suppression of breast cancer growth and angiogenesis by an
antisense oligodeoxynucleotide to p21. Cancer Lett 2003; 189(1):
39-48.

6. Ferlay ], Autier P, Boniol M, Heanue M, Colombet M, Boyle P.
Estimates of the cancer incidence and mortality in Europe in 2006.
Ann Oncol 2007; 18(3): 581-592.

7. Florescu A, Amir E, Bouganim N, Clemons M. Immune therapy for
breast cancer in 2010 -hype or hope? Current Oncology 2011;
18(1): 9-18.

8.  Vargo-Gogola T, Rosen JM. Modelling breast cancer: one size does
not fit all. Nature Reviews 2007; 7(9): 659-672.

9.  McPherson K, Steel CM, Dixon JM. Breast cancer epidemiology, risk
factors, and genetics. Br Med ] 2000; 321: 624-628.

10. Carter RF. BRCA1, BRCA2 and breast cancer: a concise clinical
review. Clin Invest Med 2001; 24(3): 147-157.

11. Nandakumar N, Haribabu L , Perumal S, Balasubramanian MP.
Therapeutic  effect of hesperidin with reference to
biotransformation, lysosomal and mitochondrial TCA cycle
enzymes against 7,12-dimethylbenz(a)anthracene-induced
experimental mammary cellular carcinoma. Biomedicine & Aging
Pathology 2011; 1: 158-168.

12. Gullino PM, Pettigrew HM, Grantham FH. N-nitrosomethylurea as
mammary gland carcinogen in rats. ] Natl Cancer Inst 1975; 54(2):
401-414.

13. Russo ], Gusterson BA, Rogers AE, Russo IH, Wellings SR, van
Zwieten M]. Comparative study of human and rat mammary
tumorigenesis. Lab Invest 1990; 62: 244-278.

14. Martin G, Davio C, Rivera E, Melito G, Cricco G, Andrade N, Caro D,
Bergoc R. Hormone dependence of mammary tumors induced in
rats by intraperitoneal NMU injection. Cancer Invest 1997; 15: 8-
17.

15. Nandi S, Guzman RC, Yang ]. Hormones and mammary
carcinogenesis in mice, rats and humans: A unifying hypothesis.
Proc Natl Acad Sci USA 1995; 92: 3650-3657.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Int ] Pharm Pharm Sci, Vol 5, Issue 4, 575-582

Duss S, André S, Nicoulaz AL, Fiche M, Bonnefoi H, Brisken C, Iggo
RD. An oestrogen-dependent model of breast cancer created by
transformation of normal human mammary epithelial cells. Breast
Cancer Res 2007; 9(3): 1-15.

Vijayaprakash S, Langeswaran K, Jagadeesan A], Rveathy R,
Balasubramanian MP. Protective efficacy of Terminalia catappa L.
Leaves against lead induced nephrotoxicity in experimental rats.
Int ] Pharm Pharm Sci 2012; 4(Suppl 3): 454-458.

Wattenberg LW. Chemoprevention of cancer by naturally
occurring and synthetic compounds. In: Wattenberg LW, Lipkin M,
Boone CW, Kellof GJ, editors. Cancer chemoprevention. Boca Raton:
CRC Press; 1985. p.19-39.

Huang MT,Wood AW, Newmark HL,Sayer ]M,Yagi H,Jerina
DM, Conney AH. Inhibition of the mutagenicity of bay-region diol-
epoxides of polycyclic aromatic hydrocarbons by phenolic plant
flavonoids. Carcinogenesis 1983; 4(12): 1631-1637.

Kwon KH, Barve A, Yu S, Huang MT, Kong ANT. Cancer
chemoprevention by phytochemicals: potential molecular targets,
biomarkers and animal models. Acta Pharmacol Sin 2007; 28(9):
1409-1421.

Attele AS, Wu JA, Yuan CS. Ginseng pharmacology: multiple
constituents and multiple actions. Biochem Pharmacol 1999;
58(11): 1685-93.

Liu MJ, Wang Z, Ju Y, Wong RN, Wu QY. Diosgenin induces cell cycle
arrest and apoptosis in human leukemia K562 cells with the
disruption of Ca2* homeostasis. Cancer Chemother
Pharmacol 2005; 55(1): 79-90.

Cayen MN, Dvornik D. Effect of diosgenin on lipid metabolism in
rats. ] Lipid Res 1979; 20(2): 162-74.

Ikeda T, Ando ], Miyazono A, Zhu XH, Tsumagari H, Nohara T,
Yokomizo K, Uyeda M. Anti-herpes virus activity of Solanum
steroidal glycosides. Biol Pharm Bull 2000; 23(3): 363-4.

Hufford CD, Liu SC, Clark AM. Antifungal activity of Trillium
grandiflorum constituents. ] Nat Prod 1988; 51(1): 94-98.

Ribes G, Sauvaire Y, Da Costa C, Baccou JC. Antidiabetic effects of
subfractions from fenugreek seeds indiabetic dogs. Proc Soc Exp
Biol Med 1986; 182: 159-166.

Raju J, Patlolla JM, Swamy MV, Rao CV. Diosgenin, a steroid saponin
of Trigonella foenum graecum (Fenugreek), inhibits
azoxymethane-induced aberrant crypt foci formation in F344 rats
and in duces apoptosis in HT-29 human colon cancer cells. Cancer
Epidemiol Biomar Prev 2004; 13: 1392-1398.

Roman ID, Thewles A, Coleman R. Fractionation of livers following
diosgenin treatment to elevate biliary cholesterol. Biochim Biophys
Acta 1995; 1255: 77-81.

Wang SL, Cai B, Cui CB, Liu HW, Wu CF, Yao XS. Diosgenin-3-
Oalpha- L-rhamnopyranosyl-(14)-beta-D-glucopyranoside
obtained as a new anticancer agent from Dioscorea futschauensis
induces apoptosis on human colon carcinoma HCT-15 cells via
mitochondria-controlled apoptotic pathway. ] Asian Nat Prod Res
2004; 6: 115-125.

Corbiere C, Liagre B, Bianchi A, Bordji K, Dauca M, Netter P,
Beneytout JL. Different contribution of apoptosis to the
antiproliferative effects of diosgenin and other plant steroids,
hecogenin and tigogenin, on human 1547 osteosarcoma cells. Int ]
Oncol 2003; 22: 899-905.

Liu MJ, Wang Z, Ju Y, Wong RN, Wu QY. Diosgenin induces cell cycle
arrest and apoptosis in human leukemia K562 cells with the
disruption of Ca?* homeostasis. Cancer Chemother Pharmacol
2005; 55: 79-90.

Niebes P. Determination of enzymes and degradation products of
glycosamino glycan metabolism in the serum of healthy and
various subjects. Clin Chem Acta 1972; 42: 399-408.

Wagner WD. A more sensitive assay discriminating galactosamine
and glucosamine in mixtures. Anal Biochem 1979; 94: 394-396.
Warren J. The thiobarbituric acid assay of sialic acid. ] Biol Chem
1959; 234: 1971-1975.

Brandstrup N, Kirk JE, Bruni C. The hexokinase and
phosphoglucoisomerase activities of aortic and pulmonary artery
tissue in individuals of various ages. ] Gerentol 1957; 12: 166-171.
Horrocks JE, Ward J, King J. A routine method for the determination
of phosphoglucose isomerase activity in body fluid. ] Clin Pahtol
1963; 16: 248-251.

581


http://en.wikipedia.org/wiki/Steroid
http://en.wikipedia.org/wiki/Sapogenin
http://www.ncbi.nlm.nih.gov/pubmed?term=Krishnan%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=Yan%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=Windler%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=Tubbs%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=Grand%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=Aldaz%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=Aldaz%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=Aldaz%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=McLarty%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pubmed?term=Kleiner-Hancock%20HE%5BAuthor%5D&cauthor=true&cauthor_uid=19640308
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3031364/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3031364/
http://www.ncbi.nlm.nih.gov/pubmed?term=Duss%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17573968
http://www.ncbi.nlm.nih.gov/pubmed?term=Andr%C3%A9%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17573968
http://www.ncbi.nlm.nih.gov/pubmed?term=Nicoulaz%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=17573968
http://www.ncbi.nlm.nih.gov/pubmed?term=Fiche%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17573968
http://www.ncbi.nlm.nih.gov/pubmed?term=Bonnefoi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17573968
http://www.ncbi.nlm.nih.gov/pubmed?term=Brisken%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17573968
http://www.ncbi.nlm.nih.gov/pubmed?term=Iggo%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=17573968
http://www.ncbi.nlm.nih.gov/pubmed?term=Iggo%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=17573968
http://www.ncbi.nlm.nih.gov/pubmed?term=Iggo%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=17573968
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=6360409
http://www.ncbi.nlm.nih.gov/pubmed?term=Wood%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=6360409
http://www.ncbi.nlm.nih.gov/pubmed?term=Newmark%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=6360409
http://www.ncbi.nlm.nih.gov/pubmed?term=Sayer%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=6360409
http://www.ncbi.nlm.nih.gov/pubmed?term=Yagi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=6360409
http://www.ncbi.nlm.nih.gov/pubmed?term=Jerina%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=6360409
http://www.ncbi.nlm.nih.gov/pubmed?term=Jerina%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=6360409
http://www.ncbi.nlm.nih.gov/pubmed?term=Jerina%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=6360409
http://www.ncbi.nlm.nih.gov/pubmed?term=Conney%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=6360409
http://www.ncbi.nlm.nih.gov/pubmed/?term=Attele+AS%2C+Wu+JA%2C+Yuan+CS.+Ginseng+pharmacology%3A+multiple+constituents+and+multiple+actions.+Biochem+Pharmacol+1999%3B+58%3A+1685.
http://www.jlr.org/cgi/content/abstract/20/2/162
http://www.jlr.org/cgi/content/abstract/20/2/162

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Langerswaran et al.

King J. The phosphohydrolysases-acid and alkaline phosphatases,
In: Practical Clinical Enzymology, (Eds.) Van Nostrand Co Ltd,
London; 1965b. p.191-208.

Gancedo M, Gancedo C. Fructose-1,6-diphosphatase,
phosphofructokinase and glucose-6-phosphate dehydrogenase.
Proc Soc Expl Biol Med 1971; 106: 607-609.

Fiske CH, Subbarow Y. The colorimetric determination of
phosphorus. ] Biol Chem 1925; 66: 375-400.

Dodge JT, Mitchell C, Hanahan DJ. The preparation and chemical
characteristics of hemoglobin - free ghosts of human erythrocytes.
Arch Biochem Biophys 1963; 100: 199-130.

Quist EE. Regulation of erythrocyte membrane shape by calcium
ion. Biochem Biophys Res Commun 1980; 92: 631-637.

Bonting SL. Sodium-potassium activated adenosine triphosphatase
and cation transport. In: Membranes and lon Transport, (eds.)
Bittar EE, Wiley-Interscience, London; 1970. p.257-363.

Hjerten S, Pan H. Purification and characterization of two forms of a
low-affinity Ca?*-ATPase from erythrocyte membranes. Biochem
Biophys Acta 1983; 728: 281-288.

Ohnishi T, Suzuki T, Suzuki Y, Ozawa K. A comparative study of
plasma membrane Mg?*-ATPase activities in normal, regenerating
and malignant cells. Biochem Biophys Acta 1962; 684: 67-74.

King J. The phosphohydrolysases-acid and alkaline phosphatases,
In: Practical Clinical Enzymology, (Eds.) Van Nostrand Co Ltd,
London; 1: 1965b.p.191-208.

Slater EC, Borner WD. The effect of fluoride on the succine oxidase
system. Biochem ] 1952; 52: 185-196.

Mehler AH, Kornberg A, Grisolia S, Ochoa S. The enzymatic
mechanism of oxidation-reductions between malate or isocitrate
and pyruvate. ] Biol Chem 1948; 174: 961-977.

Reed L], Mukherjee BB. a-ketoglutarate dehydrogenase complex
from Escherichia coli. In : Methods is Enzymology, Lowenstein JM.
(ed.) Academic Press, New York; 13: 1969. p.55-61.

Boyd MR, Burka LT. In vivo studies on the relationship between
target organ alkylation and the pulmonary toxicity of a chemically
reactive metabolite of 4-ipomeanol. ] Pharmacol Exp Ther 1978;
207: 687-697.

Kamath SA, Narayanan KA. Interaction of Ca%* with endoplasmic
reticulum of rat liver. A standardized procedure for the isolation of
rat liver microsomes. Anal Biochem 1972; 48: 53-61.

Omura T, Sato R. The carbon monoxide binding pigment of liver
microsomes. ] Biol Chem 1964; 239: 2370-2378.

Philips AH, Langdon RG. Hepatic triphosphopyridine nucleotide-
cytochrome c reductase: isolation, characterization and kinetic
studies. ] Biol Chem 1962; 237: 2652-2660.

Habig WH, Pabste M], Jakboy WB. Glutathione-s-transferase: the
firest enzymatic step in mercapturic acid formation. ] Biol Chem
1974; 249: 7130-7139.

Isselbacher K], Dienstag JL. Carcinomas of the liver. In: Fauci AS,
Braunwald E, Isselbacher K], et al, eds. Harrison’s Principles of
Internal Medicine. 14th ed. New York, McGraw-Hill; 1998. p.579-80
Hollman S, Touster O. Alterations in tissue levels of Urdine
diphosphate-glucose  dehydrogenase, Uridine diphosphate-
glucuronic acid pyrophosphatase and glucuronyl transferase
induced by substances influencing the production of ascorbic acid.
Biochem Biophys Acta 1962; 62: 338-352.

Jensen ON, Estene ], Moller H. Renardcarin the European
community and members state. Eur ] Cancer 1990; 26: 1167-1256.
Bolt HM, Filser ]G. Irreversible binding of chlorinated ethylenels to
macromolecules. Environ Health Perspect 1977; 21: 107-112.
Hughes RC. Membrane glycoproteins. Butterworth, London,
1976.p: 114-134, 152-170.

Selvam S, Nagini S. Administration of the plasticizer
di(englhexyl)phthalate alters glycoconjugate profile. Ind ] Physiol
Pharmocol 1995; 39: 252-254.

Schauer R. Sialic acids and their role as biological masks. Trends
Biochem Sci 1985; 10: 357-360.

Wongkham S, Bhudhisawadi V, Chau-in S, Boonla C, Muisuk K,
Kongkham S, Wongkham C. Clinical significance of serum total
sialic acid in cholangiocarcinoma. Clin Chim Acta 2003; 327(1-2):
139-147.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Int ] Pharm Pharm Sci, Vol 5, Issue 4, 575-582

Singhal A, Hakomori S. Molecular changes in carbohydrate antigens
associated with cancer. Bioassays 1990; 12: 223-230.

Eigenbrodt E, Glossmann H. Glycolysis one of the keys to cancer?
Trends Pharmacol Sci 1980; 1: 240-245.

Bannasch P, Mayer D, Hacker HJ. Hepatocellular glycogenesis and
hepatocarcinogenesis. Biochim Biophys Acta 1980; 605: 217-245.
Parry DM, Pedersen PL. Intracellular localization and properties of
particulate hexokinase in the Novikoff ascites tumour. Evidence for
an outer mitochondrial membrane location. ] Biol Chem 1983; 258:
10904-10912.

Campbell DM, King E]J. Serum phosphatases and glycolytic enzymes
in cancer of the breast. Biochem ] 1962; 82: 23-28.

Schamhart DHJ, Van De Poll K, van Wick R. Comparative studies of
glucose metabolism in HTC, RLC, MH1C1 and Reuber H35 rat
hepatoma cells. Cancer Res 1979; 39: 1051-1055.

Ortega AD, Arago MS, Sanchez DG, Cenizo LS, Willers I, Cuezva JM.
Glucose avidity of carcinomas. Cancer Lett 2009; 276:125-135.

Bioj B, Moreto RD, Fairs RN. Membrane lipid fatty acid and
regulation of membrane bound enzymes. Biochem Biophys Acta
1973; 311: 67.

Stekhoren MA, Bonting SL. Transport ATPases: Properties and
functions. Physiol Rev 1981; 61: 1-76.

Ohta Y, Kongo-Nishimura M, Hayashi T, Kishikawa T. Effect or
Oren-gedoku-To (Huanglian-Jie-Du-Tang) extract on disruption of
hepatic antioxidant defense system in rats treated with D-
galactosamine. ] Ethanopharmacol 2002; 94: 323-329.

Selvendiran K, Sakthisekaran D. Chemopreventive effect of
piperine on modulating lipid peroxidation and membrane bound
enzymes in benzo(a)pyrene induced lung carcinogenesis. Biomed
Pharmacother 2004; 58: 264-277.

Hebbel RP, Shalev O, Foker W, Rank BH. Inhibition of erythrocyte
Caz-ATPase by activated oxygen through thiol and lipid dependent
mechanisms. Biochem Biophys Acta 1986; 862: 8-16.

Rauchova H, Ledvinkova ], Kalous M, Drahots Z. The effects of lipif
peroxidation on the activity of various membrance bound ATPase
in rat kidney. Int ] Biochem Cell Biol 1995; 27: 251-255.

Padma P, Setty OH. Effect of administration of galactosamine
hydrochloride on rat liver mitochondria. Ind ] Biochem Biophy
1997; 34(3): 296-301.

Perumal S, Shanthi P, Sachdanandam P. Energy-modulating
vitamins - a new combinatorial therapy prevents cancer cachexia
in rat mammary carcinoma. British Journal of Nutrition 2005; 93:
901-909.

Mukherjee S, Koner BC, Ray S, Ray A. Environmental contaminants
in pathogenesis of breast cancer. Ind ] Exp Biol 2006; 44: 597-617.
Gowtham kumar S, Langeswaran K, Revathy R, Ramakrishnan V.
Ethanolic extract of Carum carvi (EECC) prevents N-
Nitrosodiethylamine induced phenobarbital promoted
hepatocarcinogenesis by modulating antioxidant enzymes. Int ]
Pharm Pharm Sci 2013; 4(Suppl 1): 195-199.

Mathivadhani P, Shanthi P, Sachdanandam P. Effect of
Semecarpus anacardium Linn. nut extract on mammary and
hepatic expression of xenobiotic enzymes in DMBA-induced
mammary carcinoma. Environ Toxicol Pharmacol 2007; 23:
328-34.

King RS, Teitel CH, Shaddock ]G, Casciano DA, Kadlubar FF.
Detoxification of carcinogenic aromatic and heterocyclic amines by
enzymatic reduction of the N-hydroxy derivative. Cancer Lett 1999;
143(2): 167-71.

Sato K. Glutathione s-transferase as markers of preneoplasia and
neoplalsia. Adv Cancer Res 1989; 52: 205-255.

Oakley A. Glutathione transferases: a structural perspective. Drug
Metab Rev 2011; 43(2): 138-51.

Mulder GJ, Coughty MWH, Burchell B. Glucuronidation. In:
Mulder GJ, editor. Conjugation reactions in drug metabolism;
an intergrated approach. London, Taylor and Francis, 1990.
p.51-105.

Letelier ME, Pimentel A, Pino P,Lepe AM, Fatiindez M, Aracena
P, Speisky H. Microsomal UDP-glucuronyltransferase in rat liver:
oxidative activation. Basic Clin Pharmacol Toxicol 2005; 96(6):
480-6.

582


http://www.ncbi.nlm.nih.gov/pubmed?term=Letelier%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15910413
http://www.ncbi.nlm.nih.gov/pubmed?term=Pimentel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15910413
http://www.ncbi.nlm.nih.gov/pubmed?term=Pino%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15910413
http://www.ncbi.nlm.nih.gov/pubmed?term=Lepe%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=15910413
http://www.ncbi.nlm.nih.gov/pubmed?term=Fa%C3%BAndez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15910413
http://www.ncbi.nlm.nih.gov/pubmed?term=Aracena%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15910413
http://www.ncbi.nlm.nih.gov/pubmed?term=Aracena%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15910413
http://www.ncbi.nlm.nih.gov/pubmed?term=Aracena%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15910413
http://www.ncbi.nlm.nih.gov/pubmed?term=Speisky%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15910413

