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ABSTRACT

Recently we have evaluated the anticancer effichtlyymoquinone in DMBA induced breast cancerhigresent
study an attempt has been made to evaluate thelatodueffect of thymoquinone on the levels ofltptatein,
carbohydrate metabolizing enzymes, status of ghpteim components, lysosomal enzymes in  expetangroups
of rats. A single dose of DMBA (20 mg/kg/rat) d@itlin olive oil was given orally to induce breaahcer. After 13
weeks of experimentation all animals were sacrifiCEhe rats were orally administered with 25 mddkgly weight
of thymoquinone. The levels of total protein watemeined. The serum and tissue levels of glycopretdipid
profile, lysosomal enzymes and carbohydrate meidhgl enzymes were assayed. Upon treatment with
thymoquinone, the levels of the above enzymes sigmdicantly normalized. The reduced level oftpio was
improved upon treatment with thymoquinone. Treatnweith thymoquinone altered the levels of glycopirmot
components and modulated the activities of lysosaenaymes indicating the cytostabilising proper@ral
treatment with thymoquinone altered the activitésarbohydrate metabolizing enzymes. Also, theredt status of
lipid profile in plasma and liver tissues were nalimed in thymoquinone treated rats indicating theneficial
effect of thymoquinone in maintaining glucose apid Ihomeostasis.

INTRODUCTION

Non-communicable diseases including cancer aréngaias a chief public health problems. These desase
lifestyle related, have a long latent period, areds specialized infrastructure and human resdorceeatment.
Interest in cancer research has grown rapidly duttie past century as infectious diseases havedsitrgly been
controlled as the result of improved sanitationcciaation and antibiotics. Cancer is a group ofedses
characterized by the uncontrolled growth and spfaabnormal cells. According to recent statisticancer is the
second most common cause of death after heartsgis@anong various cancers, Breast cancer is a rhajlth
problem in women in both developing and developaahtries. One in 10 of all new cancers diagnoseddmide
each year is a cancer of the female breast. Alsotlie principal cause of death from cancer ameogen globally
[1]. Breast cancer development and metastasis lsubistep process, a result of the dysfunction e¥esal
regulatory features that keep the cells in chedhkoufh many drugs of cancer, none is found to bal it
sidefffects. Hence, phytotherapy continues to @lagrominent role in the treatment of cancer. ®larsed for
phytotherapy should have potential to increase initpureduce the pain and other indirect effecishsas nausea,
vomiting, fatigue and infections induced by cancer.
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Nigella sativaL., commonly known as black seed, belongs to thi&arical family Ranunculaceae. Most of the
biological properties of the black seeds have keténibuted mainly to the quinone constituents ofddtiva, of
which thymoquinone is the main active ingredient the volatile oil isolated from the black seeds. [2]
Thymoquinone (TQ) is the primary active constituefiigella sativaseeds which has been reported for wide array
of biological activities such as anti-inflammatpantioxidant, and anti-neoplastic effects bothitno and in vivo
[3-4]. Recently we have reported the anticancerlaead protective role of thymoquinone in DMBA inded breast
cancer rats [5-6]. In the present study an attdmptbeen made to evaluate the modulatory effetttypfioquinone

on the levels of biochemical indices, tumour markezymes, carbohydrate metabolizing enzymes, staftus
glycoprotein components, lysosomal enzymes in cbatrd experimental groups of rats

MATERIALSAND METHODS

Healthy female Sprague dawley wistar rats, at tfee group of 45-48 days were used for present figaton. Rats
were housed spaciously in individual cages and tai@mied under standard experimental conditions: egatpre 25
+ 1°C, relative humidity 60 £ 5% and 12 + 1h (liglark cycle) in Dr. ALMPGIBMS, University of Madras
Taramani campus, Chennai-600113. The animals veerevith commercially available balanced pellet dfanrut
laboratory Animal Feed, Bangalore, India) and waitibitum. The animals were acclimatized for eveek prior
to the initiation of experiments. The experimerdakign was performed in accordance with the curegmical
norms approved by the Ministry of Social Justicd &mpowerment, Government of India and Institutiok@mal
Ethics Committee Guidelines (IAEC.N0:01/02/2013).

Induction of breast cancer
A single dose of DMBA (20 mg/kg/rat) diluted indi oil was given orally. Animals were monitored ipdically.
After 13 weeks of experimentation all animals weaerificed.

Experimental Design

The rats were divided into four groups each conmggisf six rats as detailed below:
e Group I: Control rats

e Group Il: DMBA induced rats.

» Group lll: DMBA+TQ (25mg/kg bw)

e Group IV: TQ alone

All animals were fasted overnight and sacrificedsbgium pentothal anesthesia followed by cervieaagitation.
Blood was collected with and without anticoagulant the serum was centrifuged at 5000 rpm for Ibtmbbtain
a clear supernatant and stored at -70°C untilsésfar further biochemical analysis. Breast tisfu@® control and
experimental groups of rats were immediately extiseashed in ice-cold PBS to remove the blood stdifotted,
weighed and homogenized in Tris-HCL buffer (0.1NH Bp.4) using a Teflon homogenizer to prepare 10%)(w
tissue homogenate. This homogenate was centrifagd@,000g for 30 min at 4°C to obtain a clear so@@nt.
This supernatant was pooled and used for furthalysis.

Total Protein was estimated according to the mettfodowry et al.[7], The levels of glycoprotein reponents
namely hexose, hexosamine and sialic acid in platisea and mammary gland were estimated by thehoteDf
Niebes (1972), Wagner (1979), and Warren (1959)JBrespectively.

The lysosomal enzymes such as Acid Phosphatagfucuronidase andg-galactosidase, Cathepsin D and
Cathepsin B were determined [11-14]. Carbohydnagtabolizing enzymes such Hexokinase, Phosphogluco
isomerase, Aldolase and Glucose-6-phosphataseassaged [15-18].

The lipids were extracted from liver tissues by thethod of Folch et al. (1957) [19]. Cholesterohtemt,
triglycerides, and free fatty acids in plasma dmdrl tissues were estimated[20-22] . Phospholgaidcentration
was estimated by the method of Bartlett (1959) [@8digestion with perchloric acid and the phospHaterated
was estimated by the method of Fiske and Subbat8®256) [24].
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Statistical analysis

Statistical analysis was performed using SPSS {8HES, Inc., Chicago) statistical package. Thelteswere
expressed as mean + S.E.M One-way ANOVA followegbst hoc test LSD was used to correlate the diffes
between the variables. Values were consideredttatly significant if *p<0.001; @p<0.05; #p<0.01.

RESULTS

Effect of thymoquinone on the levels of total proteins

Figure 1 the levels of total proteins in serum ofittcol and experimental groups of rats. The levebtal protein
was found to be decreased in DMBA induced rats.nJipeatment with Thymoquinone, the levels were tbtmbe
increased. Protein synthesis is an important phenom in normal as well as in cancerous conditidele®al
muscle which embodies the major protein mass afrganism is greatly affected in cancer cachexiatefr waste
implies the underlying metabolic nitrogen imbalanekich is being expressed by an elevation in theasmt
protein catabolism rate with no changes in appamihesis and thus, the host responds to theasedetumor lead
by increased tissue protein breakdown [25]. Upeattnent with thymoquinone to DMBA induced rats pree the
protein degradation rate and increases the todégipr content by modulating protein biosynthesis.

Figure 1 :The levels of protein in control and experimental groups of rats
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Values are given as mean * S.D for groups of six rats in each. Statistical significance was compared
within the group as follows: a-compared with control rats

b- compared with DMBA induced rats

*p<0.001; ©p<0.05; #p<0.01; NS-Not significant

Effect of thymoquinone on the activities of lysosomal marker enzymes

Figure 2-5 depicts the activities of lysosomal eneg in serum, mammary, hepatic and renal tissueerdfol and
experimental groups of rats. The activities of s@mal enzymes were significantly deprived in senfnDMBA

induced rats whereas in tissues their levels weceeased when compared to control rats. On theramgntthe
lysosomal enzyme levels were significantly brouggwwards normal in thymoquinone treated rats. Thess no
significant alterations observed in thymoquinoranaltreated rats.
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Figure 2: Effect of Thymoquinone on the activities of lysosomal marker enzymes in serum of
control and experimental animals
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Values are given as mean + S.D for groups of six rats in each. Statistical significance was compared within the group as

follows: a-compared with control rats
b- compared with DMBA induced rats
*p<0.001; @p<0.05; #p<0.01; NS-Not significant

Lysosomes are a group of cytoplasmic organellesgoten numerous animal tissues, characterizethdiy tontent
of acid hydrolases. These enzymes are implicatetistue remodeling, which occurs during the physjmal
involution of the uterus, prostate gland, and treemmary gland [26, 27]. Lysosomes contain digestineymes
capable of degrading all macromolecules such ateipsy nucleic acids, lipids and carbohydrates.s€henzymes
can trigger apoptosis in human breast carcinoma aglwell as in rat mammary gland cells.
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Figure 3: Effect of Thymoquinone on the activities of lysosomal marker enzymes in mammary tissues
of control and experimental animals
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Values are given as mean  S.D for groups of six rats in each. Statistical significance was compared within the group as follows: a-compared
with control rats
b- compared with DMBA induced rats *p=0.001; @p<0.05; #p<0.01; NS-Not significant

B- glucuronidase is shown to be a sensitive markdysmsomal integrity. The levels of glycan moistiand the
activities of glycosidases can be used as diagnaostirkers to assess the stage of cancer and casdueas

prognostic markers during therapy. During the camomditionsp-D-glucuronidase an@- D-galactosidase were

observed in breast cancer patients [28].

Figure 4: Effect of Thymoquinone on the activities of lysosomal marker enzymes in hepatic
tissues of control and experimental animals
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Cathepsin D and Cathepsin B is an aspartic endegsetwhich is ubiquitously expressed in lysosorfiedl issues
and catalytically active at acidic pH values thatwaccording to substrates, but is mostly foundnhtracellular
vesicles, lysosomes, phagosomes and late endos@at®epsin D and B plays a major role in the digasof
extracellular matrix (ECM) components and is imaled in tumor invasion and metastasis. It playscgeplytic
role in the digestion of the ECM components angka crucial role in tumour metastasis. In mosasréumours
and it is over expressed from 2-50 fold comparedtsaoncentration in other cell types such asofitaists or
normal mammary glands [29]. In the present invesithg, increased level of cathepsin-D and B waeokesl in the
DMBA-induced rats. Recuperation of lysosomal enzymeon thymoquinone treatment to DMBA induced rats
may be due to the membrane stabilizing propertthgioquinone on lysosomal membranes, which protihes
rapid leakage of enzymes and obstruct the risedrehzymatic activity.

FigureS: Effect of Thymoquinone on the activities of lysosomal marker enzymes in renal tissues
of control and experimental animals
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Values are given as mean + S.D for groups of six rats in each. Statistical significance was compared within the group as follows: a-compared
with control rats

b- compared with DMBA induced rats *p<0.001; ©p<0.05; #p<0.01; NS-Not significant

CATB

Effect of thymoquinone on the activities of glycolytic and gluconeogenic enzymes

The effect of thymoquinone on the activities oftedrydrate metabolizing enzymes in the mammary géarttliver
of control and experimental animals are presentedigures 6 and 7 respectively. The levels of Hémage,
Phosphogluco-isomerase and Aldolase in mammaryliged tissues of DMBA induced rats were found ® b
elevated significantly whereas the Glucose-6-phatgse was found to be decreased when compared @ottitrol
and Thymoquinone control . On the other hand, tleezgme levels were significantly brought back ¢éamnormal
levels in Thymoquinone treated rats when compasddMIBA induced rats. Whereas, no significant changere
observed in Thymoquinone alone treated rats whempeced to control rats.
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Figure 6: Effect of thymoquinone on activities of glycolytic and gluconeogenic enzymes in the mammary
tissue of control and experimental animals.
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is expressed as nmoles of fructose liberated/min/mg protein. Aldolase is expressed as nmoles of glyceraldehyde
liberated/min/mg protein. Glucose-6- phosphatase is expressed as nmoles of Pi liberated/min/mg protein. Values are
given as mean * S.D for groups of six rats in each. Statistical significance was compared within the group as follows:
a-compared with control rats

b- compared with DMBA induced rats *p<0.001; @p<0.05; #p<0.01; NS-Not significant

Figure7: Effect of thymoquinone on activities of glycolytic and gluconeogenic enzymes in the
hepatic tissue of control and experimental animals.
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given as mean * S.D for groups of six rats in each. Statistical significance was compared within the group as follows:
a-compared with control rats

b- compared with DMBA induced rats *p<0.001; @p<0.05; #p<0.01; NS-Not significant

Hexokinase levels occupy an important place inrdateng the glycolytic capacity of cancer cells [3Bexokinase
is an isoenzyme that catalyzes the phosphorylatiajiucose to glucose-6-phosphate and plays aglivote in the
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maintenance of glucose homeostasis [31]. In tleegmt study, a significant increase in the actiefthexokinase
was observed in DMBA induced rats. This may be wuthe fact that tumors catabolise large amourgloose
because glucose is the preferred substrate for ofitise rapidly growing cancer cells.

Phosphoglucoisomerase (PGI) catalyzes the conveddiglucose-6-phosphate to fructose-6- phosphEd.is an
indicator of metastatic growth and is elevated atignts with neoplasm, especially after metastésithe present
investigation, the increased levels of phosphoghmnerase was found in DMBA induced rats, which rhaeydue
to the higher glycolytic rate in tissues and furtleakage from the destruction of neoplastic tissuéldolase is also
found to be elevated in the tumor bearing anim@ibley and Fleisher (1954) have reported that dievity of
aldolase was elevated in the breast cancer condB@j.

Glucose-6-phosphatase, a crucial gluconeogenicneszig mainly found as an integral protein in theén of the
endoplasmic reticulum of liver tissues that catag/the dephosphorylation of glucose-6- phosphatgutnse [33]
and it is transported out of the liver to increddeod glucose concentration. Glucose-6-phosphatsmique
among the gluconeogenic enzymes and also a markame for liver microsomal activity. The activitiexf
gluconeogenic enzymes were significantly inhibitedMBA induced rats. This may be due to the higlaetic
acid production of neoplastic tissues, and it hesnbproved that the tumor utilizes a large proporof lactate for
glycolysis and protein synthesis [34]. Oral treatin@ith thymoquinone showed a significant drophe &ctivities
of glycolytic enzymes and a concomitant elevatiothie levels of gluconeogenic enzymes. This modulahay be
due to the antitumor activity of the drug eitheribkibiting the glycolytic enzymes activities or bye suppression
of tumor progression.

Effect of thymoquinone on the levels of lipid profile

Figure 8 and 9 depicts the effect of thymoquinonethe levels of lipid profile in the control andperimental
group of rats. Elevated levels of total cholestgpblospholipids, triglycerides and free fatty adiiishe plasma and
liver tissues were observed in DMBA induced ratsewhas compared to the control rats. Treatment with
thymoquinone decreased the levels of lipid prdfildicators to near those of the control rats. Thgaioone alone
treated rats did not show any significant changeshe level of lipid profile indicators when compérto control
rats.

Figure 8: The levels of Lipid profile in plasma of control and experimental groups of rats
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Values are given as mean * S.D for groups of six rats in each. Statistical significance was compared
within the group as follows: a-compared with control rats

b- compared with DMBA induced rats

*p<0.001; @p<0.05; #p<0.01; NS-Not significant
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Cancer is associated with higher lipid metabolizagivity and cholesterol metabolism is regulateffiecently
during tumour growth. Deregulated cholesterogenasserved in tumours implicated an over productiat could
result in the enrichment of tumour cell membranthwholesterol [35]. Abnormal levels of lipid prigfiand their
changes in lipid metabolizing enzymes are propodie to the disease stage. In the present studyasi observed
the elevated levels of Total cholesterol, triglydes, phospholipids and free fatty acids in DMBAluged cancer
bearing rats. The progression and proliferatiorthef tumour cells depends on the elevation of cheleksand
phospholipids levels which modifies the lipid flitidof the tumour cell membranes thereby increashegrate of
malignancy in tumours condition [36]. In Thymoquirgotreated rats, the lipid profile was reduceddomal levels.
It has been shown by maintain the balance betweeroxidant/antioxidant and stimulate various aritiext
enzymes to suppress the carcinogenic activity asd arotects normal cell kinetics from DMBA induced
deleterious changes.

Figure 9: The levels of lipid profile in liver tissues of control and experimental groups of
rats
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Values are given as mean * S.D for groups of six rats in each. Statistical significance was compared
within the group as follows: a-compared with control rats

b- compared with DMBA induced rats

*p<0.001; @p<0.05; #p<0.01; NS-Not significant

Table 1-3 depicts the levels of glycocomponentglpfoproteins in plasma, liver and mammary tisstieamtrol,
DMBA induced and thymoquinone treated rats. Eleydéwels of hexose, hexosamine and sialic acidlasrpa,
liver and mammary tisssue were observed in canuduced rats when compared to the controls. Uporg dru
administration, the animals responded better tanTdguinone and the levels of those biochemical patars were
significantly decreased in a dose dependent mamen compared to control rats.

Table1: Effect of thymoquinoneon thelevelsof glycoproteins in plasma of control and experimental animals

Groups Control DMBA DMBA+TQ TQ
Hexose 146.62+8.1| 197.68+11.F1 | 150.75+8.167 | 148.60+9.660™
Hexosamine | 38.40+3.4 50.34+4 % 41.80+4.77" 41.88+3.7"
Sialic acid 54.23+4.6 | 127.67+9.56 | 93.50+7.547 | 91.94+8.28"°
Units: mg/dI

Values are given as mean +S.D for groups of sig rmeach. Statistical significance was compawéttiin the group as follows: a-compared
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Table2: Effect of thymoquinone on thelevelsof glycoproteinsin breast tissuesof control and experimental animals

Groups Control DMBA DMBA+TQ TQ
Hexose 1.69+0.74| 4.16+0.3% | 2.06+0.14™ | 1.96+0.14™
Hexosamine | 0.70+0.03| 1.44+0.1% | 0.90+0.05™" | 0.87+0.08"°
Sialicacid | 0.24+0.02| 0.80+0.08 | 0.29+0.02™ | 0.32+0.03"°

Units: mg/g of defatted tissue

Values are given as mean + S.D for groups of dix im each. Statistical significance was compawétlin the
group as follows: a-compared with control ratsobapared with DMBA induced rats *p<0.009p<0.05; #p<0.01;
NS-Not significant

Table 3: Effect of thymoquinone on thelevelsof glycoproteins in Liver tissuesof control and experimental animals

Groups Control DMBA DMBA+TQ TQ
Hexose 3.35+0.24| 9.65+0.73 | 4.10+0.35” | 4.15+0.35"
Hexosamine | 3.50+0.25| 11.20+1.13 | 4.50+0.36™" | 4.35+0.47"
Salicacid | 2.92+0.2: | 6.30+0.4F | 3.66+0.3'*" | 3.52+0.3(°"

Units: mg/g of defatted tissue
Values are given as mean +S.D for groups of sig imeach. Statistical significance was compasittiin the group as follows: a-compared
with control rats b-compared with DMBA induced rts:0.001; ©p<0.05; #p<0.01; NS-Not significant

The elevated levels of plasma glycoprotein comptsém cancer condition may be due to the leakag¢hef
disturbed membrane components from either disiatewy or dying neoplastic cells or may be due he t
consequent shedding of plasma membrane and duergased synthesis by sequential addition of maubsaide
units to parent protein molecule catalyzed by rplétiglycosyltransferases such as sialyltransfe(bsaIAc-T),
galactosyltransferase (Gal-T), fucosyltransferafiésc-T A and Fuc-T B) [37-39 ]. An increased levelf
glycoprotein components in mammary tissue is oleskia the present study. Oral treatment with thyoiogne
resulted in the normalization of glycoprotein coments levels which indicates the cytostabilisingparty of
thymoquinone.
CONCLUSION

The results of the present study indicate that tiyummone exerts anticancer effect through its nolenodulating

the glycoprotein components, lysosomal membrangilisga Also, the altered enzyme activities of cahlydrate
metabolism were normalized upon treatment with Toguinone. Furthermore, the reason for the observed
anticancer activity could be due to the inhibitioh glycolytic pathway and activation of gluconeogsis via
antioxidant activity. Thus, it can be concludedttifaymoquinone may modulate the energy requirentnt
neoplastic tissues and resulting in suppressidarnbr growth.
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