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ABSTRACT

Curcumin’s chemo-preventive efficacy in almost all stages of carcinogen-
esis has received even more attention because of curcumin’s nontoxic
nature. This study aims to increase the bioavailability of curcumin; the
highest reproducible solubility modality will be applied on an experimental
carcinogenesis models in order to eval uate its chemo-preventive, chemo-
therapeutic effects and antitumor potential; against animal carcinogenesis
(Ehrlich carcinoma). Results: We found that administrating of curcumin/
BSA (200 mg/kg |.P.) resultsin a significant inhibitory effect on tumor in
vivo represented in the reduction in the volume of the EAC and in the
count of EAC cells in both preventive and therapeutic groups. An anti-
oxidant effect of curcumin in vivo was observed; our results investigate a
significant decrease in malodialdehyde and Nitric Oxide serum levels.
Caspase-3 isan attractive therapeutic target for treatment of cancers. Over-
all, our results suggest that curcumin can induce apoptosis by multiple
mechanisms, theses mechanism are negatively regulated by anti-apoptotic
proteins Bcl-2 and caspase-3 activation. Conclusion: Curcumin hasastrong
inhibitory activity against tumors. The anti-tumor mechanism may be me-
diated by preventing oxidative damage and induction of apoptosis im-
proved animal chances of survival and they became healthier. The results
of clinical trials will be needed to spur the development of curcumin as
cancer preventive and therapeutic. © 2013 Trade Sciencelnc. - INDIA
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Cancer is considered one of the major causes of
mortality intheworld. Despitetherecent advancesin
science, cancer hasnot been cured yet. It isestimated
that by 2020 therewill be 16 million new cancer cases
every yearlU, Itis, therefore, essential that new thera-

peutic options are needed for cancer therapy with at-
tention to toxicity and side effects, besidesthe mgjor
trestment modadiitiesincluding surgery, immunotherapy
and radiotherapy?3, Cancer chemopreventionisarap-
idly growing areaof oncol ogy which canmakeasig-
nificant progressin the prevention and trestment of car-
cinogenesi s by administration of variousdrugswith


mailto:Fatenzahran55@Yahoo.com

BCAIJ, 7(1) 2013

Faten Zahran et al. 7

chemicd or naturd entitiesdepending ontheir anti-mu-
tagenic properties“. The search for new chemo-pre-
ventive and anti-tumor agentsthat are more effective
and less toxic has kindled great interest in
phytochemical .

Curcumin (diferuloylmethane) isamagor constitu-
ent of theyellow spiceturmeric derived fromtherhi-
zomes of Curcumalonga. It issafe and nontoxic and
has demonstrable antitumor, anti-inflammatory,
apoptotic, and antioxidant properties. We have shown
previoudy that curcumininhibitstumor metastasis, in-
vasion, and angiogenesig®®. Therefore, itisregarded
as a high potentia to develop into modern drug.
Curcumininitsfreeformispoorly absorbedinthegas-
trointesting tract and thereforemay belimitedinitsdini-
cal efficacy!®. Inthe pre- research it had been further
confirmed that curcumin hasantioxidant activity invitro
and it can enlarge strength of mice?. Unfortunately,
the solubility of curcuminoidsin agueous solutionsis
exceedingly low. Thisrestrictstheir systemic availabil-
ity inorally administered formulationsand limitstheir
therapeutic potentid . Preclinical sudieshavereveaed
the chemo-preventive potentid of curcuminin severa
different animal tumor bioassay systems, including co-
lon*¥, duodend, stomach!*?, prostate™®, and breast!*4
carcinogenesis, bothinvitroandin vivo.

Curcumin actsasascavenger of oxygen species,
such ashydroxyl radical, superoxideanion, and singlet
oxygen, and it interferes with lipid peroxidation.
Curcumininhibitstheinduction of nitric oxide synthase
in activated macrophagesand hasbeen shownto bea
potent scavenger of free radicals like nitric oxide.
Curcumin treatment showed antitumorigenic potential
by significantly reducing thelevelsof induciblenitric
oxide synthase (NOS)*S.,

Curcumin’s chemo-preventive activity in animal
modd systemshasled investigatorsto study its poten-
tial impact upon tumor cell growth and apoptosis.
Curcumin suppressesanumber of key elementsin cel-
lular signal transduction pathways pertinent to growth,
differentiation, and malignant transformation*®, Much
of itsbeneficia effectisfoundto beduetoitsinhibition
of thetranscription factor nuclear factor kappaB (NF-
kappaB) and subsequent inhibition of pro-inflamma-
tory pathways. Curcumin prevents phosphorylationand
degradation of inhibitor kappaBal pha, thereby block-
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ing NF-kappaB activation, whichresultsin down-regu-
lation of iINOS genetranscription™. Curcumin acti-
vated caspase-8, induced BID cleavage, caused mito-
chondria cytochrome c rel ease and induced caspase-
3 activation. Also, the ectopic expression of Bcl-2in-
hibited both upstream and down-stream stepsinvolved
in curcuim-induced apoptosis®.

MATERIALSAND METHODS

Animals

Female Swiss abino mice of 8 weeks of age,
weighed 22 to 25 g body weight were raised at the
experimenta animal house of thefaculty of Science,
Zagazig Universty. Theanimad sweremaintainedin con-
trolled environment of temperature, humidity and light.
They werefed on acommercia standard diet and tap
water.

Tumors

Ehrlich ascitescarcinoma(EAC) wasinitidly sup-
plied by the National Cancer Institute, Cairo, Egypt,
and maintained in femal e Swiss abino micethrough
serial intraperitoneal (1.P) inoculation at 8 or 10 day
intervalsinour laboratory inan ascitesform.

Curcumin

Crude curcuminwas obtained from Fluka, Buchs,
Switzerland, was dissolved in dimethylsul phoxide
(DM SO), and then dissolved in 5% (Bovine Serum
Albumin (BSA) in PBS solution used during trestment
toincreasethebioavailability of curcumin.

Experimental design

Miceweredivided into four groups, each group
includes 10 mice. Group |, werereceived asaline solu-
tion by I.P. injection represented as negative control
group, Group I1, werereceived EAC cdlls (2x10° cell¢/
mouse) by |.P. injectionfor 10 days served as positive
control group. Group |1, were injected I.P. with
curcumin oneday before EAC (tumor inoculation) rep-
resented aspreventive group, Group IV, wereinjected
I.P. with EAC (2x10° cells'/mouse), represented as
therapeutic group, then curcumin was injected at
1,3,5,7,9daysof EACinjectionfor 10 daystothelast
two groups.. Themiceof four groupswere maintained
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under the same conditionsand werecarefully observed
to theend of experiment.

After theexperiment, theblood samplesand EAC
cellswerecollected from micefor determination anti-
oxidantsassays, Caspase-3 activity, Bcl-2 percentage,
and cytologica study.

Cdl viability and counting of EAC cells

Theviability of EAC cellswasdetermined by the
Trypan Blue Exclusion Method™@, wherethetotal and
viable cells (non-stained) were counted in
thomacytometer at magnification x40; as the number
of celg/ml wasdetermined inthestudied groups.

Estimation of nitricoxidein serum

The Biodiagnostic NitriteAssay Kit providesan
accurate and conveni ent method!*® for measurement
of endogenousnitrite concentration asindicator of ni-
tricoxideproductioninbiologica fluids. In acid me-
dium and inthe presence of nitritetheformed nitrous
acid diazotise sulphanilamide and the product are
coupled with N-(1-naphthyl) ethylenediamine. The re-
sulting azo dyehasabright reddish—purple color which
can bemeasured at 540 nmin aspectrophotometer.

Estimation of malondialdehydein serum

Thelipid peroxidation productswere estimated by
theformation of thiobarbituricacid (TBA) and quanti-
fiedinterm of MDA where, thiobarbituricacid (TBA)
reactswith MDA in acidic medium at temperature of
95°C for 30 min to form thiobarbituric acid reactive
product, the absorbance of the resultant pink product
can be measured at 534 nmin aspectrophotometer??,

Caspase-3 colorimetric assay

Theactivity of caspase-3 wasdetermined by the
colorimetric caspase-3 kit according to the
manufacturer’s instructions (R& D system, Inc.)?U. This
assay isbased on spectrophotometrically detection of
the chromophore p-nitroanilide (pNA) after cleavage
from thelabeled substrate7-amino-4- trifluoromethyl
coumarin conjugated pNA (DEVD-pNA) in equal
amount of cellsproteinlysates. Briefly, 1x10° cdllswere
collected and lysed with 50 pl of chilled lysisbuffer and
incubated onicefor 10 min. Cell lysateswere centri-
fuged at maximum speedfor 5minat 4 °C, after which
50 pl of 2x reaction buffer/dithiothreitol (DTT) mix and
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5 ul of 1 mM caspase-3 substrate (DEVD-pNA) were
added to each reaction andincubated at 37 °C for 1 hr.
ThepNA light emissonwasquantified usngamicroplate
reader at 400- or 405- nm.

Determination of Bcl-2 percentage in cells by
flowcytometry

Theapoptos sratewas measured by flowcytometry
assay (Santa Cruz Biotechnol ogy, inc.) through deter-
mination of Bcl-2 expressionin cell$?. Immunohis-
tochemical stainingwasadopted to test the protein ex-
pression of bcl-2 in the hepatic tissues of theratsand
EAC cellsof mice. After bcl-2 protein expression of
hepatictissuesand EA C cdlswasobserved under light
microscope, the comprehensivejudgment was carried
out based on the percentage of positivecells.

Cytological study of EAC célls

The EAC cellsobtained from the ascitisfluid by
centrifugation weresmeared on 3glassdides. Thenthe
ar-dried smearswerefixedin 70% ethanol and cov-
ered by Giemsasolution (0.1%). After exactly 20 min-
utes, the dideswereremoved quickly and washed un-
der running tap water, and examined under an e ectric
microscope.

Satistical analysis

All resultswere anadyzed by SPSS software (ver-
sion 14)1#1, Datawere expressed asmean+ SD. The
Student’s t test was used for statistical analysis of differ-
ences between each two groups. Comparison of mean
valuesof studied variablesamong different groupswas
doneusingANOVA test. Pearson’s correlation coeffi-
cient was used to quantify therel ationship between the
studied parameters. P<0.01 wasconsideredtobesig-
nificant.

RESULTS

Effect of curcumin on theviability and counting of
EAC cdls

TABLE 1 summarizesthe effect of curcumin as
chemo-preventivenatura product; where Curcumin ad-
ministration resultsin asignificant reduction of EAC
growth in vivo; indicating decreasein the volume of
EAC by 51.44% and 58.85% in the therapeutic and
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preventive groups, respectively; compared to positive
control group; asshown in Figure (1a); and asignifi-
cant decrease in the count of EAC by 51.85% and
56.28 % in the therapeutic and preventive groups, re-
spectively; compared to positive control (p<0.05); as
showninFigure(1b).

co
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volume of EAC (ml)
N

o

) _I ‘_l7
1 2 3
Mice Group
Figurela: Effect of curcumin onthevolumeof EAC in mice
groups. (1: positivecontroal, 2: therapeutic, 3: preventive).

Effect of curcumin on serum concentr ationsof NO
and MDA

TABLE 2summarizetheresultsof NOand MDAIINn
serum among thefour groupsof animals. Inmicegroups,
therewasahighly sgnificantincreaseinNO and MDA
levesingroup |l comparedtogroup | [59.46+5.83 (wmol/
[)vs. 14.07+1.75 (umol/l) and 14.61+0.58 (nmol/ml)
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TABLE 1: Effect of curcumin on thevolume and count of
EAC inthestudied groups.

Parameter Group I Group Il Group |V
6.26+1.24 3.04+£0.49%* 257+]1.05%*

126.52+12.13 60.92+4.31** 55.31+19.63**

Volume of Ascitis Fluid (ml)
Count of EAC cells (x10°)

The significant difference: P < 0.01—>high significant P" <
0.05— significant
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Figure 1b : Effect of curcumin on the count of EAC cellsin
micegroups (1: podtivecontrol, 2: therapeutic, 3: preventive).
vs. 7.31+£0.70 (nmol/ml); respectively] (P<0.05).
Curcumin hasbeen shown to exhibit antioxidant; NO
level showed asignificant decreaseingroup Il & group
IV by 74.92% and 75.38%; respectively. Alsotherewas
aggnificant decreaseinM DA levesingroup il & group
IV by 49.69% and 55.44%; respectively, compared to
group I1; asrepresented in Figure 2.

TABLE 2: Effect of curcumin on antioxidantsactivity of curcuminin seruminthestudied groups.

Par ameter Group | Group Il Group 1 Group IV
Nitric Oxide (NO) (umol/l) 14.07+1.75 59.64+5.83 14.91+3.57** 14.64+2.23%*
Malondialdehyde (MDA) (nmol/ml) 7.31+0.70 14.61+0.58 7.35+0.46%* 6.51+0.86**
L -106.94%in thetherapeutic and preventivegroups, re-
60 - spectively compared toitsactivity inthe positive con-
50 trol group; asillustratedinthe Figure 3, and TABLE 3.
§ 40 TABLE 3 : Caspase-3 activity and Bcl-2 percentage
f;: 30 4 & MDA (nmol/ml) expression inthestudied different studied groups.
< 20 B NO (umol/1) Parameter Group Il Group Il Group IV
10 Caspase-3 (ng/ml) 1.73+£0.32 3.55+0.32 3.57+0.31
Bcl2 % 78.85+ 598 56.0:1.63  45.3:2.71

R

Mice Group
Figure2: Antioxidantsactivity in micegroups.

Effect of curcumin on caspase- 3activation
Caspase-3 activity wasincreased by -105.2% and

The significant difference: P < 0.01=>high significant P" <
0.05—significant

Per centage of Bcl-2in cellsby flowcytometry

TABLE 3 summarizeflowcytometric sudiesshow
that, curcumin down-regul atesthe expression of bcl-2
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significantly by 28.95% and 42.51 %in thetherapeutic
and preventive groups, respectively (p< 0.01) com-
paredtothepositivecontrol group, asillustrated in EAC
cels(Figure4).
a -
35 4
3
25 4
2
L5 i
g
0.5
0 : >
1 2 3

Mice group
Figure 3 : Effect of curcumin on the caspase-3 activity in
EAC in micegroups. (1: positivecontrol, 2: therapeutic, 3:
preventive).

Caspase-3 activity "'ng/ml)

Cytological studiesof EAC in different groups

Cytologicd studiesusing Giemsastaining methods
reveal ed that, Curcumininducesasignificant decrease
inmitotic cdllsin EAC compared totheincreasein num-
ber of mitotic cellsin positive control. The number of
apoptotic cellswas high in the groups injected with
Curcumin “preventive and therapeutic groups™; as il-
lustrated in Figure (5 a, b, and ¢), respectively.

Corréeationsbetween different sudied parameters
amongdifferent groups

In studied groups, thereweres gnificant postivecor-
relations between volume and count, MDA, NO, and
Bcl-2; (r=0.864, r=0.862, r= 0.868, r=0.825; respec-
tively) (p<0.01). Also, therewere positive correlations
between count and MDA, NO, and BCI2; (r=0.919,
r=0.918, r=0.886; respectively) (p<0.01). Inthestud-
ied groups, therewasapositive correl ation between se-
rum MDA and NO (r=0.968, p<0.01). Also, therewas
apositivecorre ation between MDA and Bd-2 (r=0.949,
p<0.01). Therewasapostivecorrelation between NO
and BCI2levdsinthestudied groups(r=0.930, p<0.01).
Whilethereweres gnificant negativecorre aionsbetween
Caspase-3 and other parametersvolume, count, MDA,
NO, and Bcl-2; (r=-0.785, r=-0.909, r=-0.918, r= -
0.933, and r=-0.904, respectivey; p<0.01).
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Figured4: Dot plot display effect of curcumin on theBCI2
expression in micein tumor and treated groups.
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Figure5a: Photomicrographsof untreated EAC cdllstreated
(Positive control). (L= life cell; Ac= apoptotic cell; Dc=
degener ativecell).

oF a '

Figure5b: Photomicrographsof EAC cellsin therapeutic
group. (L=lifecell; Ac= apoptotic cell; Dc= degenerative

cell).
"I X

F »

Figure5c: Photomicrographsof EAC cellsin preventive
group. (L=lifecell; Ac= apoptotic cell; Dc= degenerative
cell).

DISCUSSION

Cancer is considered one of the most common
causesof morbidity and mortality worldwide. Thetar-
get of much research hasbeen onthediscovery of natu-
ral and synthetic compounds that can be used in the
prevention and/or treatment of cancer. Natural prod-
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uctsof either plant or anima originthat exhibited antitu-
mor activitieshave been discovered??. Curcuministhe
active congtituent of CURCUMA LONGA (turmeric).
Itisused asaspice, food preservativeand herba medi-
cine. Itiswell known that the systemic availability of
Curcuminisvery low after oral administration, because
mogt of Curcuminismetabolizedintheintestind®!. This
restrictstheir sysemicavailabilityinoradly administered
formulationsand limitstheir theragpeutic potentid. Solu-
bility of curcuminisvery important and itsincensement
of its solubility using bovine serum albumin.
Curcuminoidswerehighly solublein solutionsof puri-
fied albumin, amajor component of serumi?¥l, Also,
severd studiesrecently confirm thehigh affinity nature
of curcumin binding to BSA7, Our resultsrevealed
that, the curcumin decreasethevolumeof EAC signifi-
cantly in the therapeutic and preventive groups by
51.44% and 58.85 %, respectively. Also, it reduces
the count of EAC cdllssignificantly in both groups by
51.85% and 56.28 %, respectively compared to posi-
tive control group (bearing EAC), asshownin Figure
(1a b); TABLE 1. Theanti-tumor effect of Curcumin
has been attributed in part to the suppression of cell
proliferation, reduction of tumor load and induction of
apoptosisin various cancer modelsbothinvitroand
invivo?8, Curcuminmay aso operatethrough the sup-
pression of NF- B activation, where this factor required
for theexpression of genesinvolvedin cell prolifera-
tion, cell invasion, metastasi's, angiogenesis, andresis-
tanceto chemotherapy?®. Johann et al.,*% who dem-
onstrated that curcumin in vivo administration of
curcumin (40-80 mg/kg b.w) can inhibit tumor growth,
tumor metastasison EAT cdlls. Also, Thippeswamy and
Salimath®Y, study the effect of Curcuma aromatica
extract to micetransplanted with EAT cdlls, effect onin
vivo growth and proliferation of EAT cellsismoreevi-
dent inthe cell number and ascites volume obtained
from both control and trested animals.

Anti-oxidant effect of Curcumin/BSA showedasg-
nificant decreasein MDA by (49.69% and 55.44%;
respectively, p<0.01); and NO levelsby (74.92% and
75.38%; respectively, p<0.01) in thetherapeutic and
preventive groupscompared to EAC group, asshown
inFigure2, and TABLE 2. Curcuminwasfound to be
avery potent anti-oxidant. As, the phenolic (-OH) plays
amajor rolein theanti-oxidant activity of curcumini®,
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Curcumin hasal so been shown to quench reactive oxy-
gen speciesand scavenge superoxideanionradicasand
hydroxyl radicalsand strongly inhibitsNO production
by down-regul ating induciblenitric oxide synthasegene
expression’®3, Curcumininhibit freeradica generation
and act asfreeradica scavengersand antioxidants, in-
hibiting lipid per-oxidation and oxidative DNA dam-
age, with abilitiestoinhibit activation of NF-»B4, By
performing detailed in vitro antioxidant assaysthe au-
thorsal so demonstrated effectiveradical scavenging
propertiesof curcumin®. Also, our resultsagreewith
Gisdleetal.,* who suggest that, Curcuminissevera
times more potent than vitamin E asafreeradica scav-
enger, protectsthe brain from lipid per-oxidation, and
scavenges NO-based radicals. Our study has shown
that curcuminwaseffectiveinimparting growthinhibi-
tion, cell cyclederegulation and gpoptosisin EAC cdlls.
Itisnow well recognized that whether acell becomes
committed to apoptosis partly depends upon the bal-
ance between proteinsthat mediate growth arrest and
cell death. Enhancement of the apoptotic potential of
tumor cedllsincreasestumor responsesto chemotherapy.
TABLE 3 showed the apoptotic and anti-apoptotic ef-
fectsof curcumin, wherethe preclinica andclinica |.P.
injectionsof curcuminin EAC inoculationresultina
significant increasein Caspase-3 activity inthethera-
peutic and preventive groups by (-105.2% and -
106.94%; respectively, p<0.01) compared to group
I, asshowninFigure 3. While, theflowcytometricre-
sultsof EAC revealed thelevelsof Bcl-2 expression
wassignificantly increased (78.90+1.66 %). Interest-
ingly, theleve of Bcl-2 decreased upon curcumin treat-
ment by 28.95 % and 42.51 % in the therapeutic and
preventive groups, respectively compared to positive
control group (I1) asillustrated in Figure4. AsCurcumin
caninduceapoptos sby different mechanisms, such as,
by inhibiting the expression of theanti-apoptotic genes
bcl-2 and bel-xL, by inhibiting AP-1 and NF-»B tran-
scriptionfactorg®™. Physiologicdly bcl-2 protein blocks
theapoptotic process by inhibiting therelease of cyto-
chrome C from mitochondriawhereasit locatesat the
cytoplasmic surface of themitochondria membrang®.
Recently, ROS has been shown to down-regul ate bcl -
2 expression, thereby sensitizing the cell sto apoptotic
death®, Apoptotic signalsprovoke cytochromec re-
leasefrom themitochondriainto thecytoplasmwhereit
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associateswith Apaf-1 (apoptosis activating factor 1)
that recognizestheinactive pro-caspase 9 and forms
the g@poptosome, whichtriggers autocatal ytic process-
ing of pro-caspase 9. In turn, active caspase 9 acti-
vates downstream executioner caspases. Caspase 3is
theultimateexecutioner cagpasethat isessentid for the
nuclear changesassociated with apoptosis, including
chromatin condensation”. Caspase-3isadownstream
effector cysteine proteasein the apoptotic pathway. Our
datawerein aline with Woo et al.*" who suggested
that theinduction of Caki (human kidney carcinoma
cells) programmed cell death isactivated by Akt de-
phosphorylation, Bcl-2, Bcl-XL and inhibitor of
gooptoss(IAP) proteninhibition, aswell ascytochrome
c releaseand caspase 3 activation.

Cytogenetic sudy of EACinmicegroupsindicates
that, curcumininducesgpoptoss. Staining methodsre-
veded asgnificantincreasein number of mitatic celsin
EAC untreated group (positive control) (Figure5 @).
Curcumininducessignificant decreaseinmitoticcdlsin
EAC (treated groups) asillustrated in Figure (5 b and
c). Holy" reported di sruption of mitotic spindle struc-
tureand induction of micro-nuclestionin human breast
cancer cdlsby curcumin“yellow pigment”.

CONCLUSION

Finally, it could be concluded that our in vivo stud-
ies provide a support for the hypothesis of the anti-
apoptosis and strong anti-oxidative property of
curcumin. Theability of curcumintoinduceapoptosis
incancer cellswithout cytotoxic effectson hedthy cdlls.
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