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ABSTRACT

The systemic availability of curcuminisvery low after oral administration;
this limits their therapeutic potential. This study aims to increase the
bioavailability of curcumin; the highest reproducible solubility modality
will beapplied on an experimental carcinogenesismodelsinorder to evaluate
its chemo-preventive, chemotherapeutic effects and antitumor potential.
We found that administrating of curcumin (200 mg/kg |.P. bound to 5% BSA
inPBS, pH 7.4) resultsin asignificant inhibitory effect ontumor invivo. An
anti-oxidant effect and anti-tumor effect of curcumin in vivo was observed.
A significant reduction in anti-oxidants and tumor markers levelsin tumor
treated animals when compared with untreated ones. As well as Bcl2
expression was reduced. Conclusion: curcumin bound BSA has a strong
inhibitory activity against tumors. The anti-tumor mechanism may be
mediated by preventing oxidative damage and induction of apoptosis
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improved animals’ chances of survival and they become healthier.
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INTRODUCTION

Hepatocel lular carcinoma (HCC), the most com-
mon type of liver cancer, isthethird leading cause of
cancer deathsworldwide™. It isone of thefive most
common cancers worldwide. HCC is a high-grade
malignancy showing arapid infiltrating growth, early
stage metastasi s, poor therapeuti c response and disap-
poi nting prognosiseven after successful curativeresec-
tion surgery?. Surgery, including transplantation, re-
mainstheonly potentialy curativemodality for HCC,
yet therecurrenceratefor thisparticular cancer ishigh
and long-term survival rateis rather poort®. Cancer

chemopreventionisarapidly growing areacf oncology
which can makeas gnificant progressinthe prevention
and treatment of carcinogenesis by administration of
variousdrugswith chemical or natura entities depend-
ing on their anti-mutagenic propertied®. Cancer
chemopreventionisarapidly growing areacf oncology
which can makeas gnificant progressinthe prevention
and treatment of carcinogenesis by administration of
variousdrugswith chemical or natura entities depend-
ing ontheir anti-mutagenic properties. Itis, therefore,
essential that new therapeutic options are needed for
cancer therapy with attention to toxicity and side ef-
fects, bes desthemgjor treatment modaitiesincluding
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surgery, immunotherapy and radiotherapy!>9.

Curcumin (diferuloylmethane) isamagor constitu-
ent of theyellow spiceturmeric derived fromtherhi-
zomesof Curcumalonga. It issafe and nontoxic and
has demonstrable antitumor, anti-inflammatory,
apoptotic, and antioxidant properties. It was shown
previoudy that curcumininhibitstumor metastasis, in-
vasion, and angiogenesis™?. Therefore, itisregarded
as a high potentia to develop into modern drug.
Curcumin’s chemo-preventive activity in animal model
systemshasledinvestigatorsto study itspotential im-
pact upon tumor cell growth and apoptosis. Several
reportsdocument an anti-proliferativeeffect on cultured
cellssuch ason colon cancer and breast cancer cells.
Thismay, in part, be because of programmed cell degth
because at high concentrations curcumin can induce
apoptosissuch asin humanleukemiacdls™. Curcumin
actsasascavenger of oxygen species, such ashydroxyl
radical, superoxideanion, and singlet oxygen, and it
interfereswith lipid per-oxidation. Curcumin possibly
used in the prevention and treatment of cancer(**12,
Curcumin suppressesanumber of key elementsin cel-
lular signal transduction pathways pertinent to growth,
differentiation, and maignant transformation™3, Unfor-
tunately, thesolubility of curcuminoidsin aqueous solu-
tionsisexceedingly low. Thisrestrictstheir systemic
avallability inoraly administered formulaionsand lim-
itstheir therapeutic potential™ because most of the
curcuminismetabolizedintheintestine.

Severd studiesrecently confirm the high affinity
nature of curcumin binding to Bovine SerumAlbumin
(BSA)1, Curcuminoidswerehighly solublein solu-
tionsof purified dbumin, amag or component of serum.
Solid curcuminoidswould thusalow only limited sur-
face access of the solvent to disrupt the defined struc-
tures. At saturating BSA concentrations (14-20%), the
amount of DM SO-di ssolved curcuminoids converted
into BSA solubilized curcuminoidswas about 92-96%.
At pH H” 7.0, the protein molecule acquired more nega-
tivecharges, whichinturn help expand theprotein abit
further allowing the binding of more dye molecule
(curcumin) without dtering the affinity!*?. Hence, the
concentrations at saturation obtained by adding either
solid or DM SO dissolved curcuminoidsto 5% BSA
were about two-fold higher. So, these promising novel
formulations, which appear to providelonger circula-
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tion, better permeability, and resistanceto metabolic
processes”. Curcumin bio-conjugatescontaining a-
buminimprovemedicinal propertiesover curcumin,
suggesting increased cellular uptake.

MATERIALSAND METHODS

Tumors

Hepatocd lular carcinoma (HCC) wasinduced by
anintraperitonea injection of N-diethylnitrosamine
“DENA” (200 mg/kg; Sigma Chemical Company) 18
dissolvedinsdine.

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 Phosphate Buffer Saline(PBS); pH
7.4 solution used during thetreatment to increase the
bioavailability of curcumin.

Experimental design

AlbinomaleWister rats’ 190-200 g body weights
wereraised a theexperimenta anima houseof thefac-
ulty of Science, Zagazig University. Theanimalswere
maintainedin controlled environment of temperature, hu-
midity and light. They werefed onacommercial stan-
dard diet and tap water. Ratsweredivided according to
their weight into four groups, each oneincludes8rats.
Group |, werereceived asdinesolutionby 1.P. injection
represented asanegative control group; Group |1, were
received DENA (200 mg/kg |.P) served asapositive
control group. Group 11, wereinjected |.Pwith curcumin
oneweek beforeDENA (tumor induction), represented
aspreventivegroup, Group 1V, wereinjected |.P. DENA,
represented atherapeutic group, then curcuminwasin-
jected every week for fiveweeksto thelast groups. The
ratsof four groupswere maintained under the samecon-
ditionsand wereobserved carefully everyday totheend
of experiment. At theend of theexperiment, theblood
samplesand liver tissueswerecollected fromanima sfor
biochemica and histological assays.

Biochemical analyses

a) Estimation of a-L - fucosidasein serum
Serum o-L- Fucosidase (AFU) acivity was deter-
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mined by usng Biodiagnostickit method (Biodiagnostic
Company, Dokki, Giza, Egypt). TheAFU assay isbased
ontheenzymatic cleavage of the synthetic substrate p-
notrophenol and L-Fucose. The yellow color of p-
nitrophenol inan akaline medium can be measured at
405 nmi*9,

b) Anti-oxidants assayes
() Estimation of nitricoxidein serum

In acid medium and in the presence of nitritethe
formed nitrous acid diazotise sul phanilamide and the
product are coupled with N-(1-naphthyl) ethylenedi-
amine. Theresulting azo dye hasabright reddish—purple
color which can be measured at 540 nmin aspectro-
photometer27,

(i) Estimation of malondialdehydein serum

Thelipid peroxidation products were estimated
by the formation of thiobarbituric acid (TBA) and
quantifiedinterm of MDA where, thiobarbituric acid
(TBA) reactswith MDA inacidic medium at tempera-
ture of 95°C for 30 min to form thiobarbituric acid
reactive product, the absorbance of theresultant pink
product can be measured at 534 nmin aspectropho-
tometer(24,

(iii) Estimation of glutathionereduced in erythro-
cyte lysate

Glutathionereduced (GSH) level wasdetermined
by using Biodiagnostic kit method. Thismethod based
onthereduction of 5, 5°-dithiobis (2-nitrobenzoic acid)
(DTNB) with glutathione (GSH) to produceayellow
compound can be measured at 405 nm. The reduced
chromogenisdirectly proportiona to GSH concentra-
tion?2.

(iv) Estimation of glutathione-S-transferase in
plasma

Glutathione—S-Transferase (GST) level was de-
termined by using Biodiagnostic kit method. Thisbio-
diagnostic GST assay measuretotal GST activity (cy-
tosolic and microsomal) by measuring the conjugation
of 1-chloro-2,4- dinitrobenzene (CDNB) with reduced
glutathione. Theconjugationisaccompanied by anin-
crease the absorbance at 340 nm (UV method). The
rate of increasethe conjugationisdirectly proportiona
to GST activity inthe sample?.
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(v) Estimation of total antioxidant capacity in
plasma

Total Antioxidant Capacity (TAC) level wasdeter-
mined by using Biodiagnostic kit method. The determi-
nation of theantioxidative capacity isperformed by the
reaction of antioxidantsin the sasmplewith adefined
amount of exogenously provide hydrogen peroxide
(H,0,). Theantioxidantsinthe sampleeiminateacer-
tain amount of provided H,O,. Theresidual H,O, is
determined colorimetrically by an enzymatic reaction
which involves the conversion of 3, 5-dichloro-2-
hydroxybenzensul phate to acol ored product can be
measured at 505 nmi24,

Histological study

Liver specimen wasfixedin 10% neutral buffered
formalin, embedded in paraffin, and sectioned. After
de-paraffinization and dehydration, the paraffin blokes
werestained with hematoxylinand eosinfor microscopic
examination. Light microscopy was used to eva uate
thepathologica changesintheliver tissues.

Chromosomal aberration

After treetment, theanimasof al groupsweresac-
rificed at thesampling time of 24 hby cervica didoca
tion (colchicinewasgiven at adose4 mg/kg f thebody
weight, 2 hrsprior to killing to arrest the metaphase
stage). Cytogenetic andysiswas performed asper pro-
tocol of Preston et al.,®. The bone marrow was
flushed out from both femursusing Hank ‘s balanced
salt solution (pH 7.2). The cellswere centrifuged at
1000 rpm for 5min. and the pellet wasre-dispersedin
hypotonic solution of 0.56% (w/v) KCl for 30 min. at
37°Ctopermit osmotic swelling of cells. Swollencells
werefixedinice- cold Carnoy‘s fluid, dropped to slides
and stai ned with phosphate-buffered 5% Giemsasolu-
tion. A total of 75 well- spread metaphase plates per
animal in each group wereanayzed for chromosomal
aberrationsat amagnification of 100x.

Satistical analysis

All resultswere anadyzed by SPSS software (ver-
sion 14). Data were expressed as mean + SD. The
Student’s t test was used for statistical analysis of differ-
ences between each two groups. Comparison of mean
vauesof studied variablesamong different groupswas
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doneusing ANOVA test. Pearson’s correlation coeffi-
cient was used to quantify thereationship between the
studied parameters. P<0.01 wasconsidered to besig-
nificant'®,

RESULTS

Dataobtaned from TABLE (1) summarizetheanti-
tumor and anti-oxidant effectsof Curcuminasachemo-
preventive natura product.

Effect of curcumin on AFU activity

A marked significant increasein AFU activity and
oxidativestressin DENA induced HCC “group III”
compared to negative control group “I”’. Anti-tumor
effect of Curcumin showed asignificant decreasein
the activity of AFU enzyme by 35.3% and 38.7%n
therapeutic and preventive groups, respectively; com-
pared to HCC group (p<0.05) asrepresent in Figure
(D).
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Figurel: Mean Difference of AFU activity in the studied
groups

AFU Activity

Effect of curcumin on oxidativestress

MDA wassignificantly decreased by 41.6% and
44.8% in therapeutic and preventive groups, respec-
tively. NO was significantly reduced by 36.1% and
37.7% in therapeutic and preventive groups, respec-
tively; (p<0.05), show Figure (2).

Also, therewereasignificant decreaseinthe GST,
GSH, and TAC levelsin both therapeutic and preven-
tive groups (43.4%, 33.3%; 18.6%, 14.9%; 27.03%,
and 27.9%, respectively) compared to HCC group
(p<0.05), Figure(2).
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Effect of curcumin on liver sections

Histopathol ogicd examination of liver sectionsfrom
control animalsrevealed normal architecture. While,
DENA group showed appearance of Hepatocel lular
carcinomawith enlarged hyper-chromatic nuclel and
scattered mitosis, distorted architecturewith moderate
to denseinflammeation represented by the presence of
inflammatory cellsand increase number of leukocyte
cellsand ballooning degeneration of hepatocytes. This
resultsinirregular arrangement of hepatocyteswith di-
lated central blood sinusoids. Neverthdess, Curcumin
administration asatreatment, induce mildliver affec-
tionether beforeor after treatment; i.e. PreventivelV
and Therapeutic [l Groups”; the hepatocytes and si-
nusoid showed normal morphology, reflecting awell
preserved liver parenchyma(H & E, x200). Curcumin
aleviated the DENA induced alterations seenin the
abovegroup, reduction of inflammation and re-arrange-
ment of hepatocytesasnormal case (Figure3A, B, C
andD).

70

M Group |
60 - HGroupll
= M Group Il
o 50 4 HGroup IV
3
=
s
8 40
>
e
€ 30
<C
20 - - b4
o —
MDA NO GSH GST TAC

Anti-oxidant
Figure 2 : Mean Difference of Anti-Oxidantslevelsin the
studied groups

Effect of curcumin on chromosomal aberrations

TABLE (II) showstheeffect of Curcuminonthe
chromosomal aberrations. Thebone marrow cells of
the control groups showed normal metaphase spread
having 42 chromosomes (Figure4). While structural
and numerical aberrationswerefoundin HCC groups
(ratstreated with DENA adone). Thedatarevea ed that,
the endoreduplication break, gap, deletion, ring chro-
mosomes, and dicentric chromosomeswerethe most
frequent types of structural chromosomal aberrations
(97%, 95%, 92%, and 93%, respectively) (Figure5).
But the numerical aberrations showed upintheform of
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Figure3: Light photomicrograph of rat liver inthestudied groupsHx & E X200. (A): photomicrograph of NegativeControl
“Group I” showing classical hepaticlobule conssting of hepatocyteswith light stained nucleusand prominent nucleolus
(arrow) and liver sinusoids(s) radiated from the central vein (C). (B): photomicrograph of Positive Control “Group |17
showing classical hepaticlobulewith many leukocytecells (arr ow head). M any hepatocytesshow vacuolated cytoplasm with
peripheral condensed nuclei (arrow) assignsof apoptosis. Noteirregular arrangement of hepatocytesand dilated blood
snusoids(s). (C)& (D): photomicrograph of Treated Groups(Group 111 and Group V) showing classical hepaticlobulesmall
central vein (c) surrounded with many inflammatory cells(arr ow). Note Hepatocyteswer ere-arranged again asnor mal.

™ aneuploidy and polypl oidy, 87% and 95%, respectively.
- Ve s Moreover, the number of aberrations per cell reduced
- B ’;’:‘ by Curcuminadminigtration, sgnificantly by 85.1%and
& : < 90.8%intherapeutic (I11) and preventive (IV) groups,

- ' - respectively (Figure6).

e
A v Correationsbetween different sudied parameters
‘ - among different groups

P g TABLE (1) summarizesthe correlations between
& 8 Pty different parameters. In studied groups, therewereposi-
- > » . tive significant correl ations between serum AFU and

MDA, NO, GST, GSH, and TAC; respectively
Figure4: Photogr aph showing metaphasesplatefrom bone (r=0.915; r=0.914; r=0.838; r=0.921; r=0.930, and
marrow cdlsof control rats(Negative Control Group |') show- r=0.648, p<0.01; respectively). Also, therewere posi-

ing 42 chromosome of nor mal shape.
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A: Photomicrograph of a metaphase spread prepared from the
bone marrow cells of rats treated with DENA showing a
polyploidy.
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B: Photomicrograph of a metaphase spread prepared from the
bonemarrow cellsof ratstreated with DENA showing chromatid
deletion (arrows).
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C: Photomicrograph of a metaphase spread prepared from the
bone marrow cells of rats treated with DENA showing
endoreduplication (arrows).

D

D: Photomicrograph of a metaphase spread prepared from the
bone marrow cells of rats treated with DENA showing ring
chromosome (arrows).

E: Photomicrograph of a metaphase spread prepared from the
bonemarrow cellsof ratstreated with DENA showing chromatid

gap (arrows).
Figure5: Photomicrographsof ametaphasespread prepar ed from thebonemarrow cellsof ratstreated with DENA “Pogtive

control group I1” showing numerical (A) and structural (B, C, D, E) chromosomal aberrations.

tivesignificant correlations between serum MDA and
NO, GST, GSH, and TAC (r=0.938; r=0.862, r=0.939,
r=0.960, p<0.01; respectively) in he studied groups.
Therewere positive significant correl ations between
serum NO and GST, GSH, and TAC (r=0.908;
r=0.940, r=0.976, p<0.01; respectively). Our datail-
lustrated positive correl ationsbetween GST and GSH,
TAC (r=0.874, r=0.938, p<0.01; respectively).

DISCUSSION

Curcumin (diferuloylmethane) alow molecular
weight polyphenol derived from therhizomesof Cur-
cuma spp., has been shown to prevent cancer in the
skin, fore-stomach, duodenum, and colon of miceand
inthetongue, colon, mammary glands, and sebaceous
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TABLE 1: Anti-tumor and Anti-oxidant activitiesof curcumin in different studied groups
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Parameter Group | Group 11 Group I11 Group IV
AFU (UIL) M=+SD 7.55+0.28 14.17+1.64 8.68+0.64** 9.17+0.72%*
%Change - e 35.29 38.74
MDA (nmol/mi) M+ S.D. 5.62+0.05 12.35+0.48 6.81+1.04%* 7.21+0.58%*
%Change - e 41.62 44.86
NO (umol/l) M+ S.D. 47.78+0.63 74.63+1.29 46.48+1.25%* 47.67+1.31%*
%Change - e 36.12 A7.67+1.31%*
GSH (mg/dl) M= S.D. 14.69+0.24 19.42+0.14 16.51+0.12%* 15.79+0.09**
%Change - e 18.69 14.98
GST (UIL) M= S.D. 26.07+0.72 39.67+2.45 26.44+1.56%* 22.44+1.01%*
%Change - e 43.43 33.35
TAC (mMIL) M+£S.D. 0.78+0.01 1.11+0.04 0.80+0.02** 0.81+0.02%*
%Change - e 27.03 27.93

The Significant difference: P < 0.01—high significant

P" < 0.05— significant

TABLE 2: Anti-clastogenic effectsof curcumin on thetotal chromosomal aberrationsinduced by diethylnitrosamineinrat

bonemarrow cellsin different studied groups.

Structural aberrations

Numerical aberrations

Examined Total ex. Cant R Total
groups cells  Break Gap Deletion a(ta?er:o cr:rnc? Dicentric Polyploidy Aneuploidy aberrations

Negative control 2 2 3 1 > 5 1 > 15
group 400 _ _ _ - _ — - _ B
% Change
Proosl'f"’e control wo 7O 40 40 55 25 30 20 15 295
group 97 95 925 8 92 93.3 95 86.7 24.9
% Change
P:g;’e”“"e o 10 18 7 2 00 2 4 1 44
group 8571 55 825 9636 100 9333 80 03.33 85.1
% Change
T:‘iape”t'c wo 8 7 3 4 2 0 1 2 27
group 8857 825 925 9273 92 100 95 86.66 90.85
% Change

The Significant difference: P < 0.01—high significant

glandsof rad?. Itiswel knownthat thesystemic avail-
ability of Curcuminisvery low after oral adminigtration,
because most of Curcuminismetabolizedintheintes-
tinéd?, Theanti-tumor effect of Curcumin hasbeen at-
tributed in part to the suppression of cell proliferation,
reduction of tumor load and induction of apoptosisin
various cancer models both in vitro and in vivo?.
Curcumininhibitsmultiplelevel swithin transcriptiona
network toredtrict cdll proliferation. Wefound amarked
significantincreasein AFU activity in DENA induced
HCC “group III” compared to negative control group
“I”. Anti-tumor effect of Curcumin/BS A showed a sig-
nificant decrease in the activity of AFU enzyme by
35.3% and 38.7% inthergpeutic and preventive groups,
respectively; compared to HCC group (p<0.05) as

P" < 0.05— significant

showninFigure(1). Inaddition, our resultsrevealed
that, Curcuminadminitration (200 mg/kgb.w; 5%6BSA,
|.P) decreasethe oxidative stressinduced by DENA in
HCC group; asillustrated in TABLE (1). Levels of
MDA, NO, GST, GSH, and TAC were significantly
decrease in therapeutic and preventive groups com-
pared to HCC group (41.6%, 44.8%; 36.1%, 37.7%
43.4%, 33.3%; 18.6%, 14.9%, and 27.0%, 27.9%,
p<0.01; respectively) as shown in Figure (2).
Diethylnitrosamine (DENA) has been suggested to
cause oxidative stress and cellular injury dueto en-
hanced formation of freeradical §*°. It ismetabolized
toitsreactiveethyl radicad metaboliteshat interact with
DNA causing mutation, whichlead to carcinogenesi §°1.
In hepato-carcinogenesis, fucosylation of some sugar
—,  BIOCHEMISTRY
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A: Photomicrograph of a metaphase spread prepared from the
bone marrow cells of ratstake DENA that induced HCC firstly,
and then take treatment showing normal count and shape of all

chromosomes.

7

’,‘,‘

».Q
r of

4
»® P*a
2he, \ .
1 Il

@

"

o "

“

Q"

L

B: Photomicrograph of a metaphase spread prepared from the
bone marrow cellsof ratstake curcumin followed by DENA that
induced HCC, and then take treatment showing a normal
count and shape.

Figure6: Photomicrogr aphsof ametaphase spread prepar ed
from thebonemarrow cellsof ratstreated with Curcumin
“Treated groups”. (A): Therapeuticgroup 11; B: Preventive
group IV.

proteinsincrease and thisincrease may lead tothe el -
evation of AFU activity®@. AsCurcumin has potential
inthe prevention and treatment of cancer’™, protects
from liver injury®.Curcuminisan effective scavenger
of freeradical s such as superoxideanion radicals, hy-
droxyl radicals and nitrogen dioxideradical §*. So,
Curcuminmay reducethetoxicity of heterocyclic aro-
matic amines; andinhibit theability of nitrosaminesto
causeliver cancer. Our resultsarein agreement with
Monicaet.al ., who concluded that Curcumin exerted
cell growth and apoptotic effectsto freeradicasgen-
eration in hepatic cancer cell line. Also, wearein ac-
cordanceto Priyadarsini et al.,* who found the anti-
oxidant activity of Curcuminthat inhibitlipid peroxidation
inrat liver. Chuang et al.,*® results’ indicate that
Curcumin effectively inhibits DENA induced
hepatocarcinogenesis, asaseries of intermediate bio-
logicad markersshowed aremarkableincreasein HCC

but, eating Curcumin containing diet reversed thelevels
tonormal values. Our biochemical findingswerefur-
ther supported by the histopathol ogica examination of
liver sections, whichillustrated thet liver tissueof DENA
treated rats showed damage, resulting in malignant cell
formation. Onthe contrary, liver tissuesof Curcumin
treated rats showed moreor lessnormal hepatic lobu-
lar architecture in both therapeutic and preventive
groups, asillustratedin Figure (3A, B, C,and D). Ad-
ministration of DENA produce high significantly chro-
mosomal aberrations 94.9% compared to control group
“I” as shown in Figure (4). The date revealed that, the
numerical aberrationsshowed up intheform of aneup-
loidy and polyploidy (86.7%, 95%, respectively). The
centromeric attenuation, endoredupli cation break, gap,
and deletion werethe most frequent typesof structura
chromosomal aberrations (98%, 97%, 95%, and 92%,
respectively), whileother types of damage came next
in descending values, ring and di centric chromosomes
(92% and 93.3%, respectively) asshowninFigure (5).
But Curcumin administration weekly before and after
HCC induction wassignificantly reduced the chromo-
somal aberrations (numerica and structurd) by 85.1%
and 90.8% in both therapeutic and preventive groups,
respectively, asshownin Figure(6). Thisreduction ef-
fect of Curcumin may be dueto the anti-mutagenic po-
tential that isrelated to anti-oxidant and anti-carcino-
genicactivity of Curcumin’®, Weagreed with I rulappan
and Natargjain®!, whofound thetotal number of aber-
rationswassignificantly reduced inroot tip cells pre-
trested with Curcumin.

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.

REFERENCES

[1] S.S.Thorgeirsson, J.W.Grisham; Molecular patho-
genesis of human hepatocellular carcinoma. Nat.
Genet., 31, 339-346 (2002).

[2] M.Shi,C.Q.Zhang, Y.Q.Zhang, X.M.Liang, J.Q.Li;

BIOCHEMISTRY  (mm—
A Indéan ﬂo«/md



BCAIJ, 8(2) 2014

Faten Zahran et al. 59

Micrometastasis of solitary hepatocellular carci-
noma and appropriate resection margin. W.J.
Gastroenterol, 28, 376-381 (2004).

[3] PChintana; Roleof Curcuminontumor Angiogensis
in Hepatocelluar Carcinoma. Naresuan University
Journal., 16(3), 239-245 (2008).

[4] J.Hong-Fang, L.Xue-Juan, Z.Hong-Yu; Natural
productsand drug discovery. EMBO Rep., 10, 194
200 (2009).

[5] J.Jang, C.Kay, C.You, C.Kim, S.Bae, J.Choi,
S.Yoon, C.Han, H.Jung, I.Choi; Simultaneous
multitarget irradiation using helical tomotherapy for
advanced hepatocd lular carcinomawith multiple ex-
trahepatic metastases. Int. J. Radiat. Oncol. Biol.
Phys., 74, 412418 (2009).

[6] A.Kane, l.Yang; Interferon-gammain brain tumor
immunotherapy. Neurosurg. Clin. N. Am., 21, 77—
86 (2010).

[7] A.B.Kunnumakkara, PAnand, B.B.Aggarwal;
Curcumininhibitsproliferation, invasion, angiogen-
esisand metastasis of different cancersthroughin-
teraction with multiple cell signaling proteins. Can-
cer Lett, 269, 199-225 (2008).

[8] A.B.Kunnumakkara, PDiagaradjane, S.Guhaet al;
Curcumin sensitizes human colorectal cancer xe-
nografts in nude mice to y-radiation by targeting
nuclear factor-kB-regulated gene products. Clin
Cancer Res, 14, 2128-36 (2008).

[9] A.B.Kunnumakkara, S.Guha, S.Krishnan,
P.Diagaradjane, J.Gelovani, B.B.Aggarwal;
Curcumin potentiates antitumor activity of
gemcitabine in an orthotopic model of pancreatic
cancer through suppression of proliferation, angio-
genesis, and inhibition of nuclear factor-kB-regu-
lated gene products. Cancer Res, 67, 3853-61,
(2007).

[10] S.Sivagurunathan, A.E.Natalie, T.M.Dominic,
W.S.George, Y.S.Yue, Z.0.Robert; Dietary
Curcumin Inhibits Chemotherapy-induced Apoptosis
in Models of Human Breast Cancer: cancer re-
search, 62, 3868-3875 (2002).

[11] B.B.Aggarwal, A.Kumar, A.C.Bharti; Anticancer
potential of curcumin; preclinical and clinica stud-
ies. Anticancer Res., 23, 363-398 (2003).

[12] A.L.Cheng, C.H.Hsu, JK.Linet a.; Phasel clini-
cal trial of curcumin, a chemopreventive agent, in
patientswith high-risk or pre-malignant lesions. An-
ticancer Res., 21, 2895-2900 (2001).

[13] R.I.Christopher, J.L.J.Donald, O.Samantha,
W.H.C.Michad, J.B.David, L.W.Marion, B.F.Peter,

—— Regdular Peper

P.S.William, J.GAndreas; Metabolism of the Can-
cer Chemopreventive Agent Curcumin in Human
and Rat Intestine. Cancer Epidemiology, Biomarkers
& Prevention., 11, 105-111 (2002).

[14] W.Q.Wolfgang; Differential solubility of
curcuminoidsin serumand abumin solutions: impli-
cationsfor analytical and therapeutic applications.
BMC Biotechnology, 8, 84 (2008).

[15] A.Barik, K.l.Priyadarsini, Mohan H.: Photophysical
studies on binding of curcumin to bovine serumal-
bumins. Photochem. Photobiol., 77, 597-603
(2003).

[16] S.PMitra; Binding and stability of Curcuminin Pres-
ence of Bovine Serum Albumin. J. Surface Sci.
Technol., 23(3-4), 91-110 (2007).

[17] P.Anand, A.B.Kunnumakkara, A.N.Robert,
B.B.Aggarwal; Bioavailability of Curcumin: Prob-
lemsand Promises. Molecular Pharmaceutics, 4(6),
807-818 (2007).

[18] J.L.Dezhong, B.Agneta, E.Peter, G.Jan-Ake,
P.H.Inger; Diethylnitrosamine Causes Pituitary
Damage, Disturbs Hormone Levels, and Reduces
Sexual Dimorphism of Certain Liver Functionsin
the Rat. Environmental Health Perspectives.,
109(9), 943-947 (2001).

[19] K.Zielke, S.Okada, J.S.02 Brien; Fucosidosis: di-
agnosis by serum assay of alpha-L-fucosidase. J
Lab Clin Med, 79, 164-169 (1972).

[20] Montgomery, J.F.Dymock; The determination of ni-
trite in water. Analyst, 86, 414- 416 (1961).

[21] K.Satoh; Serum Lipid Peroxidein cerebrovascular
disordersdetermined by anew col orimetric method.
Clinica ChimicaActa, 90, 37-43 (1978).

[22] E.Beutler, O.Duron, B.K€lly; Improved method for
the determination of blood glutathione.
J.Lab.Clin.Med., 61, 882-890 (1963).

[23] W.H.Habig, M.J.Pabst, W.B.Jakoby; Glutathione
Stransferases:. the first enzymatic step in mercap-
turicacid formation. J. Biol. Chem., 249, 7130-7139
(1974).

[24] D.Koracevic, G.Koracevic, V.Djordjevic,
S.Andrejevic, V.Cosic; Method for the measure-
ment of antioxidant activity in humanfluids. J. Clin.
Pathol ., 54, 356-361 (2001).

[25] R.J.Preston, B.J.Deen, S.Galloway, S.H.Holden,
A.FMc Fee, M.Shelby; Mammalian in vivo-cyto-
genetic assays. analysisof chromosome aberrations
inbonemarrow cells. Mut. Res., 21, 187-8 (1987).

[26] Levesque, R.SPSS.; Programming and Data Man-
agement: A Guidefor SPSSand SAS Users, Fourth

e, BIOCHEMISTRY
Au Tudian Yournal



60 Curcumin / BSA: New approach for hepatocellular carcinoma treatment

BCAIJ, 8(2) 2014

Regular Peper ===

Edition, SPSS Inc., Chicago Ill., (2007).

[27] N.N.Mahmoud, A.M.Carothers, D.Grunberger,
R.T.Bilinski, M.R.Churchill, C.Martucci,
H.L.Newmark, M.M.Bertagnolli; Plant phenolics
decrease intestinal tumors in an anima model of
familial adenomatous polyposis. Carcinogenesis
(Lond.), 21, 921-927 (2000).

[28] C.R.Ireson, D.J.L.Jones, S.Orr, M.W.H.Coughtrie,
D.Boocock, M.L.Williams, P.B.Farmer,
W.P.Steward, A.J.Gescher; Metabolism of the can-
cer chemopreventive agent curcuminin human and
rat intestine. Cancer Epidemiol Biomarkers Prev.,
11, 97-104 (2002).

[29] N.Dhillon, B.B.Aggarwal, R.A.Newman,
R.A.Wolff, A.B.Kunnumakkara, J.L.Abbruzzese,
C.S.Ng, V.Badmaev, R.Kurzrock; Phase Il tria of
curcuminin patientswith advanced pancreatic can-
cer. Clin Cancer Res, 14, 4491-4499 (2008).

[30] G.Ramakrishnan, H.R.Raghavendran,
R.Vinodhkumar, T.Devaki; Suppression of N-
nitrosodi ethylamineinduced hepatocarcinogenesis
by silymarinin rats. Chem. Biol. Interact., 161(2),
104-114 (2006).

[31] T.Chakraborty, A.Chatterjee, A.Rana,
D.Dhachinamoorthi, PA.Kumar, M.Chatterjee; Car-
cinogen-induced early molecular eventsand itsim-
plication in the initiation of chemical
hepatocarcinogenesisinrats: chemo-preventiverole
of vanadium on this process. Biochim. Biophys.
Acta, 1772(1), 48-59 (2007).

[32] M.Kenta, N.Katsuhisa, N.Takatoshi, A.Michio,
Y.Harumasa, T.Naoyuki, H.Norio, M.Eiji; A high
expression of GDP-fucose transporter in hepato-
cellular carcinomais a key factor for increasesin
fucosylation. Glycobiology, 17(12), 1311-1320
(2007).

[33] K.N.Devasent, V.P.M.Rgjasekaran; Bis-1, 7-(2-
hydroxyphenyl)-hepta-1, 6-diene-3, 5-dione (a
curcumin andog) ameliorates DMH-inducedhepatic
oxidatives stress during colon carcinogenesis.
Pharmacol.Res., 46, 39-45 (2002).

[34] T.Morikawa, H.Matsuda, K.Ninomiya,
M.Yoshikawa; Medicinal foodstuffs. X XIX. Potent
protective effects of sesquiterpenes and curcumin
from Zedoariae Rhizoma on liver injury induced
byD-gal actosamine/lipopol ysaccharide or tumor
necrosisfactor-alpha. Biol Pharm Bull, 25, 627-631
(2002).

[35] R.Motterlini, R.Foresti, R.Bassi, C.J.Green;
Curcumin, an antioxidant and anti-inflammatory
agent, induces heme oxygenase-1 Andprotects en-
dothelial cells against oxidative stress. Free Radi-
cal Biology and Medicine., 28(8), 1303-1312
(2000).

[36] N.Monica, P.Paola, P.Daniela, D.Luisa,
C.Melchiorre, D.Natale; Antitumor effects of
curcumin, alone or in combination with cisplatin or
doxorubicin, on human hepatic cancer cells: Analy-
sisof their possible relationship to changesin NF-
kB activation levels and in AP gene expression.
Cancer Letters, 224(1), 53-65 (2005).

[37] K.l.Priyadarsini, D.L.Maity, GH.Naik, SM.Kumar,
M.K.Unnkrishnnan, J.G Satava, H.Mohan, Rol e of
phenolic O-H and methylene hydrogen on the free
radical reactions and antioxidant activity of
curcumin. Free. Rad. Biol. Med., 35(5), 475-484
(2003).

[38] S.E.Chuang, M.L.Kuo, C.H.Hsu, C.R.Chen,
J.K.Lin, GM.Lai, C.Y.Hsieh, A.L.Cheng;
Curcumin-contai ning diet inhibitsdiethyl nitrosamine-
induced murine hepatocarcinogenesis. Carcinogen-
esis., 21(2), 331-5 (2000).

[39] S.Yogeshwer, A.Annu, T.Pankaj; Anti-mutagenic
potential of curcumin on chromosomal aberrations
in Wistar rats. Mutation Research, 515, 197-202
(2002).

[40] R.Irulappan, PNatarajan; Antimutagenic potential
of curcumin on chromosomal aberrationsinAllium
cepa. JZhegjiang Univ Sci B, 8(7), 470-475 (2007).

BIOCHEMISTRY  (mm—
A Indéan ﬂo«/md



