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ABSRACT

      Drug resistance during tumor progression is a true problem as this is 
the major reason for the failure of breast cancer therapy. High constitutive 
activation of nuclear factor kappa B ( NF-kB) has been found in different 
cancers, creating an environment conducive for chemotherapeutic 
resistance. Curcumin, one of the most studied chemo preventive agents, is 
a natural compound extracted from Curcuma longa L. that allows 
suppression, retardation or inversion of carcinogenesis. Doxorubicin 
(DOX) is a drug that is widely used for the treatment of a variety of 
cancers including breast and liver cancers. This study aims to investigate 
the effect of combination of curcumin with doxorubicin in breast cancer 
treatment and provide a new suitable method to overcome cancer 
resistance. Results: We found that administration of curcumin (200mg/kg 
b.w.) with doxorubicin (1.25 mg/kg b.w.) results in disappearance of tumor 
cells (EAC) and results in highly significance decrease of NF-kB. An anti-
oxidant effect of curcumin in vivo was observed; our results investigate a 
significant increase in antioxidant enzymes.. Conclusion: Curcumin has a 
strong inhibitory activity against tumors. The combination of curcumin 
with doxorubicin resulted in a synergistic antitumor activity. These results 
suggest that curcumin can be developed into an adjuvant 
chemotherapeutic drug to overcome drug resistance of cancer.
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INTRODUCTION

        Cancer is clearly a worldwide problem. The incidence and mortality 
rates for various cancers are similar, though not identical, among developed 
countries. Cancer is a leading cause of death (1). Recent reports suggest that 
globally, in the year 2008, 12.7 million new cancer cases and 7.6 million 
cancer deaths occurred (2). The etiology of breast cancer is multi-factorial. 
Hormonal, genetic, and environmental factors appear to interplay in the 
pathogenesis of breast cancer(3). Breast cancer is caused by the uncontrolled 
proliferation of breast cells which is happened because of their ability to 
avoid apoptotic mechanism(4).Though chemotherapy plays an important role 
in the treatment of breast cancer, the high-percentage of non-responders and 
of failures following initial responses highlights the critical role played by 
drug resistance mechanisms in breast cancer management(5). 
Mechanistically, the resistance phenomena may be explained by (i) mutation 
or over-expression of drug target proteins, and/or (ii) inactivation of drugs by
a reduction in uptake or enhanced detoxification and removal of drugs(6). It 
is, therefore, essential that new therapeutic options are needed for cancer 
therapy with attention to toxicity and side effects, besides the major 
treatment modalities including surgery, immunotherapy and radiotherapy 
(7,8). Experimental tumors have great importance for the purposes of 
modeling, and Ehrlich ascites carcinoma (EAC) is one of the commonest. It 
appeared firstly as a spontaneous breast cancer in a female mouse, EAC is
referred to as an undifferentiated carcinoma and is originally hyper diploid, 
has high transplantable capability, no-regression, rapid proliferation, shorter 
life span, 100% malignancy and also does not have tumor-specific 
transplantation antigen (TSTA). Frequently, tumor virulence increases via 
repetitious passages, while the proliferating rate of such tumors increases 
gradually(9). However, the differentiation gradually disappears, while the 
cells get free growth control mechanisms, gain hetero-transplant ability and 
in the end, they are converted to the ascites’ form. EAC resembles human 
tumors which are the most sensitive to chemotherapy due to the fact that 
they are undifferentiated and that they have a rapid growth rate (10). 
Carcinogenesis is a formation proceeding through at least three different 
stages including initiation, promotion, and progression, ROS can stimulate 
carcinogenesis by acting at all three stages. (11).Oxidative stress is defined as 
an imbalance between production of Free radicals and reactive metabolites, 
so-called oxidants or reactive Oxygen species (ROS), and their elimination 
by protective mechanisms, referred to as antioxidants. This imbalance leads 
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to damage of important bio-molecules and cells, with potential impact on the 
whole organism(12). Curcumin (1,7-bis(4-hydroxy 3-methoxy phenyl)-1,6-
heptadiene-3,5-dione) is a phenolic compound extracted from the rhizome of 
Curcuma longa L. (family Zingiberacae) and it is commonly used in the 
Asian continent, especially in India, as a spice to make food colored and 
flavored. Furthermore, traditional Indian medicine has considered curcumin 
a drug effective on several disorders including anorexia, coryza, cough, 
hepatic diseases, and sinusitis(13). In both in vitro and animal studies, 
curcumin has shown antitumor (14),antioxidant, antiarthritic, antiamyloid, 
anti-ischemic and anti-inflammatory properties(15). Doxorubicin, an 
anthracycline antibiotic, is one of the commonly prescribed 
chemotherapeutic agents against a wide-spectrum of cancers including breast 
cancer(16).However, the clinical efficacy and usefulness of doxorubicin-based 
treatment regimens is still limited because of dose-limiting toxicity and 
induction of drug resistance(17). Resistance to the apoptotic effect of 
doxorubicin is speculated to be multi-factorial, involving the activation of 
nuclear factor kB in cancer cells(18). NF_kB a transcription factor protein 
complex, is found in nearly all animal cell types(19).It regulates the 
expression of a host genes involved in inflammation, cellular proliferation 
and cell survival (20). Incorrect regulation of NF_κB has been linked to 
inflammatory and autoimmune diseases, septic shock, viral infection and 
improper immune development(21).

MATERIALS & METHODS

Animals: Seventy Adult Female Swiss albino mice of 8 weeks of 
age, weighed 20 to 25 g body weight were used in this study, and were 
purchased from breeding unit of the Egyptian Stock Holding Company for 
Biological Products of Vaccines. the animals were  raised at the 
experimental animal house of the faculty of Science, Zagazig University. 
The animals were maintained in controlled environment of temperature, 
humidity and light. They were fed on a commercial standard diet and ad-
libitum water.

Tumors Ehrlich ascites carcinoma (EAC) was initially supplied by 
the National Cancer Institute, Cairo, Egypt, and maintained in female 
Swiss albino mice through serial intraperitoneal (I.P) inoculation at 8 or 10 
day intervals in our laboratory in an ascites form.
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Curcumin : Curcuminoids C3 complex capsules (95%) were 
purchased from America's Finest, Inc. (USA). Bioperine was added to 
curcumin in order to increase its bioavailability. Curcumin powder 
(400mg/Kg) was dissolved in saline.

Bioperine: is a standardized extract from the fruits of Piper nigrum L. 
(black pepper) or Piper longum L. (long pepper). It contains a minimum 
piperine content of 95% compared to the 3-9% and 3-5% found in raw forms 
of Piper nigrum and Piper longum, respectively. BioPerine was found to 
enhance absorption of curcumin.

Doxorubicin: It also known as (hydroxy daunorubicin) is a drug used 
in cancer chemotherapy. It is an anthracycline antibiotic, closely related to 
the natural product daunomycin, and like all anthracyclines, it works by 
intercalating DNA. Dox.Was purchased from pharmacy. This drug (2.5 
mg/Kg b.w.) was dissolved in saline.

Experimental design:To determine the combinatorial therapeutic 
efficacy of curcumin and doxorubicin, 2.5x106 (EAC) cells were 
intraperitonially injected in mice and cancer cells were allowed to grow up to 
7 days. Then the mice were divided in to seven groups (10 mice in each 
group) and treated as follows: Group 1, received a  saline solution by I.P. 
injection  represented as negative control(C-) group, Group 2, received EAC 
cells (2.5×106 cells/mouse) by I.P. injection for 10 days served as positive 
control(C+) group. Group 3,injected I.P. with EAC (2.5×106 cells/mouse), 
then after 7 days, mice were injected IP with Doxorubicin (2.5 mg/Kg b.w.) 
once a week for 3 weeks, represented as Doxorubicin (C+&Dox.) group, 
Group 4, injected I.P. with EAC (2.5×106 cells/mouse), then after 7 
days,mice were orally treated with curcumin(400 mg/Kg b.w.) day after day 
up to 21 days., represented as therapeutic (C+&Cur.)group,Group 5,orally 
treated with Curcumin(400mg/Kg b.w.) twice weekly for 2 weeks before 
EAC inoculations , then after 7 days of EAC inoculations, Followed by 
orally treatment with Curcumin day after day up to 21 days, represented as 
preventive (Cont-Cur.)group, Group 6,injected I.P. with EAC (2.5×106

cells/mouse),then after 7 days, followed by IP injection of 
Doxorubicin(1.25mg/Kg b.w.), then after 7 days ,mice orally treated with 
curcumin(200 mg/Kg b.w.) day after day up to 21 days, represented as 
Combination Therapeutic (C+&Dox+Cur.) group. Group7,treated orally 
with Curcumin (200mg/Kg b.w.) twice weekly for 2 weeks before EAC 
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inoculations ,then after 7 days of EAC inoculations, followed by IP injection 
of Doxorubicin (1.25mg/Kg b.w.), then after 7 days, mice orally treated with 
curcumin (200 mg/Kg b.w.) day after day up to 21 days, represented as 
Preventive-combined therapy (Cont-Dox&Cur.) group. Mice of seven 
groups were maintained under the same conditions and were carefully 
observed to the end of experiment. After the experiment, blood samples, 
liver tissue and EAC cells were collected from mice for determination of 
antioxidant enzymes assays, liver enzymes assays, kidney function tests, NF-
kB assay, cytological study and histopathological studies.

Cell Viability and Counting of EAC cells:

         the viability of EAC cells was determined by the Trypan Blue 
Exclusion Method (22). where the total and viable cells (non-stained) were 
counted in thomacytometer at magnification ×40; as the number of cells/ml 
was determined in the studied groups.
Antioxidant Enzymes Assays:

I) Estimation of Superoxide Dismutase (SOD) in liver: it was determined 
according to the method of Nishikimi et al(23).

II) Estimation of catalase activity in liver: Determination of liver catalase 
activity was assayed according to the method of Aebi(24).

III)Estimation of Glutathione Peroxidase (GPx) activity in liver: it was 
determined by according to the method of Paglia and Valentine(25).

Liver Enzymes Assays:

Determination of Transaminases: Serum samples were screened for liver 
function enzymes are Alanine Transferase (ALT) and Aspartate Transferase 
(AST).both enzymes are determined according to the method of Reitman and 
Frankel(26).

Kidney Function Assays:

I)Determination of serum Creatinine :- it was determined according to the 
method of Bartles et al(27).

II) Determination of serum Urea:-it was determined according to the 
method of Fawcett and Soctt(28).
Estimation of NF-kB in Nuclear Extract: Nuclear factor-kB p50/65 DNA-
binding activity in nuclear extracts of hepatic tissue samples was evaluated 
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to measure the degree of NF-kB activation. Analysis was performed 
according to the method of Adams (29).

Cytological Study of EAC cells: It was determined according to the method 
of Amer.(30).

Histopathological Studies: It was determined according to the method of 
Culling (31).

Statistical Analysis: All results were analyzed by SPSS software (version 
14)(32). Data were expressed as mean ± SD. The student’s t test was used for 
statistical analysis of differences between each two groups. Comparison of 
mean values of studied variables among different groups was done using 
ANOVA test. P<0.01 was considered to be significant.

RESULTS

Effect of Doxorubicin and Curcumin on the viability and counting 
of EAC cells: 

Table (1) summarizes the effect of Doxorubicin as chemotherapeutic 
drug and curcumin as chemo-preventive natural product; where Doxorubicin 
administration results in a very highly significant reduction of EAC growth 
in vivo; indicating decrease in the volume of EAC by 73.2% in C+&Dox. 
Group compared to positive control group as shown in Fig. (1a); and a 
significant decrease in the count of EAC by90.67 % in C+&Dox. Group 
compared to positive control group as shown in Fig. (1b)., while Curcumin 
administration results in a very highly significant decrease in the volume of 
EAC by61.5% and 70.94%in the  therapeutic and preventive groups, 
respectively; compared to positive control group; as shown in Fig. (1a); and 
a very highly significant decrease in the count of EAC by 76.42%and 
86.43%in the therapeutic and preventive groups, respectively; compared to 
positive control (p<0.001); as shown in Fig. (1b).
While in both group 6 (Combination Therapeutic (C+&Dox+Cur.) and group 
7(Preventive-combined therapy (Cont-Dox&Cur.),the administration of 
doxorubicin with curcumin results in completely disappearance of EAC cells 
thus mice in these two groups are recovered from tumor with this combined 
treatment.
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Table (1): Effect of Curcumin on the volume and count of EAC in the studied 
groups:

Parameter Group 2 Group 3 Group 4 Group 5
Volume of 
Ascitis 
Fluid (ml)

7.95***0.72 2.13***0.24 3.06***0.46 2.31***
0.49

Count of 
EAC cells (   
×106)

141.54***9.3 13.2*** 1.84 33.37*** 3.95 19.2***
3.24

 Numerical data were expressed as mean  SD. Preventive and 
therapeutic groups were compared to positive control group.

 *P value <0.05 was considered significant. ** P value <0.01 was 
considered highly significant.

 *** P value <0.001 was considered very highly significant. N.S. P 
value > 0.05 was considered non significant.

Effect of Doxorubicin and Curcumin on NF-kB Concentration
Table (2) summarizes the results of activity of NF-kB in liver among seven 
groups of animals. It was found that there was very highly significant 
increase in level of NF-kB in group 2 compared to group 1 [1.7210.04483 
(mg/ml) vs. 0.201  0.01792 (mg/ml) respectively] (P<0.001). Doxorubicin 
drug has low effect on NF_kB as it results in small decrease of NF-kB level 
in group 3 by 26.2% only. But Curcumin has more effect as it results in 
highly a significant decrease of   NF-kB level in group 4 and group 5 by 
33.29% & 47% respectively. But the combination of curcumin with 

Fig. (1a): Effect of Curcumin on the 
volume of EAC in studied groups              

Fig. (1b): Effect of Curcumin on the 
count of EAC in studied groups              
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Doxorubicin gives highly great results in treatment of cancer as this 
combination can overcome on cancer resistance asit results in highly a 
significant decrease of   NF-kB level in group 6 and in group 7 by 76.58% 
&80.99% respectively as represented in Fig. (2).

Parameter Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7

NF_kB

0.201***
0.018

1.721***
0.045

1.27***
0.03899

1.148***
0.038

0.912***
0.0729

0.403***
0.022

0.327***
0.0302

 *P value <0.05 was considered significant. ** P value <0.01 was 
considered highly significant.

*** P value <0.001 was considered very highly significant. N.S. P value > 
0.05 was considered non significant.

Effect of Doxorubicin and Curcumin on Activity of SOD, GPx and 
Catalase in liver
Table (3) summarize the results of activity of liver SOD, GPx and Catalase 
among the seven groups of animals. In mice groups, there was a very highly 
significant decrease in SOD, GPx and Catalase levels in group II compared 
to group I [373.01 9.6641( U/gm tissue) vs. 7668.5375(U/gm tissue) and 

Fig. (2): Effect of Curcumin and Dox. on Concentration of NF-kB  in
Studied  groups
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530.26 42.921(U/gm tissue) vs. 2916.5 73.197(U/gm tissue);and 1.694
0.0631vs.9.034 0.1628(U/gm tissue)  respectively] (P<0.001). Doxorubicin 
drug has been shown to exhibit antioxidant effect; as it results in highly 
significant increase of  SOD, GPx and Catalase levels in group 3 by 67.15% 
,328.07%and 252.5%,respectively. Also Curcumin has been shown to exhibit 
antioxidant activity; as it results in highly a significant increase of   SOD, 
GPx and Catalase level in group 4 by36.09%, 226.33%&139.17% 
respectively and in group 5 by 59.67%, 253.02%&193.92% respectively. But 
the combination of curcumin with Doxorubicin gives highly great results in 
treatment of cancer as this combination shows highly antioxidant activity 
and it results in highly a significant increase of   SOD, GPx and Catalase 
levels in group 6 by72.19%, 366.67%&366.67% respectively and in group 7 
by 75.43%, 415.72% &374.71% respectively as represented in Fig. (3).

Table (3): Effect of Curcumin and Dox. on activity of antioxidant enzymes in the 
studied groups:

Parameter SOD Catalase GPx
Group 1 766***

8.5375
2916.5***
 73.197

9.034***
 0.1628

Group 2 373.01***
 9.6641

530.26***
 42.921

1.694***
 0.0631

Group 3 623.5***
12.341

2270***
 57.2398

5.97167***
 0.07167

Group 4 507.65***
 6.1032

1730.39***
43.08099

4.052***
 0.1139

Group5 595.59***
14.25253

1871.9***
 48.6821

4.979***
 0.07564

Group 6 642.3***
13.7279

2556.89***
 33.87613

7.905***
0.09846

Group 7 654.39***
11.10099

2733.07***
 63.3028

8.042***
0.1043285

 *P value <0.05 was considered significant. ** P value <0.01 was 
considered highly significant.

*** P value <0.001 was considered very highly significant. N.S. P value > 
0.05 was considered non significant



Therapeutic Effects Of Curcumin

74

  

Fig. (3 a ): Effect of Curcumin and Dox. On SOD activity in Studied groups

Fig. (3 b ): Effect of Curcumin and Dox. On GPx activity in Studied groups

Fig. (3 c ): Effect of Curcumin and Dox. On Catalase activity in Studied groups
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Effect of Doxorubicin and Curcumin on Activity of liver enzymes
It was found that in group 2, there was a very highly increase in 
concentration of liver enzymes (AlT&AST) compared to group 1 [143.2 
7.46548 (U/ml) vs.9.2 2.97396(U/ml), and 165.6.65415 (U/ml) vs. 10.6 
2.06559(U/ml) respectively] (P<0.001). using of Doxorubicin drug lead to 
damage of liver; as it results in a very highly increase of   ALT & AST level 
in group 3compared to group 1 [161.167  7.70498 (U/ml) vs. 9.2 
2.97396(U/ml), and172.3 6.40833 (U/ml) vs. 10.6 2.06559(U/ml) 
respectively] (P<0.001).. But Curcumin has been shown to improve liver 
state; as it results in a highly significant decrease of   ALT &AST level in 
group 4 by75.62%&80.06%respectively and in group 5 by 
82.82%&86.35%respectively. But the combination of curcumin with 
Doxorubicin gives highly great results of liver enzymes like negative control 
group, as this combination results in highly significant decrease of   ALT & 
AST level in group 6 by91.13%&91.6%respectivelyand in group 7 by 
91.15%&93.71%respectively as represented in table( 4) and figure (4).

Table (4): Effect of Curcumin and Dox. on activity of liver enzymes in the studied 
groups:

Parameter ALT AST
Group 1 9.2***2.97396 10.6***2.06559
Group 2 143.2***7.46548 165.5***6.65415
Group 3 161.167*** 7.70498 172.3***6.40833
Group 4 34.9*** 6.48845 33***4.16333
Group5 24.6***  5.54176 22.6***3.71782
Group 6 12.7*** 1.33749 13.9***1.19722
Group 7 12.1*** 1.72884 10.4***1.83787

 *P value <0.05 was considered significant. ** P value <0.01 was 
considered highly significant.

*** P value <0.001 was considered very highly significant. N.S. P value > 
0.05 was considered non significant
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Fig. (4 ): Effect of Curcumin and Dox. On liver enzymes in Studied groups

Effect of Doxorubicin and Curcumin on kidney function
It was found that in group 2 ,there was a very highly increase in 

concentration of creatinine& urea compared to group 1 [6.22 0.2718 
(mg/dL) vs. 0.5120.04756 (mg/dL), and 120.77  6.45016 (mg/dL) vs. 
17.42  2.16169(mg/dL) respectively] (P<0.001).the using of  Doxorubicin 
drug results in a very highly increase of   concentration of creatinine& urea 
in group 3compared to group 1 [5.748 0.25879 (mg/dL) vs. 0.512 
0.04756(mg/dL), and101.88  5.91622(mg/dL) vs. 17.42 
2.16169(mg/dL) respectively] (P<0.001).. But Curcumin has not any adverse 
effect on kidney as it results in a highly significant decrease concentration of 
creatinine& urea in group 4 by87.33%&67%respectively and in group 5 by 
90.15%&74.48%respectively. But the combination of curcumin with 
Doxorubicin gives highly great results like negative control group, as this 
combination results in highly a significant decrease in concentration of 
creatinine& urea in group 6 by 91.26%&83.37%respectivelyand in group 7 
by 91.39%&84.33%respectively as represented in table (5).
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Table (4): Effect of Curcumin and Dox. on activity of liver enzymes in the studied 
groups:

Parameter Creatinine Urea
Group 1 0.512***0.04756 17.42***2.16169
Group 2 6.22*** 0.2718 120.77*** 6.45016
Group 3 5.748***0.25879 101.88*** 5.91622
Group 4 0.788***0.088794 39.85*** 4.28518
Group5 0.613***0.048086 30.81*** 4.01039
Group 6 0.544***0.049486 20.08*** 1.75106
Group 7 0.535*** 0.052334 18.92*** 3.21414

 *P value <0.05 was considered significant. ** P value <0.01 was 
considered highly significant.

*** P value <0.001 was considered very highly significant. N.S. P value > 
0.05 was considered non significant.

Fig. (5a ): Effect of Curcumin and Dox.Level of creatinine in Studied groups
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Fig. (5b): Effect of Curcumin and Dox.Level of urea in mice groups

Cytological Studies of EAC in different groups:
Cytological studies using Giemsa staining methods revealed that, 

Curcumin induces a significant decrease in mitotic cells in EAC compared to 
the increase in number of mitotic cells in positive control. The number of 
apoptotic cells was high in the groups treated with Curcumin “preventive and 
therapeutic groups”; as illustrated in Fig (5 a, b, and c), respectively. Also 
Doxorubicin induces a significant decrease in mitotic cells in EAC more than 
Curcumin, compared to the increase in number of mitotic cells in positive 
control.As illustrated in Fig (6 a, b, c and d), respectively. While in both 
groups 6 &7 the combination treatment results in completely disappearance
of EAC cells(Tumor cells). 

Ap
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L

Ap

LAp
Ap

AP

Fig.(6a):photomicrographs of EAC 
cells of positive control group

Fig.(6b):Photomicrographs of  EAC 
cells of Therapeutic group(L= life cell; 
Ap=Apoptotic cell)
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Histopathological Studies of liver in different groups:
Histopathological Studies using hematoxylin and eosin (H & E) 

solution revealed that negative control mice liver showing normal blood 
vessel and normal nucleus and hepatocytes are radiating outward from a 
central vein in the center as presented in Fig. (7a). Positive control mice liver 
showing cellular inflammatory infiltration, congestion in blood vessels, 
hyperchromatinea, nuclear hypertrophy, debris in the central vein, 
hemorrhage and wide sinusoids as presented in Fig. (7b). Interestingly, 
treatment with doxorubicin results in most of the cellular inflammatory 
infiltration, congestion in blood vessels, hyperchromatinea, nuclear 
hypertrophy, debris in the central vein ,hemorrhage and wide sinusoids as 
presented in Fig. (7c).interestingly, treatment with curcumin reduced most of 
the pathological alterations induced by EAC cells in mice.   As for the 
therapeutic mice group liver shows enhancement in the histology of the liver 
the cytoplasmic degeneration have been reduced, mild cellular inflammatory 
infiltration and the nuclei of hepatic cells are better as shown in Fig. (7d). 
While for preventive mice group, as a whole, the liver tissue showed a 
normal appearance to a large extent as reflected by normal array of the 
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Fig.(6c): Photomicrographs of  EAC 
cells  of  Preventive group (group 5). 
(L= life cell; Ap=Apoptotic cell)

Fig.(6d): Figfig.(6d): Photomicrographs of  EAC
cells of doxorubicin treated group(  group 3) 
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hepatic cords radiating from the central vein, there is no appearance of 
cellular inflammatory infiltration, the cytoplasm is intact with normal 
eosinophelia and the nuclei is similar to control ones with usual 
chromatinophelia as shown in Fig. (7e). Moreover, treatment with 
combination of doxorubicin with curcumin completely reduced most of the 
pathological alterations induced by EAC cells in mice as livers of both group 
6 & group 7 are showingnormal blood vessel and normal nucleus and 
hepatocytes are radiating outward from a central vein in the center as 
presented in Fig.(7f & 7g)

Figure (7a) Negative control group:  
Normal blood vessel and normal nucleus 
and hepatocytes are radiating outward 
from a central vein in the center, Hx& E 
X 200

Figure (7b) Positive control group: Cellular 
inflammatory infiltration, congestion in 
blood vessels, hyperchromatinea, and 
nuclear hypertrophy, debris in the central 
vein, haemorrhage and wide sinusoids. 
Hx& E X 200. 

Figure (7c) doxorubicin treated group 
(group 3): Cellular inflammatory 
infiltration, congestion in blood vessels, 
hyperchromatinea, and nuclear 
hypertrophy, debris in the central vein, 
haemorrhage and wide sinusoids. Hx&E 

Figure (7d): Therapeutic group (group 4): 
Cytoplasmic degeneration have been 
reduced,  mild cellular inflammatory 
infiltration and the nuclei of hepatic cells 
are better, Hx& E X 200.  
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Figure (7e): Preventive group (group 5): 
Normal array of the hepatic cords 

radiating from the central vein, there 
isno appearance of cellular 
inflammatory infiltration ,the cytoplasm 
isintact with normal eosinophelia and 
the nuclei is similar to control ones with 
usual chromatinophelia, Hx& E X 200

Figure (7f) treated combination group( group 6): 

Nearly normal blood vessel and normal nucleus 

and hepatocytes are radiating outward from a 

central vein in the center, Hx& E X 200.

Figure (7g) preventive combination group (group 

7):  Normal blood vessel and normal nucleus and 

hepatocytes are radiating outward from a central 

vein in the center, Hx& E X 200.
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DISCUSSION

     Cancer, a group of diseases characterized by uncontrolled growth and 
spread of abnormal cells, is a major public health problem in the United 
States and many other parts of the world(33). It is, therefore, essential that new 
therapeutic options are needed for cancer therapy with attention to toxicity 
and side effects, besides the major   treatment modalities including surgery, 
immunotherapy and radiotherapy(34). Drug resistance is a major cause of 
relapse and the incurability of cancer. The management of cancer involves 
procedures, which include surgery, radiotherapy, and chemotherapy. 
Development of chemo-resistance is a persistent problem during the 
treatment of local and disseminated disease .An accumulating body of 
evidence suggests that constitutive activation of the NF_kB pathway can 
contribute to cancer development, progression and resistance to cancer 
therapy(35).Therefore, inhibition of the NF_kB defense pathway has the
potential to increase the therapeutic index of doxorubicin. In this regard 
NF_kB inhibitors may emerge as the most promising anti-tumor agents and 
novel tumor sensitizers for doxorubicin(25). It is well known that the systemic 
availability of Curcumin is very low after oral administration, because most 
of Curcumin is metabolized in the intestine (36). Bioperine is a pepper extract 
that increases the absorption of nutrient supplements. The medicinal 
properties of curcumin obtained from Curcuma longaL. cannot be utilized 
because of poor bioavailability due to its rapid metabolism in the liver and 
intestinal wall. In this study, the effect of combining piperine, a known 
inhibitor of hepatic and intestinal glucuronidation, was evaluated on the 
bioavailability of curcumin. Thus Bioperine is co-administrated with 
curcumin in order to increase its bioavailability (37). So Curcumin powder 
(400mg/Kg) is dissolved in saline and give orally to mice by gavage tube. 
Our results revealed that, doxorubicin decrease the volume of EAC 
significantly in doxorubicin-treated group (group 3) by 73.2%, Also, it 
reduces the count of EAC cells significantly in this group by 90.67%, and 
inhibit NF_kB by 26.2% compared to positive control group (bearing EAC), 
.While the treatment with curcumin results in decrease the volume of EAC 
significantly in the therapeutic(group 4) and preventive group (group 5) by 
61.5% and 70.94 %, respectively. Also, it reduces the count of EAC cells 
significantly in both groups by 76.42% and 86.43 %, respectively, and 
inhibits NF_kB in both groups by 33.29% and 47%,respectively, compared 
to positive control group (bearing EAC). But the combinational therapy of 
doxorubicin with curcumin results in completely disappearance of EAC cells 
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(tumor cells) in group 6 & group 7, also this combined therapy results in 
inhibition of  NF_kB in both groups by 76.58% and 80.99%,respectively,  
compared to positive control group (bearing EAC).The anti-tumor effect of 
Curcumin has been attributed in part to the suppression of cell proliferation, 
reduction of tumor load and induction of apoptosis in various cancer models 
both in vitro and in vivo(38).Curcumin may also operate through the 
suppression of NF-kB activation, where this factor required for the 
expression of genes involved in cell proliferation, cell invasion, metastasis, 
angiogenesis, and resistance to chemotherapy(39). The regulatory contribution 
of NF_kB and p53 to cancer development and progression is well 
documented  where inactivation of p53 and hyper-activation of NF-kB are 
the common occurrences(39). Likewise there are studies reporting that NF-kB, 
being induced in drug-treated resistant cells, interfered with p53 functions by 
p300 sequestration. Inhibition of NF_kB by curcumin or IκBα super 
repressor or SMAR1-shRNA rescued p300 from NF_kB/clutch to restrain 
the resistance pathway. Consistently there are studies reporting that NF_kB 
has a high‐ affinity for p300 that may lead to its sequestration thereby 
making it unavailable to other transcription factors(40). Anti-oxidant effect of 
Curcumin showed a very highly significant increase in SOD level by 
(36.09% and 59.67%; respectively, p<0.001); and increase in catalase level 
by (139.17% and 193.92%; respectively, p<0.001) and increase in GPx level 
by(226.33% and 253.02%,respectively, p<0.001) in group 4 and group 5 
compared to EAC group, While doxorubicin showed a very highly 
significant increase in SOD level by (67.15%, p<0.001); and increase in 
catalase level by (252.5%, p<0.001) and increase in GPx level by(328.07%, 
p<0.001) in group 3 compared to EAC group .On the other hand, the 
combinational therapy of doxorubicin with curcumin showed a very highly 
significant increase in SOD level by (72.19%and 75.43%; respectively, 
p<0.001); and increase in catalase level by (366.67%and 
374.71%,respectively, p<0.001) and increase in GPx level by(382.18%% 
and 415.72% , respectively, p<0.001) in group 6 and group 7 compared to 
EAC group. Curcumin was found to be a very potent anti-oxidant. As, the 
phenolic (-OH) plays a major role in the anti-oxidant activity of curcumin(41). 
Curcumin has also been shown to quench reactive oxygen species and 
scavenge superoxide anion radicals and hydroxyl radicals and strongly 
inhibits NO production by down-regulating inducible nitric oxide synthase 
gene expression(42). Curcumin inhibit free radical generation and act as free 
radical scavengers and antioxidants, inhibiting lipid per-oxidation and 
oxidative DNA damage, with abilities to inhibit activation of NF-kB(43). As 
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Curcumin can induce apoptosis by different mechanisms, such as, by 
inhibiting the expression of the anti-apoptotic genes bcl-2 and bcl-xL, by 
inhibiting AP-1 and NF-kB transcription factors(44). Physiologically bcl-2 
protein blocks the apoptotic process by inhibiting the release of cytochrome 
C from mitochondria whereas it locates at the cytoplasmic surface of the 
mitochondrial membrane (45). In fact, results of liver enzymes, kidney 
function tests and histopathological studies indicate that tumor itself as well 
as doxorubicin induced severe immunosuppression, increased liver toxicity 
and caused cardiovascular injury. Previous reports describing that this 
photochemical can protect the host immune system from the toxicity 
rendered by the anticancer drug in tumor-bearer. Our results showing 
hepatoprotective effect of curcumin were supported by the study of Chuang 
et al(46).who showed that curcumin-containing diet inhibits murine 
hepatocarcinogenesis. Curcumin has also been shown to prevent alcohol-
induced liver disease in rats by inhibiting the expression of NF-kB-
dependent genes(47).At the same time curcumin inhibited endotoxin mediated 
activation of NF_kB and suppressed the expression of cytokines, 
chemokines, COX-2, and iNOS in Kupffer cells.Apart from immuno-toxicity 
and liver damage, curcumin also protected cardiac tissue from doxorubicin-
induced toxicity(48).Cytogenetic study of EAC in mice groups indicates that, 
curcumin and doxorubicin induce apoptosis. Staining methods revealed a 
significant increase in number of mitotic cells in EAC untreated group 
(positive control) (Fig. 6 a). Curcumin induces significant decrease in mitotic 
cells in EAC (treated groups) as illustrated in Fig. (6d) and 6e).Doxorubicin 
induces a highly significant decrease in mitotic cells in EAC (group 3)as 
illustrated in fig.(6c).But the Combinational treatment of 
curcumin/Doxorubicin results in completely disappearance of EAC cells 
(tumor cells).  Holy (49)reported disruption of mitotic spindle structure and 
induction of micro-nucleation in human breast cancer cells by curcumin 
“yellow pigment”. 

These observation of curcumin sensitizing doxorubicin-resistant 
ascites carcinoma cells, emphasizes that curcumin in combination with 
doxorubicin can be used as an effective treatment strategy to reverse breast 
cancer drug resistance. Consistently curcumin has been reported to increase 
the efficacy of doxorubicin by modulating the function of the multidrug 
resistance linked ATP-binding cassette transporter ABCG2(73).and to 
sensitize glioma cells in a p53 and caspase independent manner by inhibition 
of AP-1 and NF_kB signaling pathways (50).
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This observation is in agreement with phase-I clinical data showing 
that curcumin is well tolerated and suggested that curcumin could be a 
potential therapeutic agent for combination chemotherapy with DNA-
damaging agents(51).Such differential activities of curcumin strongly support 
its candidature as a potential chemo sensitizing agent suggesting that a 
combinatorial regimen of curcumin and doxorubicin can be framed and 
tested for reversal of anthracycline-resistance in future human clinical trials.
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