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Abstract 
All the evidences point out to the fact that the incidence, mortality and number of persons living 
with cancer are on the rise and, thus, this will impose a significant burden on health care resources. 
The considerable number of deaths from cancer necessitates the need to developing novel alter-
native cures that are efficient, safe, cheap and easy to use. In the search for new therapies for tu-
mors, naturally-derived compounds have been considered as a good source of novel anticancer 
drugs. The challenge here is to find products that are pharmacologically active against tumor cells 
with suitable toxicity profile and least damage to normal cells. Curcumin is a spice widely used in 
many countries especially in South Asia and it has gained importance for its anticancer function 
and low toxicity toward normal tissues in a range of biological systems. In spite of significant re-
search works, many difficulties hinder its oral use in the therapy of different kind of tumors, such 
as extreme low solubility in water, quick break down and excretion after being absorbed in the 
human body. Low bioavailability due to enhanced metabolism and rapid system elimination is 
another problem that hinders oral use of curcumin as anticancer agent. Therefore, the previously 
mentioned poor pharmacokinetics characteristics inhibit curcumin from reaching its site of action 
and, thus, lessen its effectiveness against tumors. This article reviews the latest global cancer sta-
tistics with special attention to be directed toward ovarian cancer. It sheds light on many research 
works that investigated the protective and therapeutic functions of different curcumin prepara-
tions against different sites of cancer using animal models. It also summarizes recent research 
works concerning the antitumor effects of curcumin alone and/or loaded into a range of delivery 
devices in many types of ovarian cancer cell lines. In the last section, it discusses the latest re-
search work with regard ovarian cancer in the kingdom of Saudi Arabia. 
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1. Cancer 
1.1. A great Threat to Human 
In the year 2012, world cancer statistics estimated cancer incidence (14.1 million) and mortality (8.2 million) 
worldwide. The number of new cases could further rise to 19.3 million by the year 2025, possibly due to growth 
and aging of the world population [1]. According to the International Agency for Research on Cancer, the most 
widely diagnosed tumors globally were lung (13.0%), breast (11.9%) and colorectum (9.7%) [2], while death 
from lung cancer was ranked first (19.1%) followed by liver cancer (9.1%), stomach cancer accounted for 8.8% 
of total deaths from cancers [2]. In economically developed countries, deaths from cancer are the leading cause 
of mortality. In the meantime, it is the second leading cause of deaths in developing countries. The load of can-
cer is rising in economically developing world as a result of several reasons, including growth and aging of pop-
ulation, an adoption of cancer-related lifestyle such as smoking, physical immobility, and non-healthy “wester-
nized” foods [3].  

1.2. Ovarian Cancer 
In 2002, it was estimated that 19% of the 5.1 million new cases of worldwide women had various kinds of gy-
naecological cancers. While the mortality of women suffered gynaecological cancers was 2.9 million and the 
number of deaths could be increased to 13 million in a 5-year prevalent tumor cases. Incidence and mortality of 
ovarian cancer were 204,000 and 125,000, respectively [1]. Although ovarian cancer is ranked the sixth among 
most common tumors in the globe, it is the leading cause of mortality among gynecologic malignant tumors and, 
thus, it is selected as the main topic of the present review. 

1.3. Current Status of Ovarian Cancers in the Kingdom of Saudi Arabia 
In 2010, ovarian tumor was ranked as the fifth most common tumor diagnosed in women in KSA [4]. In a re-
trospective study conducted at King Faisal Specialist Hospital and Research Center between 1995 and 2007, 193 
female patients with epithelial form of ovarian cancer were identified and results showed that 67.4% had stage 
III disease and 20.2% had stage IV disease [4]. The percent of woman with advanced-stage of ovarian cancer is 
higher among Saudi women compared to their counterparts worldwide. Furthermore, the researchers found that 
85% of women with this kind of ovarian cancer had no family history of ovarian tumor [4]. Of 1000 consecutive 
malignant carcinoma among Saudi residents in the Western part of the KSA, cervical cancer (42 cases) was the 
most common, followed by uterine cancer (24 cases) and ovarian cancer (21 cases) [5]. In order to study the ef-
fect of foreign immigration between 1985 and 2007 on the incidence of gynecological cancers, a retrospective 
study of histopathological records was conducted. Results of this study showed that there was no difference be-
tween foreign immigrants and Saudi nationals in number of new cases of uterine corpus sarcoma, ovarian and 
vaginal cancer. Moreover, incidence of cancers of cervix, vulva, uterine and gestational trophoblastic neoplasia 
altered over time [6]. Sait [7] conducted a retrospective study of 39 female patients treated traditionally for ova-
rian tumor between 2000 and 2010 at King Abdulaziz University Hospital in the city of Jeddah, KSA. He found 
that 80% of patients had stage I cancer and 20% had Germ cell cancer. He also showed that 98% of affected 
women returned their menstrual cycle after conservative treatment and 20% of patients became pregnant. Simi-
larly, Al-Badawi and his fellows [8] found that bilateral laparoscopic ovarian transposition performed in 23 
premenopausal females with pelvic malignancy was safe and efficient method for restoring ovarian function. In 
another clinical study conducted by Al-Badawi and his colleagues [9] to assess postoperative chemotherapy in 
55 patients with advanced ovarian cancer (stage III and IV), the authors found that 60% of them after primary 
surgical intervention recurred the disease within 4.5 years from first diagnosis. Furthermore, patients had gross 
residual tumor more than 2 cm died within 4 years of diagnosis. The researchers concluded that the presence of 
macroscopic residual tumor following first surgery was the main crucial prognostic variable [9]. It is clear from 
previously reviewed articles that the main focus of researchers in the KSA was toward clinical studies of ovarian 
cancer. 

2. Role of Curcumin in Inhibition of Cancer  
2.1. Curcumin 
Curcumin [1,7-bis (4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione], is a spice yellow in nature and ex-
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tracted from the roots of a member of ginger family (Curcuma longa). It is widely used in many countries par-
ticularly in South Asia and it has attracted attention for its anticancer role and decreased toxicity toward normal 
cells in several biological systems. 

2.2. Anticancer Effects of Curcumin Using Animal Models 
Over the past five decades considerable research studies have shown protective and therapeutic roles of curcu-
min against many types of cancers. The anticancer activities of curcumin (a polyphenol spice derived from the 
plant Curcuma longa, usually known as turmeric) have been investigated in several animal cancer models 
[4]-[19]. Whilst curcumin has good anti-cancer effect in vitro, when it is given in vivo, it fails to exhibit such an-
ticancer effects due to its poor pharmacokinetic characteristics. Thus, several research works have developed a 
range of delivery systems for this pharmacologically active compound. For example, Chen and his coworkers 
[14] prepared three liposomal preparations composed of three different types of phospholipids. Among the three 
tested preparations, curcumin encapsulated into soybean phospholipids liposome exhibited a marked antimelo-
noma effect in C57BL/6 mice in comparison to the control group (curcumin alone solution). Huang et al. [4] 
chemically initiated cancers on skin of female CD-1 mouse via 2,4-Dimethoxybenzaldehyde (DMBA), while 
induction of cancer was conducted using 12-O-tetradecanoylphorbol-13-acetate (TPA). A considerable inhibi-
tion of skin cancers and epidermal synthesis of DNA was noted upon topical application of curcumin dissolved 
in acetone over a 20-week study period. However, this study neither explored in vitro skin permeation of curcu-
min alone (unloaded) nor tried to develop a suitable delivery device for this highly lipophilic compound (curcu-
min) [4]. The same research team [10] employed the same procedure for chemical promotion of skin cancer in 
CD1 female mice. Results of this study indicated that topical application of a minimal dose of unloaded curcu-
min and TPA resulted in a significant suppression of skin cancer growth. A similar study was conducted and 
used the same protocol for chemical promotion of skin cancer (Tumor initiation using DMBA, while induction 
using TPA). Different kinds of curcumin were evaluated for their possible inhibitory role on promotion of can-
cer using CD-1 mice. Commercial curcumin, pure curcumin, demethoxycurcumin, bisdemethoxycurcumin and 
tetrahydrocurcumin were applied topically. Results of this study showed that the first three kinds of curcumin 
(commercial curcumin, pure curcumin, and demethoxycurcumin) exhibited the same inhibition effects on cancer 
growth [6]. The previously summarized research works showed that topically applied curcumin as such or cur-
cumin loaded into delivery systems (e.g. liposomes) had certain extent of inhibition on skin cancer promotion. 
Nonetheless, the previously mentioned works did not explored mechanism of action of curcumin as a potential 
anticancer agent. For instance, the investigators did not explored whether curcumin have an effect on modulat-
ing signaling pathways, such as its effect in suppression of nuclear transcription factor KB (NFKB) or modulation 
of cytokines or stimulation of apoptosis (programmed cell death). 

2.3. Effects of Unloaded Curcumin (Free) Ovarian Cancer Growth in Vitro 
Liduan et al. [16] examined inhibitory effects of unloaded curumin on growth of ovarian tumor cells (A2780) 
using the the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and results showed 
that curcumin suppressed the growth of these cancer cells in a time- and dose-dependent manner. Inversion mi-
croscope indicated certain morphological changes (irregular shape with a high number of round cells) of ovarian 
cells. The rates of cell death following treatment with curcumin were 6.41% - 28.48%. Molecular mechanism 
study was conducted using the immunohistochemistry method and results indicated that the expression of pro-
teins (bcl-2 and P53) was decreased in a dose- and time-dependent manner. The same research group investi-
gated the potential role of curcumin on growth inhibition inducing mechanisms in human ovarian cells (A2780). 
Results showed the inhibition rates of tumor cells were 62.05% - 89.24% using the MTT assay and the half in-
hibitory concentration (IC50) of curcumin was determined (~47 µmol) after 12 hours of incubation of curcumin 
and A2780 ovarian cancer cells. Furthermore, curcumin induced apoptosis of ovarian tumor cells in vitro using 
the fragmentation of cellular DNA, and this apoptosis stimulating effect of curcumin was further studied using 
the transmission electron microscope which indicated certain ultra-structural changes [15]. Investigating of im-
munohistochemistry of the proteins, nuclear factor-Kappa B (NF-KB, P65) and cysteinyl aspartate specific pro-
tease-3 (Caspase-3), indicated that the expression of NF-KB (P65) was lowered, while the expression of Cas-
pase-3 was increased in a dose-dependent manner [15]. Similarly, Shi et al. [17] used different kind of human 
ovarian cancer cells ( Ho-8910) and results showed that at a dose of 40 µM of curcumin and 48 hours of expo-
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sure to curcumin, the rate of growth suppression reached 52% using the MTT assay. Molecular mechanism 
study using flow cytometry and Western blotting revealed a decline in the expression of proteins implicated in 
the process of apoptosis, namely Bcl-2, Bcl-XL (important regulatory molecules of cell death) and pro-cas- 
pase-3. On the other hand, the amount of cancer inhibitor protein (p53) was considerably increased. This protein 
play a central role in the regulation of apoptosis and it is believed that its expression is increased in response to 
DNA damage [17]. Although the previously mentioned research works indicated potential antitumor effects of 
curcumin and hinted about possible molecular mechanism of this drug, none of these studies tried to address 
many obstacles that hinder the oral use of curcumin as a pharmacological active compound in treatment of dif-
ferent sites of cancers, such as its extreme low solubility in water (~11 ng/ml) [20] [21], rapid degradation and 
excretion following absorption in the human body [22] [23], and it has low bioavailability due to its quick me-
tabolism and fast system elimination. 

2.4. Evaluation of the Antitumor Potential of Curcumin Loaded into Different Delivery 
Systems in Vitro 

The antitumor effects of curcumin have been characterized in many cell culture models [6] [12] [14]-[17] 
[24]-[28]. For example, Dhule et al. [14] developed a novel delivery system for curcumin which encapsulated 
curcumin into cyclodextrin then packaging the complex in a liposome. The resulting curcumin nanoformulation 
showed promising results in vitro against KHOS osteosarcoma cell line and MCF-7 breast cancer cell line. Fur-
thermore, the researchers found that curcumin-loaded cyclodextrin liposomal nanoparticles initiated the caspase 
cascade which leads to apoptotic cell death which is preferred over autophagy as it yields least level of immune 
response following cell death [12]. Chen et al. [14] used different kinds of phospholipids for the preparation of 
three different curcumin-loaded liposomes. The in vitro antitumor activity of the three liposomes was investi-
gated against B16BL6 melanoma cells in an MTT assay. Among the three preparations tested, curcumin-soybean 
phospholipids-liposome displayed the highest capacity of all loaded liposomes to inhibit the growth of B16BL6 
melanoma cells. However, this study did not investigate mechanism(s) or mode of action of curcumin loaded li-
posomes as antitumor agents. 

The cytotoxicity of the curcumin loaded chitin nanogels (CCNGs) was investigated on human dermal fibrob-
last cells (HDF) and human melanoma (A375) cell lines. The MTT test showed that the resultant nanogels dis-
played specific toxicity towards A375 melanoma cells, but less toxicity towards the control human dermal fi-
broblast cells. The confocal analysis confirmed the intake of curcumin loaded chitin nanogels by melanoma cell 
lines. The CCNGs induced apoptosis using a flow-cytometric assay. Curcumin loaded chitin nanogels has an ef-
fect on the two major apoptotic pathways: the mitochondrial (intrinsic) and death receptor (extrinsic) [11].  

Two different cell lines (CAL27 and UM-SCC1), both representing head and neck squamous cell carcinoma 
(aggressive form of oral cancers) were examined for growth suppression with different doses of liposomal cur-
cumin and results indicated a considerable suppression of growth using liposomal curcumin compared to un-
loaded liposome. Inhibition of growth of CAL27 treated with liposomal curcumin was dose-dependent. Fur-
thermore, this study investigated the mechanism of growth inhibition using a reporter gene assay and found that 
liposomal curcumin inhibited the activation of the nuclear factor kB (NFkB)which is an inducible transcription 
element implicated in the pathogenesis of many malignancies including skin cancers [15]. 

Li et al. [25] found that exposure of 6 cell lines from human pancreatic carcinoma inhibited cell proliferation 
in a dose and time-related manner using MTT assay. Annexin V/Propidium Iodide Staining Assay showed that 
liposomal curcumin increased apoptosis (programmed cell death) in a dose-dependent manner and the effects 
were equivalent to or higher than those of free curcumin at equimolar concentrations. Electrophoretic Mobility 
Shift Assay (EMSA) indicated that NFkB activation was inhibited upon treatment of all six cell lines with lipo-
somal curcumin in a dose-related manner. Moreover, liposomal curcumin decreased the steady-state amount of 
NFᵏB-regulated gene Products (Interleukin-8; IL-8 and COX-2) using immunoblotting assay. These two mole-
cules are implicated in the growth and metastatic potential of this kind of tumors [7]. 

Huang et al. [26] compared the pharmacological effects of four kinds of curcumin: commercial food grade 
curcumin, pure curcumin, demethoxycurcumin, bisdemethoxycurcumin and tetrahydrocurcumin using cultured 
JB6 (P+) cells. The results showed that the first three kinds were equally potent, while tetrahydrocurcumin was 
less active in terms of inhibition of TPA-induced tumor growth. Nonetheless, these studies did not investigate 
mode of action of curcumin as anticarciongens or whether these biologically active curcumin affect apoptosis, 
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signaling pathways and angiogenesis [6]. 

2.5. Inhibition Effects of Loaded Curcumin on Growth of Ovarian Cancer in Vitro 
Ganata and Amiji [27] encapsulated curcumin and the drug paclitaxel in flaxseed oil contained nanoemulsion 
formulations. Results showed coadmistration of the drugs, curcumin and paclitaxel, were efficiently delivered 
inside cells in both sensitive ovarian cancer (SKOV3) and drug resistant (SKOV3TR) cells. Mechanism of an-
ti-cancer effect of this nanoemulsion indicated that curcumin inhibited activity of nuclear factor kappa B (NFkB) 
as well as expression of P-glycoprotein drug resistant cells. Furthermore, coadmistration of nanoemulsion of 
curcumin and paclitaxel was very toxic against both types of cells by enhancing apoptosis. Kumar et al. [28] 
loaded curcumin into the core of hydrophilic polymeric [poly(2-hydroxyethyl methacrylate); PHEMA] nanopar-
ticles. PHEMA gels were made using choline based liquid such as choline formate. MTT test indicated that cur-
cumin loaded PHEMA nanoparticles displayed higher level of cytotoxicity than free curcumin against drug sen-
sitive human ovarian cancer cells (SKOV-3). The study also showed that the IC50 for loaded curcumin PHEMA 
nanoparticles was lower (3.78 µg/ml) than that of unloaded curcumin (17.25 µg/ml). Western blotting study 
showed significant change in concentration of proteins directly linked to cell death (apoptosis). For example, 
loaded curcumin inhibited function and expression of nuclear factor kappa B (NFkB) and, hence, limit the cancer 
cell lines. Curcumin-PHEMA-nanoparticles triggered programmed cell death in tumor cells and it was evident 
from the decreased expression of antiapoptotic Survivin (important regulatory protein for apoptosis ) and de-
creased expression of VEGF (a stimulator of endothelial cell growth in many human cancer sites) and COX-2 
(important in disease progress) [28]. Wahl et al. [19] used two kinds of chemo resistant ovarian cell lines 
(SKOV-3 and ES-2) to investigate whether curcumin could trigger cell death in ovarian cancer cells and im-
prove programmed cell death induced by cancer necrosis factor-related apoptosis enhancing Apo 2 ligand/ 
TRAIL (known as Apo 2L/TRAIL). Sulforhodamine test indicated that free curcumin was toxic against cispla-
tin-resistant cancer cells at a dose of 25 µM. The combined treatment of curcumin and Apo 2L/TRAIL activated 
both the intrinsic pathway (mitochondria-mediated cell death pathway, as indicated by the cleavage of caspase-9 
protein) and the extrinsic pathway (receptor-mediated cell death) which is characterized by the stimulation of the 
death receptors (DR4 and DR5) on the cell surface and it was indicated through the cleavage of caspase-8 pro-
tein. Therefore, combination of curcumin and Apo 2L/TRAIL treatment could bypass obstacle of chemo resis-
tant of ovarian cancer to the standard chemotherapeutics drugs [19]. In a similar study conducted by Yunos and 
colleagues [18] to determine the synergetic inhibitory effects of curcumin with cisplatin and a phytochemical 
(Epigallocatechin-3-gallate) on growth of human ovarian cell lines (cisplatin-sensitive A2780 and cisplatin re-
sistant A2780cisR). Levels of platinum accumulated in the cells and linked to the DNA were measured using 
graphite furnace atomic absorption spectrometry. Results of this study showed that treatment of cell lines 
(A2780 and A2780cisR) with cisplatin 4 hours before addition of curcumin and the phytochemical resulted in the 
most synergistic effects. Another research group [19] examined the combined effects of a curcumin analog 
(known as HO-3867) and cisplatin on proliferation of cisplatin resistant ovarian cancer cell lines (A2780R). Cell 
viability test (MTT) indicated that combination of HO-3867 and cisplatin significantly suppressed growth of 
cisplatin-resistant cancer cells and this inhibition was in a dose-related manner. Western blotting and cell cycle 
analysis (FACS) showed that the growth inhibition was linked with elevated level of expression of regulatory 
proteins (p53 and p21). Meanwhile, these tests indicated that the expression of cdk5 and cyclin D1 was reduced. 
Immunoblotting analysis showed that the cell death was linked with the modulation of Bcl-2 family of proteins, 
specifically Bcl-2, Bax and Bcl-xL. One main findings of this study was decreased expression of cleaved cas-
pase-3, -7 and PARP in treatment groups exposed to the combination of HO-3867 and cisplatin, thus suggesting 
that combined treatment might induce the signal transducer and activator of transcription-3 (STAT3) in the 
tested cell lines. STAT3 is known as a tumor transcription factor which has attracted immense significance as a 
pharmacologic target [19]. 

2.6. Possible Mechanism of Actions of Curcumin as Antitumor Agent in Vivo 
The following studies investigated mechanism of action of curcumin as antitumor agent in vivo. Dhule et al. [12] 
used curcumin-encapsulated in γ-cyclodextrin followed by second loading in liposomes as delivery vehicles for 
treatment of osteosarcoma. This novel route for delivering curcumin displayed promising anticancer effect in 
immune deficient nude mice injected with KHOS cells [12]. Nude mice bearing tumours from the head and neck 
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squamous cell carcinoma cell line (CAL2) were treated with liposome encapsulated curcumin. Liposomal cur-
cumin showed significant xenograft tumor growth suppression compared with control mice and mice treated 
with unloaded liposomes. Immunohistochemistry study indicated mechanism of growth suppression of liposom-
al curcumin via the inhibition of transcription factor (NFkB) [28]. It should be noted that this study has adminis-
tered liposomal curcumin via an invasive route (i.v.). The human pancreatic carcinoma cell lines (BxPC-3 or 
MiaPaCa2 cells) were injected onto female nude mice then liposomal curcumin was administered after tumor 
masses became established. Substantial tumor growth suppression without obvious host toxicity was noted. 
Furthermore, tumors treated with liposomal curcumin showed an antiangiogenic effect (process of formation of 
new blood vessels which is vital for growth and development and it plays critical role in the transition of benign 
tumors to malignant), including apparent blanching of tumors upon visual inspection and decreasing expression 
of an endothelial marker(CD31) and VEGF and IL-8. It is noteworthy that pancreatic carcinoma cells usually 
express increased levels of IL-8 and cyclooxygenase-2 (COX-2), and these factors play a role in the growth and 
metastatic potential of this caner [7]. A recent study that was conducted by Al Badawi and his coworkers [8] 
showed that a single dose of curcumin- micro particles composed of poly(D, L-lactide-co-glycolide) polymer 
(PLGA) into BALB/c female mice could sustain levels of curcumin in the blood for a month and, hence, effi-
ciently suppress tumor growth in a mouse model of breast tumor [8]. Ghosh et al. [12] prepared small particle 
size (diameter ~15 nm) of curcumin encapsulated into polylactide co-glycolide (PLGA). Hepatocellular carci-
noma was induced using diethylnitrosamine (DEN) in male Swiss Albino rats. DEN resulted in the production 
of reactive oxygen species (ROS), lipid oxidation, and a decline in plasma membrane micro viscosity and a re-
duction of antioxidant enzyme levels in liver cells. Nano Cur administered orally in DEN induced HCC rats 
showed substantial protection against hepatocellular carcinoma. For example, Nano Cur decreased ROS in mi-
tochondria and showed a noteworthy protection from increase of conjugated dienes (primary lipid oxidation 
product) in the liver cell membrane. Furthermore, Nano Cur treated rats showed significant reduction in impor-
tant marker enzymes of liver. Results of this study indicated that this Nano Cur can act as antioxidant by pre-
venting production of high amounts of ROS in the cells and, thus, block the process of carcinogenesis from 
happening [12]. Furthermore, the researchers found that ApobrdU positive cells indicated Nano Cur favorably 
stimulated apoptosis in tumor cells over normal cells.  

3. Conclusion  
Curcumin encapsulated in a range of drug devices can act as a therapeutic agent against various cancer sites, but 
there are many problems and limitations with previously mentioned delivery systems for curcumin that hinders 
its use in prevention and treatments of several cancer sites: 1) Moderate or limited loading capacity of many de-
livery devices, for example cyclodextrin in polymeric delivery system for curcumin, 2) Hydrophobic nature of 
curcumin results in a very low solubility in aqueous solutions and, hence, poor bioavailability especially upon 
oral administration of this pharmacological active curcumin, 3) Stability of curcumin delivery systems is another 
challenge that limits its use in cancer chemotherapy, and 4) Multidrug resistance is a major obstacle upon using 
chemotherapy against cancers. 
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