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A B S T R A C T   

Curcumin is a polyphenolic substance extracted from plants such as Curcuma longa, Curcuma zedoaria, and radix 
curcumae, and it has attracted much attention because of the anti-inflammatory, antioxidant, anti-tumor, anti
bacterial and other multiple pharmacological effects. Cervical cancer is one of the most common malignant 
tumors in women. With the application of HPV (human papillomavirus) vaccine, the incidence of cervical cancer 
is expected to be reduced, but it remains difficult to promote the vaccine among low-income population. As a 
commonly used food additive, curcumin has recently been found to have a significant therapeutic effect in the 
treatment of cervical cancer. In recent years, numerous in vitro and in vivo studies have found that curcumin can 
have significant efficacy in anti-cervical cancer treatment by promoting apoptosis, inhibiting tumour cell pro
liferation, metastasis and invasion, inhibiting HPV and inducing autophagy in tumour cells. However, due to 
poor water solubility, rapid catabolism, and low bioavailability of curcumin, studies on curcumin derivatives and 
novel formulations are increasing. Curcumin has a wide range of mechanisms of action against cervical cancer 
and may become a novel antitumor drug in the future, opening up new ideas for the research of curcumin in the 
field of antitumor. There is a lack of systematic reviews on the mechanism of action of curcumin against cervical 
cancer. Therefore, this study is a review of the literature based on the mechanism of action of curcumin against 
cervical cancer, with a view to providing reference information for scientific and clinical practitioners.   

1. Introduction 

Cervical cancer is the fourth leading cause of death in women, with 
310,000 deaths worldwide each year, seriously threatening the life and 

health of women [1–3]. The promotion and early screening of HPV 
vaccine has decreased the incidence of cervical cancer in developed 
countries, but in low- and middle-income countries, the incidence re
mains increasing with the low coverage rate of HPV vaccine. 
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Conventional treatments for tumours (surgery, chemotherapy, radio
therapy, etc.) are only effective in the early stages of cervical cancer and 
are less effective in the treatment of advanced cervical cancer[4]. 
Therefore, it is of great practical significance to find new mechanisms, 
new targets and new methods for the treatment of cervical cancer. 

Curcumin is a acidic, polyphenolic, diketone compound that widely 
existing in rhizomes of a variety of plants, such as Curcuma longa, 
Curcuma zedoaria, radix curcumae, and Acorus calamus [5]. Curcumin 
is an orange-yellow crystalline powder with a slightly bitter taste, and its 
molecular formula is C21H20O6 with a relative molecular mass of 368.37 
[6]. Curcumin has a significant effect in different kinds of diseases and 
has pharmacological activities such as anti-inflammatory [7], antioxi
dant [8], hypolipidemic [9], antihypertensive [10], antibacterial [11], 
hepatoprotective [12], and anti-tumor [13]. In India and China, curcu
min is commonly used as a colorant and food additive. Since Kuttan et al. 
[14] from India first proposed the anti-tumor effects of curcumin in 
1985, a large number of research experiments on the anti-tumor activity 
of curcumin was conducted, confirming that curcumin had certain 
pharmacological effects on a variety of tumor cells including liver can
cer, gastric cancer, lung cancer, breast cancer and prostate cancer 
[15–20]. Curcumin has been listed as the third generation of cancer 
prevention drugs in the United States. With the in-depth research on the 
basic pharmacological effects of curcumin on cervical cancer, it was 
found that curcumin can affect the development of cervical cancer 
through various mechanisms such as promoting apoptosis, 
anti-proliferation, anti-metastasis and invasion of tumour cells, and 
inducing autophagy of tumour cells (Table 1). However, curcumin has 
poor water solubility and is hardly absorbed into the blood through the 
gastrointestinal tract after oral administration, while curcumin also has 
adverse properties of rapid catabolism and low bioavailability. There
fore, the application prospect of new antitumor dosage forms of curcu
min looks promising. 

2. Mechanism of Curcumin against Cervical Cancer 

2.1. Induction of tumor cell apoptosis 

The promotion of apoptosis has become one of the most important 
strategies in anti-tumour therapy[21]. An important sign of cancer is the 
disruption of tumor cell apoptosis mechanisms [22], so whether tumor 
cells can be induced to apoptosis is one of the key factors when selecting 
anticancer drugs [23]. 

Shang et al. [24] found that curcumin induced cell death in HeLa 
cells of human cervical cancer through DNA damage and chromatin 
condensation. Further studies showed that curcumin increased the 
expression of DNA damage- and repair-related proteins (e.g., p-ATM, 
p-ATR, BRCA1, DNA-PK, MDC1 and MGMT), while promoted trans
location of p-p53 and p-H2A.XSer140 from cytosol to nucleus. The 
mechanism of DNA damage induced by curcumin may be related to ROS 
(reactive oxygen) generation. Singh et al. [25] reported that curcumin 
reduced COX-2 (cyclooxygenase – 2) expression while increased iNOS 
(Inductible Nitric Oxide Synthase) expression in HeLa cells, thereby 
leading to inhibition of telomerase activity and Ras (specific guanine 
nucleotide-releasing factor 1) & ERK (extracellular signal-regulated ki
nase) pathway, ultimately causing inhibition of cyclin D1, c-myc (V-Myc 
Avian Myelocytomatosis Viral Oncogene Homolog), Hsp70 (Heat shock 
protein 70), activation of AIF (apoptosis inducing factor), release of 
cytochrome c and induction of apoptosis through mitochondrial 
pathway. Unlike the above study, Kim et al. [26] suggested that cur
cumin mediated apoptosis in cervical cancer cells by promoting ROS 
generation, which in turn caused activation of ER (endoplasmic reticu
lum) stress proteins, such as PERK, IRE-1a (inosital-requiring 
enzyme-1), and ATF6 (activating transcription factor 6) and their 
downstream signaling proteins. Both articles indicated that 
curcumin-induced ROS generation in tumor cells varied according to 
cell type. Moreover, Kim et al. demonstrated that curcumin did not 

contribute to increasing ROS in normal cells. 
Curcumin induced ROS generation in cervical cancer cells is also 

associated with NADPH- ubiquinone oxidoreductase (complex I). It is 
well-known that mitochondria are important sites of ROS generation, 
and complex I is an important link, Shao [27] et al. found that B5, an 
analogue of curcumin, could inhibit thioredoxin reductase activity in 
complex I, causing increased ROS generation, which in turn activated 
ASK1 (Apoptosis Signal Regulating Kinase 1) and regulated downstream 
p38/JNK protein. 

THC (Tetrahydrocannabinol) is one of the major metabolites of 
curcumin, who is structurally similar to curcumin [28] but is more stable 
and bioavailable. Also, THC has stronger anti-ROS-generating and 
pro-apoptotic effects [29] and the mechanism is also related to inhibi
tion of COX-2 expression. At the same time, THC has also been found to 
inhibit the activation of EGFR and downstream signals p-ERK1/2 and 
p-AKT, AKT (RAC-alpha serine/threonine-protein kinase) activation is 
known to be closely associated with metabolic regulation. Pani et al. 

Table 1 
Possible mechanisms, real modules, targets, doses and reference of Curcumin in 
Cervical Cancer.  

Possible 
mechanisms 

Real 
modules 
(animal/ 
cell) 

Targets Doses Reference 

Apoptosis HeLa p-ATM, p-ATR, 
BRCA1, DNA-PK, 
MDC1, MGMT, p-p53, 
p-H2A.XSer140 

13 µM  24 

HeLa, SiHa, 
CaSki 

COX2, iNOS, Ras, 
ERK, cyclin D1, c-myc, 
Hsp 70, AIF, 
cytochrome c 

50 µM, 
100 µM  

25 

C33A, 
CaSki, HeLa, 
ME180 

PERK, IRE-1a, ATF6 20 µM  26 

CaSki, SiHa ASK1, P38, JNK 16 μM  27 
CaSki, 
BALB/c- 
nude female 
mice 

COX-2, EGFR, p- 
ERK1&2, p-AKT 

500 mg/ 
kg, 300 
mg/kg  

29 

HeLa NA 20 μM  30 
HeLa ROS 5 μM  31 

Proliferation HeLa Wnt, β-catenin, NF-κB, 
G2/M, G1 

34.23 μM  35 

HeLa G1/S, Bax, caspase-8 25 μg/mL  36 
SiHa HDACs, P53, G1, P21, 

P27, CDKi， CDK 
50 µM  37 

Migration CaSki, 
BALB/c- 
nude mice 

VEGF, EGFR 1000 mg/ 
kg, 1500 
mg/kg  

40 

CaSki, 
BALB/c- 
nude female 
mice 

HIF-1-α, VEGF, 
VEGFR-2 

100 mg/ 
kg, 300 
mg/kg, 
500 mg/ 
kg  

41 

HeLa MMP-2, MMP-9, 
GRB2, Rho A, Ras, p- 
ERK1/2, uPA, MMP-2, 
MMP-9, N-cadherin, 
β-catenin, E-cadherin, 
NF-ĸB 

7.5 μM  42 

HeLa GRB2、RAS、Rho 
A、N-cadherin、β- 
catenin、uPA, 
pERK1/2, E-cadherin, 
NF-ĸB, p65, p50 

5 μM  43 

HPV HeLa, SiHa, 
C33A 

E6/E7, p53, Rb, 
PTPN13, 

5 μM, 10 
μM  

48 

HeLa, SiHa, 
CaSki 

E7, PCNA, Cyclin D1 50 μM, 
100 μM  

50 

Autophagy Siha G2/M, p53, p21 40 µmol/ 
L  

55 

CaSki, SiHa Akt 16 μM  27  
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[30] indicated that curcumin decreased glucose uptake levels and 
lactate production, increased pyruvate levels, and reversed the Warburg 
effect in HeLa cells. Besides, the study also identified that the reduction 
of glucose consumption and lactate production prevented the growth of 
cancer cells and promoted apoptosis of cancer cells. 

The pro-apoptotic effect of curcumin in tumor cells mostly achieves 
at higher concentrations, while under physiological conditions, the 
concentration of curcumin should not exceed 5 μM. Lewinska et al. [31] 
reported that curcumin had no significant effect on HCFs (human 
corneal fibroblasts) at lower concentrations (1 μM to 5 μM), but could 
significantly promote ROS generation and induce apoptosis in HeLa 
cells. However, Lewinska believed that curcumin did not have genotoxic 
effects at low concentrations, but achieved tumor suppression by pro
moting global DNA methylation levels, which was consistent with the 
study of Yang et al. [32]. (Fig. 1) ROS have a dual role on tumour cells, 
however, their physiological effects vary with concentration, duration 
and the tumour cell types on which they act. The specific concentration 
range at which ROS exerts different effects has not been clearly reported, 
and in the future it will be necessary to specify the concentration range 
at which ROS inhibits or promotes tumour cells, and to verify whether 
this concentration range has any significant effect on normal cell 
proliferation. 

2.2. Inhibition of tumor cell proliferation 

The cell cycle is the fundamental process of life activity and refers to 
the process that begins at the end of cell division and ends at the end of 
the next cell division. The cell cycle dysregulation leading to unre
stricted cell proliferation is one of the important factors in the devel
opment of tumours[33,34]. 

Ghasemi et al. [35] found that curcumin promotes G2/M cell cycle 
arrest and promotes apoptosis in a subpopulation of G1-phase cells in 
cervical cancer cells by inhibiting the Wnt/β-catenin and NF-κB path
ways. Ratheesh M et al. [36] showed that curcumin at 25 μg/mL was 
highly cytotoxic to HeLa cells and induced HeLa cell apoptosis by 
ROS-mediated mitochondrial damage, arresting the cell cycle in G1/S 

phase. Meanwhile, expression of Bax and caspase-8 in HeLa cells 
increased after 48 h of curcumin treatment. Roy et al. [37] concluded 
that curcumin promoted the expression of P53 by inhibiting HDACs, 
thereby blocking the cell cycle in G1 phase. At the same time, curcumin 
induced the expression of CDKi (cyclin-dependent kinase inhibitors) and 
inhibited the expression of CDK (cyclin dependent kinases) by 
up-regulating the expression of P21, P27 and Rb protein. (Fig. 2). 

2.3. Inhibition of tumor cell metastasis and invasion 

Cancer metastasis is the result from a combined action of tumor cells 
and cells in the tumor microenvironment [38]. Invasiveness of tumor 
cells is a key factor in the metastatic cascade [39], and inhibition of its 
metastasis and invasion plays a crucial role in cancer therapy. Previous 
study [40] noted that high-dose curcumin could inhibit the growth and 
angiogenesis of CaSki xenografts in nude mice, possibly by 
down-regulating the expression of VEGF (vascular endothelial growth 
factor) and EGFR (epidermal growth factor receptor). The team [41] 
further revealed that THC also significantly inhibited tumor angiogen
esis by down-regulating HIF-1α (Hypoxia-Inducible Factor 1-Alpha) and 
VEGF/VEGFR-2 pathway, which identified the more pronounced anti
tumor effect of THC. 

In the study by Lin et al. [42], methoxycurcumin prevented migra
tion and invasion of human cervical cancer HeLa cells through (1) 
inhibiting MMP-2 (matrix metalloproteinase-2) and MMP-9 signaling 
pathways; (2) decreasing protein levels of GRB2 (growth factor 
receptor-bound protein 2), Rho A (Ras homolog gene family,member A), 
Ras, p-ERK1/2, uPA, MMP-2, MMP-9, N-cadherin and β -catenin; (3) 
increasing levels of E-cadherin and NF-κB. 

BDMC (Bisdemethoxycurcumin) is structurally similar to curcumin 
and is one of the three main components of Curcuma longa, but is much 
less abundant than curcumin. Based on Liao’s et al. [43] study who 
observed that BDMC significantly inhibited invasion and metastasis of 
HeLa cells, further studies showed that BDMC did not affect the 
expression of MMP-2 and MMP-9, but markedly decreased GRB2, RAS, 
Rho A, N-cadherin, β-catenin, and uPA (uridylyl phosphate adenosine) 

Fig. 1. Mechanism of curcumin inducing apoptosis in cervical cancer.  
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protein expression, while increasing pERK1/2, E-cadherin, and NF-κB 
(p65/p50) expression. Therefore, it was concluded that BDMC signifi
cantly inhibited migration and invasion of HeLa cells in vitro. (Fig. 3). 

2.4. Inhibition of HPV 

The occurrence of cervical cancer is closely related to high-risk HPV 
infection [44]. E6 and E7 genes in HPV genome are key oncogenes, 

which bind to p53 and pRb genes, respectively, affecting chromosome 
stability and inhibiting protein degradation, finally leading to apoptosis 
of tissue cells and promoting cancer cell transformation [45]. 

Divya et al. [46] found that curcumin was more cytotoxic to HPV16, 
18-infected cervical cancer cells than non-virus-infected cells. Moreover, 
curcumin could inhibit the transcription and translation of E6 and E7 
genes, which might be related to interference on AP-1 (activator 
protein-1) binding to DNA, and AP-1 was well-known to be associated 

Fig. 2. Mechanism of curcumin suppressing proliferation in cervical cancer.  

Fig. 3. Mechanism of curcumin suppressing metastasis and invasion in cervical cancer.  
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with the expression of multiple HPV viral genes. Prusty et al. [47] 
conducted in vivo and in vitro studies and concluded that over
expression of c-fos, down-regulation of FRA-1 (FRA-1 polypeptide pro
tein) expression, and changes in the dimerization pattern of AP-1 
complexes played a crucial role in the development and progression of 
cervical cancer. It was also demonstrated that curcumin could 
down-regulate c-fos (Cellular oncogene fos) and up-regulate FRA-1 
expression in HeLa cells. 

Maher et al. [48] also confirmed that curcumin inhibited HPV16 
E6/E7 transcription in cervical cancer cell lines HeLa, SiHa, and C33A, 
and upregulated the expression of tumor suppressor proteins p53, Rb, 
and PTPN13 (protein tyrosine phosphatase non-receptor type 13). 
Moreover, curcumin was found to inhibit the cancer-promoting effect of 
benzopyrene who was a major carcinogen in tobacco, and its effect was 
also linked with the inhibition of E7 protein expression. 

Estradiol has been identified as a risk factor for cervical cancer and 
has been shown to act synergistically with viral oncoproteins [49]. Singh 
et al. [50] pretreated cervical cancer cell strain with estradiol, and the 
results revealed that in HPV-positive cell lines, telomerase, viral onco
proteins E6 and E7, PCNA, p16, and cyclin D1 increased after estradiol 
treatment, but E7, PCNA (Proliferating Cell Nuclear Antigen) and cyclin 
D1 decreased after curcumin treatment without changes in E6, telome
rase and p16. Therefore, it was concluded that curcumin was able to 
inhibit the proliferative response to estradiol and induce apoptosis. 
(Fig. 4). 

2.5. Inducement of tumor cell autophagy 

Tumor cell autophagy is an evolutionarily conserved process [51], 
with autophagosomes encasing cytoplasmic components of cells and 
transmitting them to lysosomes for degradation [52]. Autophagy has 
multiple pathological and physiological roles in addition to degradation 
of damaged organelles or biomacromolecules [53]. Besides, tumor cell 
autophagy remains a major part in many diseases including cancer [54]. 

Wang et al. [55] found that curcumin modulated intracellular ROS 
levels, induced autophagy and apoptosis, triggered G2/M cell cycle ar
rest, and mediated cellular senescence through the p53-p21 pathway. 
Shao et al. [27] reported that the curcumin analogue B5 not only 

promoted ROS generation and induced apoptosis by inhibiting TrxR 
(thioredoxin reductase), but also boosted cell death by inducing auto
phagy, which might involve inhibition of Akt signaling pathway and was 
not dependent on ROS. (Fig. 5). 

2.6. Drug combination 

For cancer patients, single drugs tend to cause drug resistance and 
have unsatisfactory efficacy, so anti-tumor drugs are often combined 
with antibodies [56], inhibitors [57] and sensitizers [58] to reduce the 
toxic and side effects of chemotherapeutic drugs and increase the 
anti-tumor effect of drugs. A large number of previous basic studies, 
both in vivo and in vitro, have demonstrated the efficacy of the com
bination of curcumin in the treatment of cervical cancer (Table 2). 

Many currently used cytotoxic chemotherapeutic agents are initially 
purified from botanicals, and are still served as first-line treatments for 
many cancers. Several studies have shown that plant-derived com
pounds can effectively kill cervical cancer cells [59,60]. Pani et al. [61] 
found that the combination of curcumin with ellagitannins, quercetin 
and resveratrol significantly enhanced the cytotoxicity, anti-tumour 
metastasis and anti-tumour cell proliferation of HeLa cells. However, 
they did not conduct an in-depth study on the mechanism. Kumar et al. 
[62] investigated the synergistic anticancer properties of curcumin and 
ellagic. The results indicated that the combination of the two increased 
ROS production and was associated with increased DNA damage, which 
further led to apoptotic cell death. Moreover, the combination of cur
cumin and ellagic decreased the expression of HPV E6 mRNA, and as 
p53 was commonly degraded by HPV E6 oncoprotein in cervical cancer 
[63], the joint use restored p53 protein expression and promoted its 
downstream protein p21 expression. Mukherjee et al. [64] combined 
curcumin, resveratrol, and epicatechin gallate and found that the three 
drugs were most synergistic at a 4:1:12.5 ratio, and named this combi
nation TriCurin. The results showed that both curcumin and TriCurin 
inhibited E6, induced p53 acetylation (activated p53), and activated 
caspase-3, but changes produced by TriCurin were several times greater 
than those by curcumin. 

Thacker et al. [65] investigated the synergistic anti-cervical cancer 
effect of curcumin and emodin and implied that the combination of the 

Fig. 4. Mechanism of curcumin suppressing HPV in cervical cancer.  
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two effectively down-regulated TGF-β (transforming growth factor-β) 
signaling pathway by decreasing the expression of TGF-β receptor II, 
P-Smad3 and Smad4, and balanced the tumorigenic effect of TGF-β by 
inhibiting TGF-β-induced migration and invasion. In response to cur
cumin and emodin treatment, the expression of downstream effectors 
cyclinD1, p21 and Pin1 (Personal Identification Number 1) in TGF-β 
signaling pathway was suppressed, while the expression of key inter
stitial markers (Snail and Slug) was also down-regulated. In addition, it 
was found that TGF-β activated the Wnt/β-catenin signaling pathway in 
HeLa cells, whereas curcumin and emodin downregulated this pathway 
by inhibiting β-catenin. 

Catechin metabolites are produced by gut microbiota on the meta
bolic action of green tea in the gut [66], and play an important role in 

preventing diseases such as cancer [67]. The results of Khojaste et al. 
[68] documented that the combination of catechin metabolites and 
curcumin down-regulated the expression of oncogenes VEGF, miR-210 
and miR-21, and up-regulated the expression of tumor suppressor 
gene miR-126. 

Paclitaxel, the most widely used anticancer drug, is applied for the 
treatment of various types of malignant diseases[69]. Bava et al. [70] 
suggested that the synergistic anti-cervical cancer effect of curcumin and 
paclitaxel might be related to AKT/NF-κB signaling pathway. Paclitaxel 
and curcumin inhibit downstream NF-κB activation through activation 
of AKT. The synergistic effect of curcumin with paclitaxel might also be 
associated with decreased Bcl-2 expression, which was independent 
from the NF-κB pathway. 

Fig. 5. Mechanism of curcumin inducing autophagy in cervical cancer.  

Table 2 
Drug combination, real modules, possible mechanisms, targets, doses and reference of Curcumin in Cervical Cancer.  

Drug Combination Real modules (animal/ 
cell) 

Possible mechanisms Targets Doses Reference 

Curcumin + Ellagic acid HeLa Migration G2/M, EGFR 10 + 10 μ M  61 
Curcumin + Quercetin HeLa Migration G2/M, EGFR 10 + 10 μ M  61 
Curcumin + Resveratrol HeLa Migration G2/M, EGFR 10 + 10 μ M  61 
Curcumin + Ellagic acid HeLa Apoptosis ROS, p53, E6, p21 10.9 μ M  62 
Curcumin + Resveratrol 
+ Epicatechin gallate 

Mice (C57BL6), TC-1, 
HeLa 

HPV E6, p53, caspase-3 4:1:12.5  64 

Curcumin + Emodin HeLa, SiHa Migration TGF-β, P-Smad3, Smad4, cyclinD1, p21, Pin1, 
Snail, Slug, Wnt, β-catenin, β-catenin 

15/25 μM 
+ 40 μM  

65 

Curcumin + Catechin Metabolites Ca Ski Proliferation, Apoptosis VEGF, miR-210, miR-21, miR-126 NA  68 
Curcumin + Paclitaxel HeLa Apoptosis AKT, NF-κB, Bcl-2 5 μM + 5 μM  70 
Curcumin + Paclitaxel Ca Ski, HeLa Apoptosis E6, E7, p53, caspase3, NF - κB 10 μM + 5 μM  71 
Curcumin + photodynamic 

therapy 
Me180, Female BALB/c 
nude mice 

Proliferation, Apoptosis Notch1, NF-κB NA  75 

Curcumin + Ultrasound 
enhancement 

HeLa, SiHa， C33A NA NA 10 μM curcumin 
with 8 s of 7.5 
MHz ultrasound  

77 

Tetrahydrocurcumin + Celecoxib CaSki, BALB/c-nude 
female mice 

Tumor growth + tumor 
angiogenesis 

VEGF, COX-2, EGFR 50 mg/kg 
+ 50 mg/kg  

79 

Curcumin + Cisplatin SiHa NA HDACs, E6, E7, G1/S, MRP1, Pgp1 50 μM + 0.1 μM  37 
Curcumin + HPV16/18 L1-L2-E7 C3 tumor cells, C57BL/ 

6 mice 
NA NA 40 μM + 50 μg  89 

Nanocurcumin + HPV16/18 L1- 
L2-E7 

C3 tumor cells, C57BL/ 
6 mice 

NA NA 20 μM + 50 μg  89  
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DANG et al. [71] showed that curcumin could amplify inhibition of 
paclitaxel on growth of HPV-positive human cervical cancer cell strains, 
and was associated with HPV E6/E7 protein inhibition and 
p53-dependent apoptosis. The transduction pathway involved in this 
synergism could be the NF-κB/p53/caspase-3 intrinsic apoptotic 
pathway. 

PDT (Photodynamic therapy) involves the selective absorption of PS 
(photosensitizers), and PS can be activated when reaching cancer cells 
by light that matches the absorption spectrum of the PS, followed by a 
series of reactions that lead to tumor cell death [72,73]. Curcumin is also 
a novel PS and has been shown to have good efficacy in cervical cancer 
in coordinate with PDT [74]. He et al. [75] observed that curcumin 
combined with PDT inhibited proliferation and induced apoptosis of 
cervical cancer cells. The synergistic application of the two could 
down-regulate the expression of Notch1 and NF-κB, thus Notch signaling 
pathway might be one of the targets of curcumin combined with PDT 
therapy. 

Ultrasound promotes drug absorption by increasing permeability 
[76]. R. Carr et al. [77] used curcumin combined with ultrasound to 
intervene cervical cancer cells, and the results showed that such com
bination could increase the necrosis of HeLa, SiHa and C33A cells by 9-, 
12- and 16-fold, respectively, which was significantly greater compared 
with using curcumin alone. The mechanism might be related to the 
destruction of microtubule structure. However, it should be emphasized 
that different cervical cancer cells required different ultrasound fre
quencies and could cause different degrees of necrosis. 

Celecoxib is a selective COX-2 inhibitor that has been reported to 
have anticancer effects [78]. Yoysungnoen et al. [79] reported that THC 
and celecoxib alone or in combination reduced tumor size by 70.40%, 
65.11%, and 77.04%, respectively. Moreover, THC combined with cel
ecoxib inhibited tumor growth and tumor angiogenesis by 
down-regulating the expression of VEGF, COX-2 and EGFR. 

Cisplatin induces apoptosis by preventing DNA duplex unwinding 
and segregation, inhibiting cell division and inducing tumor cell 
apoptosis [80]. Meanwhile, cisplatin also induces ROS accumulation in 
mitochondria, thereby activating mitochondria-dependent apoptotic 
pathways [81]. However, the apparent nephrotoxicity, ototoxicity and 
drug resistance of cisplatin limit its clinical application [82]. Roy et al. 
[37] indicated that curcumin was also sensitizing to cisplatin-induced 
cervical cancer cell killing. By altering cell cycle regulatory proteins, 
inhibition of HDACs (histone deacetylases) and HPVs led to cell cycle 
arrest in G1/S phase. Inhibition of MRP1 (multidrug resistance protein 
1) and Pgp1 (P-glycoprotein 1) by curcumin could sensitize cervical 
cancer cells and reduced the chemotherapeutic dose of cisplatin. 

At present, there are three commercial prophylactic vaccines for 
HPV, but these vaccines have not shown therapeutic efficacy in HPV 
infected patients [83–86]. HPV L1, L2, and E7 proteins are the main 
target antigens for the development of therapeutic vaccines [87,88]. 
Kayyal et al. [89] found that curcumin and nanocurcumin could syn
ergize with HSP70-L1-L2-E7 vaccine to inhibit tumor growth. 

3. Dosage forms 

Curcumin is composed of two ortho-methylated phenols as well as 
one β-diketone, and its chemical structure plays a critical role in exerting 
its biological activity [6]. However, disadvantages of curcumin greatly 
limit its clinical application such as low water solubility, poor stability, 
and low bioavailability [90]. Therefore, in addition to the study on 
curcumin derivatives, changes in dosage forms are also one of the 
research directions [91,92]. 

Curcumin nano-suspension is a colloidal dispersion formed by cur
cumin nanoparticles and a small amount of stabilizer, which can 
significantly improve the solubility of poorly soluble drugs and the 
dissolution rate, as well as enhance the bioavailability [93,94]. Nano 
drug-loading system is to combine drugs with carriers (e.g. metal ions, 
PLGA (poly lactic-co-glycolic acid) nanoparticles, solid lipid 

nanoparticles, PBCA (polybutyl cyanoacrylate) nanoparticles) in order 
to increase their therapeutic effect. Its in vitro activity, in vivo activity, 
drug entrapment efficiency and drug loading vary widely between 
materials. 

Thulasidasan et al. [95] found that curcumin-entrapped in 
PLGA-PEG nanoparticles conjugated to folic acid (ppf-curcumin) dis
played maximum cell death. Thereafter, this formulation was proved to 
improve curcumin bioavailability and half-life in Swiss albino mice. In 
addition, acute and chronic toxicity studies demonstrated the pharma
cological safety of the formulation. The authors also assessed its po
tential for chemosensitivity to paclitaxel and validated this finding in a 
cervical cancer xenograft model in NOD-SCID (non-obese diabetic se
vere combined immunodeficient) mice. 

CDF (Curcumin difluoride) is a novel and effective synthetic curcu
min analogue that has been found to have significant effects in a variety 
of tumors [96,97]. Gawde et al. [98] encapsulated the folate-modified 
nanosomes with the purpose of improving the bioavailability and tar
geting of paclitaxel and CDF. The results showed that treated paclitaxel 
and CDF produced synergistic anticancer effects and such effects could 
be enhanced due to folate receptor-mediated targeted uptake and in
duction of apoptosis. 

Recently, green synthesis of silver nanoparticles have been increas
ingly investigated because of its anticancer potential [99] in terms of 
making plant extract efficacy more sustained, promoting biocompati
bility, functionalizing nanoparticles to further enhance their anticancer 
activity [100–103]. Murugesan et al. [104] biosynthesized nanosilver 
using the curcumin derivative ST06. The results revealed that HeLa cells 
had a significant growth inhibitory effect on human cervical cancer 
cells, and the mechanism was related to the intrinsic apoptotic pathway. 

Matos et al. [74] used curcumin nanoemulsion as a photosensitizing 
agent and investigated its effect on viability of cervical cancer cells. The 
experimental results showed that nanoemulsion-curcumin could pro
duce effective photodynamic response against cervical cancer cell lines. 
This approach induced an increase in caspase-3 and aspase-7 activity, 
suggesting that cell death occurs via apoptosis. 

Liposome technology is the fourth generation of targeted drug de
livery technology known as "biological missiles". The combination of 
liposome and curcumin can make curcumin smoother through the cell 
membrane, promote the gastrointestinal absorption, thereby increasing 
the plasma concentration and bioavailability of curcumin. Saengkrit 
et al. [105] found that modifying the surface charge of liposomes using 
DDAB (dimethyldioctadecyl ammonium bromide) improve the anti
cancer effect of curcumin. 

Microspheres refer to the particle dispersion system formed by drug 
dispersion or adsorption in polymer matrix, which can not only increase 
the stability of drugs, but realize the sustained release and controlled 
release [106]. Bhatt et al. [107] adjusted the polymer matrix with sol
ubilizers, DMSO (dimethyl sulfoxide), and Tween-20, and found that 
encapsulation of microspheres prolonged the sustained release of cur
cumin for up to 24 h. Moreover, curcumin encapsulated by 
chitosan-silica microspheres showed antiproliferative activity against 
cervical cancer HeLa cells. This has the potential to be a novel drug 
delivery system that improves the bioavailability of curcumin. 

4. Conclusion and perspectives 

Botanical extracts have now been widely recognized, especially its 
unique effects in tumors. As an effective antitumor compound with dose- 
dependent antitumor activity, curcumin is extracted from botanicals 
such as Curcuma longa, Curcuma zedoaria and radix curcumae. Cur
cumin has been reported to have good antitumor potential against ma
lignancies such as breast cancer [108,109], lung cancer [110,111], liver 
cancer [112,113], and ovarian cancer [114–116]. 

Diet has been identified as an important and modifiable risk factor 
for cancer [117]. Therefore, dietary modification can be a potential 
strategy to prevent or reverse manifestations prior to the early stages, 
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including inclusion of functional food components with chemo
preventive properties [118]. Curcumin has long been widely used in the 
food industry as a natural pigment and food additive. Perhaps, curcumin 
may have a subtly effect on malignancy in the daily diet. 

Curcumin has been found to exert its effects against cervical cancer 
by inducing apoptosis, inhibiting tumor cell proliferation, inhibiting 
tumor cell metastasis and invasion, and inducing autophagy in tumor 
cells. However, its clinical application is greatly limited due to its low 
water solubility, poor stability, low bioavailability, and low absorption 
and utilization. At the same time, there is a lack of specific methods to 
effectively evaluate the content of curcumin analogues and derivatives 
in blood and tissues, whether the improvement of the biological activity 
of curcumin analogues and derivatives is caused by the increase of their 
bioavailability remains unclear [119]. In addition, the improvement of 
curcumin bioactivity, bioavailability and anti-tumor activity by ana
logues and derivatives is very limited, thus it is imperative to develop 
new formulations of curcumin. In recent years, novel 
nanotechnology-based formulations have shed light on the new use of 
curcumin. Researchers make curcumin into nanoparticles, nano
liposomes, green synthetic silver nanoparticles, microspheres, nano
emulsion and other dosage forms to promote its absorption in the human 
body. 

Many questions remain to be explored regarding curcumin in the 
future. First, there are few clinical trials of curcumin against cancer, and 
its potential in the treatment of cervical cancer should be fully observed. 
Second, compared with curcumin, whether its derivatives and analogues 
will have an improved effect in cervical cancer. Third, novel formula
tions of curcumin still require to be innovated. Fourth, the optimal dose 
of curcumin for cervical cancer needs to be investigated. Fifth, as a 
potent anticancer drug, curcumin is also one of the future research di
rections in combination with other anticancer methods. Finally, when 
used as food additive and food colorant, whether curcumin can subtly 
influence cervical cancer in daily diet remains to be studied. 
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