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Curcumin and colon cancer: from preclinical to clinical studies
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Abstract. In the US, colon cancer has the third most mortality. Though new managements have
reported upgraded prognosis, the five-year survival rates of patients with general or metastatic colon
cancer are still unsatisfied at 64.7% and 20%, respectively. As a result, more innovative therapies
or drugs with high efficacy should be developed. Curcumin, a natural chemical compound, is now in
the spotlight of both preclinical and clinical trials on colon cancer. It not only exerts exceptional anti-
cancer effects, but also anti-inflammatory and antiviral bio-activities. However, curcumin shows low
bioavailability when orally administered. To resolve this issue, nanoparticles have been widely
utilized. In this review, we precisely summarize the effects of curcumin on colon cancer in both
preclinical and clinical studies. In vitro studies, curcumin could arrest cell cycle at the G2/M phase
as well as part of the G1 phase, and induce cell apoptosis by binding to targeted molecules. Except
for this, epigenetic alterations could also induce colon cancer. Both in vitro and in vivo studies have
proved that curcumin could remarkably influence the prognosis. Moreover, genetically designed
murine models which were orally administered with curcumin demonstrated satisfactory effects on
colon cancer induced by different factors. More importantly, curcumin alone or as an adjuvant
showed satisfactory results in numerous clinical trials. In conclusion, curcumin demonstrated
outstanding anti-cancer activity against colon cancer.
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1. Introduction

Colon cancer with extreme high mortality at advanced stage, has now become the third most
prevalent cancer that affects both males and females in the US [1]. The mucosal of the colon, which
is the deepest portion of the walls of the large intestine, is where colon cancer initially appeared.
However, once this interior lining of cells mutates, polyps are created, and with time they may
develop into malignant tumors [2]. Fortunately, cancerous tumors that have not yet developed can be
surgically removed, however, with regard for both the stages of the cancer and the conditions of the
patients, more complicated therapies should be used as the polyps grow larger. Furthermore,
numerous follow-up studies have revealed that high-dosed and extended chemo-or immunotherapies
not only target uncontrolled cancer cells, but also normal mucous cells in the mouth and
gastrointestinal system, as well as hair follicles and bone marrows [2]. As a result, it’s in urgent need
to develop therapies with high effectiveness and low toxicity, in particularly without influencing the
patients’ quality of life [3].

In recent studies, orally administered curcumin, a kind of natural chemical compound extracted
from turmeric, has been proved with remarkable effects on patients with colon cancer. Curcumin has
already been utilized into many solid tumors as well as hematological malignancies. It has a
promising future in colon cancer managements by stimulating cell apoptosis via mediating apoptosis-
related molecular pathways [4]. This study outlines studies that examined the efficacy of curcumin's
impacts on colon cancer in both in vitro and in vivo trials.

2. Bioavailability of Curcumin

In 1913, the structure of curcumin was first clarified (Figure 1), indicating its low solubility in
water. Due to this hydrophobic feature, curcumin combined with serum albumin will be accurately
transported to targeted cells, where curcumin could be accumulated in their membrane structures [5].
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Fig. 1 Chemical structure of curcumin

Meanwhile, curcumin shows deficient absorption rates and will be promptly metabolized and
eliminated both in plasma and gastrointestinal system [6]. In humans, orally administered curcumin
at 8 g per day would be rapidly transformed into metabolism with extreme deficient plastic curcumin
less than 2.5 ng/ml [7]. Despite the rapid internal metabolism of curcumin, nanotechnology using
nanoparticles could by manually designed to resolve other limitations, such as hydrophobicity,
instability and low bioavailability [6,8]. According to reliable results, this tailored therapy, utilizing
nanoparticles to wrap curcumin has gained a promising future in cancer treatment, representing
improved pharmacokinetics and pharmacodynamics, enhanced efficacy and less adverse, and
precisely targeting at cancerous cells [8]. For instance, in a study by Li et al., PLGA-lecithin-PEG
nanoparticles encapsulate curcumin could directly inhibit the HT-29 colon cancer cells with high
bioavailability compared with oral administration [9].

3. Biological Activities of Curcumin

Numerous studies both in vitro or in vivo (including murine models and human clinical trials) have
demonstrated curcumin’s beneficial effects and therapeutic utilizations in various clinical trials [5].
Curcumin exhibits a wide range of biological properties, including impacts that target particular
molecules to fight viruses, inflammation, and cancer (Figure 2) [7,10].
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Fig. 2 Curcumin’s negative regulations

3.1. Antioxidant and anti-inflammatory activities

Both oxidations and inflammations in our bodies contribute to various chronic diseases and
dysfunctional metabolism, including cardiovascular diseases, obesity, type Il diabetes. According to
the results of a recent meta-analysis, which included sixty-six randomized controlled trials, that
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curcumin and its analogues also showed the potential of enhancing the antioxidant and anti-
inflammatory capabilities of humans via mediating particular oxidative and inflammatory markers.
These chemical compounds could significantly decrease the levels of some inflammatory marker,
such as C-reactive proteins (CRPs), tumor necrosis factor o (TNF-a), and interleukin-6 (IL-6).
Meanwhile, curcumin also increased level of total antioxidant capacity (TAC) and alleviated levels
of malondialdehyde (MDA) and superoxide dismutase (SOD), contributing to relieving oxidation
stress A recent meta-analysis that included sixty-six randomized controlled studies revealed that
curcumin and its analogues also demonstrated the ability to improve human antioxidant and anti-
inflammatory bio-activities by mediating specific oxidative and inflammatory markers. Some
inflammation markers, such as C-reactive proteins (CRPS), tumor necrosis factor oo (TNF-a), and
interleukin-6 (IL-6), may be markedly reduced by these chemical substances. Curcumin also reduced
amounts of malondialdehyde (MDA), superoxide dismutase (SOD), and total antioxidant capacity
(TAC), which all helped to relieve oxidative stress [11].

3.2. Anticancer activity

Curcumin alone or combined with other substances to design efficient anticancer therapies is one
of the most significant features in clinical trials [7]. Treatments with curcumin to different cancers
(e.g., solid tumors and hematological malignancies) exhibited higher efficacy, less violent effects and
cost-friendly benefit. These effects were achieved by negatively interacting with several extra-and
intra-cellular molecules (Figure 3).
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Fig. 3 Curcumin mediated molecules

Numerous clinical trials have proved that dysfunctional inflammatory pathways play significant
roles in cancer. This mechanism is achieved by enhanced secretion of pro-inflammatory mediators,
such as transcription factors, growth factors, inflammatory cytokines as well as particular proteins
(including several enzymes, kinases and receptors) (Figure 2).

Take the expressions of NF-kB and AP-1 for instances, these molecular signaling pathways are
very common in different cancers. Curcumin could down-regulate their expression levels to activate
cell apoptosis, resulting in abolished cancer cell proliferations [10].

3.3. Antiviral activity

According to numerous studies, curcumin has also represented excellent antiviral activity against
different viruses [12]. For Zika and chikungunya viruses, both curcumin and its derivatives showed
satisfactory antiviral activity by inhibiting the viral-cellular binding without damaging cell viabilities
[13]. In a study by Balasubramanian et al., results demonstrated that curcumin and its analogues
would potentially inhibit the replications and infectivity of dengue virus (DENV) in vitro. Additional
analysis showed these chemical compounds would target intracellular pathways of both DENV
proliferations by inhibiting polymerization of actions and expression of specific genes for lipid
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synthesis [14]. Moreover, utilization of curcumin showed satisfactory effects against hepatitis B virus
(HBV) by targeting NF-xB, AP1, and Wnt/ B-catenin signaling pathways. According to the results,
curcumin mainly controlled the HBV by suppressing the NF-kB signaling pathway [15]. Recent
epidemic induced by novel coronavirus, which significantly impacts both health of humans and
animals, nevertheless, there is no effective therapeutics to effectively control this virus. In a study of
Li et al., in Transmissible gastroenteritis virus (TGEV) alpha-corona viral models, curcumin firstly
performed satisfactory antiviral activity and viral suppression against TGEVSs, indicating the
promising future of curcumin in treating virus-related diseases [12].

4. Curcumin in Colon (Colorectal) Cancer treatment

Numerous preclinical and clinical trials demonstrate that curcumin itself or combined with other
therapies has the capability of anticancer by inhibiting various colon cancer related intracellular and
extracellular pathways. According to the initiation of colon cancer, the expression of particular
inflammatory molecules which could be precancerous factors in persistent development will be
suppressed or enhanced (Figure 4). Moreover, curcumin can negatively control the anti-apoptotic
genes/proteins and cancer cells’ renewal in intestines [16].
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Fig. 4 Colon cancer initiation and curcumin targeted molecules

4.1. In vitro studies

Curcumin exerts its anticancer activity via arresting cell cycle and promoting cell apoptosis.
Numerous in vitro studies have proved that this chemical compounds could interact with multiple
molecules to modulate different cell signaling pathways [17]. Mosieniak and his colleagues
discovered that the proliferation of HCT116 cell lines treated with curcumin were suppressed at the
G2/M phase and part of the G1 phase [18]. Furthermore, Lim et al. performed curcumin on the same
cell line found down-regulated cyclin D1 protein, which influences the phosphorylation of Rb protein,
contributing to the difficulty in transition between G1 and S phases [19]. To figure out the mechanism
of this cell cycle arrest, Kim and Lee examined the relationship between the E2F4 transcription factor
and curcumin. The results proved that curcumin would suppress the expression of E2F4 and its
targeted genes (e.g., cyclin A, p21 and p27) by inducing high level of reactive oxygen species (ROS)
secretion. ROS could induce mitochondrial membranes lysis in cancer cells[20]. Also in a study by
Watson et al., curcumin showed a satisfactory therapeutic potential in managing colon cancer,
particularly in patients with resistance to traditional chemotherapies induced by p53 expressional or
functional deficiencies [21]. Due to this, by enhancing the expression of p53, Bcl-2 family proteins’
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ratios could be influenced. Curcumin could increase expression of Bax, while decrease Bcl-2 proteins,
thus inducing HT-29 cell lines apoptosis [22].

To induce the mechanisms of cancerous cells apoptosis as the above mentioned studies, more
targeted molecules are involved, such as clyclooxygenase-2 (COX-2) and transcription factors, death
receptors (e.g., DR5 and Fas) and enzymes (e.g., caspase 3 and caspase 8) [17]. By Lee et al.,
curcumin could down-regulate expression of COX-2 and apoptosis related kinase pAKT, resulting in
the induction of HT-29 cell lines apoptosis [23]. As for NF-kB and beta-catenin, these transcription
factors play significant roles in initiation of colon cancer. In a study on HCT-116 colon cancer cell
lines by Collect and Campcell, curcumin could effectively promote the cell apoptosis by impressing
the expression of NF-kB [24]. Additionally, by Narayan, curcumin was reported to block HCT116
cell lines’ cell cycle at G2/M phase by alleviating level of beta-catenin mediated c-myc gene [25].

Moreover, epigenetic changes brought on by environmental factors may also contribute to colon
cancer [16]. Compared with both the negative and positive control groups, three groups of different
cell lines (HCT116, HT29 and RKO) were managed with curcumin. The results showed reverse on
partial DNA methylations, which indicated the chemo-preventive capability of curcumin [26].

4.2. In vivo studies

4.2.1 Animal models

Several in vivo studies demonstrated that curcumin showed satisfactory chemo-preventive
capabilities against colon cancer [16]. In a study by Perkins et al., curcumin could greatly control the
progression of adenomas in intestines of the C57BI/6J Min/+ murine models, which simulated
inheritable familial adenomatous polyposis (APC). Three groups of mice were orally administered
curcumin at 0.1, 0.2 and 0.5% (corresponding to 150, 300, and 750 mg/kg), respectively. Compared
with other group, curcumin at 0.1% showed ineffective reactions on adenomas, while at 0.2% and
0.5% the multi-complexity of the adenomas was reduced by approximately 40%. Moreover, part of
orally administered curcumin could improve the hematocrit and alleviate the risks of bleeding induced
by matured adenoma. Due to this study, daily intake of particular dose of curcumin has been highly
recommended [27].

Moreover, colon cancer induced by imbalanced micro-bacterial intestinal environment could be
determined by interventions of diets. In a study by McFadden et al., diets with curcumin prolonged
the survival time. Compared with phosphate-buffered saline (PBS)/11107 murine models,
azoxymethane (AOM)/1110-/- models could actively eliminate the effects of colon cancer via
enhancement of intestinal microbial diversity [28].

Similar with the above mentioned in vitro studies, curcumin could control epigenetic alterations
induced colon cancer [16]. Among all the diversely expressed and methylated genes, Tnf gene
showed outstanding capability of decreasing the DNA CpG methylation levels in C57BL6 treated
with AOM-dextran sulfate sodium (DSS) murine models. In a study by Guo et al., compared with the
pure AOM-DSS, the group administered curcumin could reverse the levels of DNA methylation,
indicating curcumin’s preventive effects on colon cancer initiation and progression [29]. Later by
Seiwert et al., nanotechnology was utilized in same groups of mice to enhance the low bioavailability
of curcumin induced by intestinal inflammatory reactions [30]. Figure 4 has generally concluded the
main mechanisms in colon cancer modulated murine models treated with curcumin.

4.2.2 Human bodies

Numerous clinical trials in different cell lines have proved that curcumin contains anticancer and
therapeutic effects on colon cancer. By He et al., the tumor impressive mechanisms of curcumin were
detailed examined. According to the results, curcumin could decrease the levels of TNF-alpha in
serum, which intuitively improve the conditions of patients. As a result, curcumin could not only
promote cell apoptosis, but also enhance the level of p53 molecules in colorectal tissues [31]. In
familial adenomatous polyposis (FAP), which would eventually develop into colorectal cancer, both
the conventional managements with non-steroidal anti-inflammatory drugs (NSAIDs) and COX-2
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showed severe adverse effects. Due to this, by Cruz Correa et al., a novel therapy with three times
orally administered curcumin at 480 mg and quercetin at 20 mg daily was designed and evaluated.
According to the results of 5 patients (after the colectomy) treated with new therapy, the number and
sizes of polyps had been remarkably decreased 60.4% and 50.9%, respectively. Moreover, this
clinical trial demonstrated no toxicity of curcumin or quercetin [32].

Also, curcumin combined with other conventional therapies could achieve better prognosis of
advanced colon cancer and alleviate adverse effects or toxicity. To solve this issue, curcumin with
safety has been proved to effectively manage the colon cancer with [17,33]. In a phase | clinical trial,
patients with colon cancer were administered curcumin at 450-3,600 mg for 4 months, the results
demonstrated that curcumin is safe for long-term treatment. To support this, another clinical study by
James et al. proved that curcumin combined with FOLFOX therapy in 12 patients with metastatic
colon cancer demonstrated safety and well-tolerated results [34]. Similarly, in a study by Howells et
al., orally administered curcumin combined with FOLFOX chemotherapy also demonstrated
remarkable and safe outcomes in controlling metastatic colon cancer, which demonstrated the
enhanced survival rates of the patients treated with curcumin [35]. In the context of general colon
cancer with no extreme effects, curcumin showed satisfactory and well-tolerated results with
maximum doses at 8,000 mg daily [17,36].

5. Conclusion

In conclusion, different in vitro and in vivo studies have proved that curcumin features satisfactory
anti-cancerous activity against colon cancer with different mechanisms. Also, curcumin exerts other
beneficial anti-inflammatory and anti-viral bio-activities. The low bioavailability and cytotoxicities
of orally administered curcumin could be relieved by nanotechnology like nanoparticles with lipid
membranes, contributing to enhanced bioavailability and improved prognosis. Numerous studies
have proved that curcumin is safety and well-tolerated with maximum dose at 8,000 mg in daily diet.
It exerts its anticancer activity by regulating multiple molecular pathways related to colon cancer,
leading to blocked cell cycles and promoted cell apoptosis. Both curcumins alone and combined with
other conventional therapies show a promising future in colon cancer treatments, including reduced
chemotherapies resistance and alleviated severe adverse effects. Nevertheless, more verified clinical
trials should be performed to precisely evaluate other curcumin-related issues and resolve limitations,
such as small sample populations, unsatisfactory bioavailability, patients’ heterogeneities, optimal
indications and other potential toxicities. Otherwise, novel curcumin delivery systems and curcumin
formulations should be developed and performed in more clinical trials to promote efficient and safety
utilization of curcumin in colon cancer managements.
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