Preventing Cancer with Turmeric: The Whole is Better than
the Sum of its Parts

Megan Bowers, Durham University

Abstract

There is growing interest in the use of natural compounds such as phytochemicals in medicine. Turmeric is
known to possess many health benefits and has been used for centuries for culinary and traditional uses. Its
most potent phytochemical, curcumin, has been subject to extensive research and exhibits biological
activities, including anti-cancer activities. However, it has not been approved for therapeutic use due to poor
bioavailability. Recently, efforts have turned to improving its bioavailability, such as the use of adjuvant
phytochemicals. Turmeric contains a variety of phytochemicals, many of which also possess anti-cancer
activities themselves. In this review, the evidence for the superior bioavailability and chemopreventative
activities of turmeric compared to curcumin alone are discussed, and mechanisms that may underlie these
observations are highlighted. More research should be done to uncover the interactions of the
phytochemicals within turmeric. Most research has focused on the use of curcumin and other
phytochemicals as potential adjuvants in cancer treatment. However, a large proportion of cancers,
particularly of the digestive system, are preventable, so the current review focuses on the chemopreventative
potential of the phytochemicals discussed. Ultimately, consumption of turmeric and other foods rich in

phytochemicals should be encouraged to reduce the incidence of cancer.
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Figure 1: Graphical abstract illustrating the scope of the review.

Introduction

Colorectal cancer (CRC) is the third most common cancer and second leading cause of cancer-related deaths
worldwide (WHO, 2022). Substantial global variation exists in the incidence of CRC; in a recent systematic
analysis for the Global Burden of Disease Study (GBD), it was reported that Australasia, high-income Asia
Pacific and high-income North America had the highest age-standardised incidence rates of CRC in 2017,
while south Asia, western Sub-Saharan Africa and central Sub-Saharan Africa had the lowest (GBD, 2017). At
least part of this discrepancy is believed to be attributable to Westernised lifestyles — including poor diet and
inadequate physical activity, which are associated with risk factors for CRC (WCRF, 2018). As such, there is a
significant body of research investigating CRC risk factors, and subsequently, recommendations to avoid and
reduce these exposures have been given by organisations such as the Centers for Disease Control and
Prevention (2022) and the World Cancer Research Fund (WCRF, 2018).

Less attention has been paid to investigating protective factors — that is, those whose exposure has a
chemopreventative effect. However, the growing body of research in this area has produced some promising
findings. Turmeric, the dried rhizome of the herbaceous perennial plant Curcuma longa Linn, is the focus of
the current review. Found mostly in Asia, it has been used for centuries for culinary and traditional uses
(Gupta et al., 2013). However, more recently, it has entered the realms of scientific research and its biological

activities have been investigated.

Since curcumin was identified as the major bioactive compound in the spice (Kuttan et al., 1985), its multi-
targeted chemopreventative activities have been thoroughly investigated. Subsequently, other bioactive
compounds present in turmeric have also been identified and studied in this context. However, despite its
potent chemopreventative potential, curcumin has not yet been approved for therapeutic use, primarily due



to poor bioavailability. Various delivery system developments have been tested to tackle these limitations.
One such method is the use of adjuvants, and numerous studies have found that concomitant
administration of other phytochemicals with curcumin can improve its bioavailability. Given that turmeric
contains many phytochemicals, this review proposes that more research should be done to uncover the
interactions between them. Besides, there is growing evidence that turmeric may be a superior
chemopreventative agent than curcumin alone.

The chemopreventative activities of curcumin (Giordano and Tommonaro, 2019) and of non-curcuminoids
(Nair et al., 2019) have been reviewed elsewhere, as have the reasons for and methods to improve the
bioavailability of curcumin (Liu et al., 2020; Sabet et al., 2021). While this review will provide an overview of
these areas and discuss some relevant aspects, the reader is pointed towards these reviews for in-depth
discussion of these topics. The aim of this article is to bring together areas of research relevant to the
chemopreventative potential of turmeric. To the best of my knowledge, and at the time of writing, this is the
first review to combine these topics. The paper begins by describing the bioactive compounds in turmeric
and their individual chemopreventative activities, followed by evidence of synergism between them and
methods to improve bioavailability. Finally, future directions for research into the potential of turmeric for

cancer prevention and treatment are proposed.

Chemoprevention

It has been reported that more than two-thirds of human cancers could be prevented by lifestyle changes,
and that dietary factors alone contribute to approximately 35 per cent of human cancer mortality (T. Y. Lee
and Tseng, 2020a). For CRC specifically, it is reported that 90 per cent of deaths could be prevented with
dietary intervention (Bolat et al., 2020). Despite this, chemoprevention is not often the focus of research
efforts.

Many chemopreventative agents are anti-mutagens. Anti-mutagenicity may be exhibited through direct
interaction with carcinogens to prevent them from binding DNA or by interfering with enzyme systems to
prevent their metabolism. Alternatively, many chemopreventative agents exhibit their anti-cancer activities
by acting on signalling pathways. Studies have shown that turmeric exhibits anti-mutagenicity (Polasa et al.,
1992; Shalini and Srinivas, 1987, 1990; Srinivas and Shalini, 1991) and interacts with a variety of signalling
molecules (Kim et al., 2012; Li et al., 2018, 2021).

Turmeric

Phytochemicals

Due to issues of drug resistance, toxicity and severe side effects from standard chemotherapy, there is
growing interest in natural, non-toxic and safe compounds that possess anti-cancer potential (G.-Y. Lee et
al., 2020). Phytochemicals are natural, biologically active compounds derived from plants, and extensive
research has begun in this area of medicine. Phytochemicals that have been investigated for medical
purposes are sometimes called ‘nutraceuticals’, a combination of the words ‘nutrition’ and ‘pharmaceutical’.
Many phytochemicals have been shown to possess anti-cancer activities through various mechanisms,
including regulating epigenetic changes, inhibiting metastasis, inhibiting cell cycle progression, inhibiting
cell signal transduction and promoting apoptosis (T.Y. Lee and Tseng, 2020). While most studies have
focused on the potential use of phytochemicals as chemosensitisers and adjuvants in therapy, there is also



evidence of their chemopreventative abilities. Turmeric contains many phytochemicals, and it is these that
are the focus of this review.

Chemical composition

There have been 235 compounds identified in turmeric, most of which are either phenolic compounds or
terpenoids (Figure 2). Phenolic compounds include diarylheptanoids, diarylpentanoids and some others,
while terpenoids include monoterpenes, sesquiterpenes, diterpenes and triterpenes (Li, 2011).
Curcuminoids are a type of diarylheptanoids, and the term ‘non-curcuminoids’ is used to encompass all
other components of turmeric. It is now well-established that curcuminoids and some non-curcuminoids

exhibit anti-cancer activities. This will be discussed later.

Anti-cancer activities

In 1985, the first study demonstrating the anti-cancer potential of turmeric was published. Ethanolic
turmeric extract (ETE) was found to be highly cytotoxic to human leukaemic cells in vitro and also prevented
animal tumours induced by Dalton’s lymphoma (Kuttan et al., 1985). The authors identified curcumin as
being the cytotoxic component and suggested that it may be responsible for the anti-cancer effects of
turmeric. In 1987, a follow-up study was published where topical application of ETE to cancerous lesions of
human participants had beneficial effects in most patients (Kuttan et al., 1987). This was the first time that
turmeric had been studied on human cancer patients. Since these initial findings, many studies have been
conducted investigating the anti-cancer potential of turmeric. Given that curcumin had already been
identified as the major active ingredient, it became the focus of much of the research that has been done
over the past few decades.
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Figure 2: Compounds identified in Curcuma longa (turmeric). Figure constructed by author, using information from
(Li,2011).



Curcuminoids

Curcuminoids are the polyphenolic phytochemicals responsible for the yellow-orange colour of turmeric.
The total curcuminoid content of turmeric rhizomes is thought to vary from about 2.8 to 10.9 per cent, but
this drops to 0.58 to 3.15 per cent in commercial turmeric powders (Li, 2011). The term ‘curcumin’ is often
used interchangeably with ‘curcuminoids’; however, curcumin is not the only curcuminoid present in
turmeric. Curcumin (diferuloylmethane) has been reported to constitute about 77 per cent of the
curcuminoid content of turmeric, while demethoxycurcumin (dmC) and bisdemethoxycurcumin (bdmcQC)
constitute 17 per cent and 6 per cent, respectively (Anand et al., 2007). However, these figures vary slightly
across the literature, partly due to variation among different C. longa species. Isolation of pure curcumin
from turmeric is difficult and time-consuming, so commercial curcumin is usually a mix of these three
curcuminoids (Li, 2011). Many studies investigating the effects of curcumin also use this mixture, although

some do isolate the different curcuminoids.

Curcumin is by far the most studied curcuminoid. It was first isolated from turmeric in 1815 (Vogel and
Pelletier, 1815) and has since been extensively studied for its therapeutic potential. Its purported biological
activities include anti-inflammatory, anti-ulcer, anti-viral, anti-bacterial, anti-protozoal, anti-venom,
antioxidant, anti-coagulant, anti-hypertensive, anti-hypocholesteraemic, anti-fibrotic, anti-mutagenic,
anti-infertility and anti-cancer (Nair et al., 2019). The anti-cancer activities of curcumin are multi-targeted,
interacting directly with some proteins and modulating the expression of others (Kunnumakkara et al.,
2008). Studies have demonstrated its role in modulating transcription factors (e.g. NF-«B), growth factors
(e.g. VEGF), enzymes (e.g. COX-2), kinases (e.g. cyclin D1) and inflammatory cytokines (e.g. TNF), as well as
upregulation of pro-apoptotic proteins (e.g. Bax) and downregulation of anti-apoptotic proteins (e.g. Bcl-2)
(Shehzad et al., 2013).l1] Due to the large quantity of research into the chemopreventative activities of
curcumin, there are a significant number of reviews on the topic (Oyagbemi et al., 2009; Reuter et al., 2008;
Thangapazham et al., 2006; Vallianou et al., 2015).

Non-curcuminoids

Curcumin-free turmeric

Despite the fact that curcumin had been identified as the major active ingredient of turmeric, and studies
had demonstrated its potent anti-cancer potential, a few studies in the 1990s investigated the activities of
curcumin-free turmeric. Early findings indicated that curcumin is the significant chemopreventative agent in
turmeric. For example, in a study that assessed the inhibitory effects of aqueous turmeric extract (ATE) and
curcumin-free aqueous turmeric extract (CFATE) on the mutagenicity of direct- and indirect-acting
mutagens, only ATE was effective (Azuine et al., 1992). In another study, cytochrome P450 enzyme activity
as well as DNA-adduct formation was found to be reduced only by curcumin-containing treatments and not
by curcumin-free treatments (Deshpande and Maru, 1995). However, some studies found that curcumin-free
treatments appeared more effective than curcumin-containing treatments. A study investigating the
inhibitory effects of ATE, CFATE and curcumin on micronuclei formation in mice found CFATE to be the most

effective (Azuine et al., 1992). Further, in a B[a]P-induced forestomach tumour model in mice,/%! CFATE
reduced the tumour multiplicity and incidence to a greater extent than turmeric or ETE (Deshpande et al.,
1997). However, when a similar experiment was conducted on a DMBA-induced mammary tumour mode in

rats,l3] CFATE was found to be ineffective while ETE and turmeric significantly reduced tumour multiplicity,



burden and incidence (Deshpande et al., 1998). While these findings are conflicting, they provided some
indication that compounds other than curcumin may contribute to the chemopreventative activities of

turmeric. This led to research into the other bioactive compounds in the spice.
Non-curcuminoids

Non-curcuminoids include all the bioactive compounds in turmeric except curcuminoids. These include
phenolic compounds, terpenoids and some others. Non-curcuminoid phenolic compounds include some
diarylheptanoids, diarylpentanoids and phenylpropenes, while terpenoids include monoterpenes,
sesquiterpenes, diterpenes and triterpenes (Figure 2). Many of these have now been studied for their
pharmacological activities and have been found to exhibit chemopreventative activities. These have been
extensively reviewed elsewhere (Nair et al., 2019).

There is evidence that curcuminoids and sesquiterpenes show synergistic effects (Nishiyama et al., 2005; Yue
et al., 2016), and this will be discussed later. There have been 109 sesquiterpenes identified in turmeric, and
they are primarily found in turmeric oil (Li, 2011). Perhaps the most studied sesquiterpenes are turmerones
and elemenes, of which ar-turmerone and #-elemene appear the most promising isoforms. Several studies
have demonstrated the chemopreventative activities and therapeutic potential of these phytochemicals

(Table 1). However, acknowledgement of this is only very recent and not yet widespread.

Sesquiterpene  Studies showing chemopreventative potential Reference

ar-turmerone Promoted apoptosis in human chronic myelogenous leukaemia, rat basophilic (Jietal,

leukaemia, human histiocytic lymphoma and mouse lymphocytic leukaemia. 2004)
Upregulated MMP-9 and COX-2 by blocking NF-kB, PI3K/Akt and ERK1/2 (Park et
signalling and inhibited invasion, migration and colony formation in human al.,2012)

breast cancer cells.

Induced apoptosis via ROS generation-mediated activation of ERK and JNK (Chenget
kinases in hepatocellular carcinoma cells. al.,2012)
Had cytotoxic effects on lymphocytic leukaemia and myeloid cells. (Kimetal.,
2013)
B-elemene Induced apoptosis and protective autophagy by inhibiting PI3K/Akt/m- (Liuetal.,
TOR/p70S6K1 signalling in non-small cell lung cancer cells. 2012)
Inhibited proliferation and induced apoptosis and autophagy by inhibiting (Zhan et
MAPK/ERK and PI3K/Akt/m-TOR signalling in renal cell carcinoma cells. al.,2012)
Reduced proliferation, promoted apoptosis and impaired invasiveness in (Xuetal.,
glioblastoma cells. 2006)

MMP: matrix meta-lloproteinase; PI3K: phosphatidylinositide 3 kinases

Table 1: Examples of studies demonstrating chemopreventative activities of ar-turmerone and 3-elemene. Table
constructed by author, using information from a review by Nair and colleagues (2019)

Therapeutic limitations of curcumin

Despite its well-established potent bioactivity, tolerance and safety at high doses, curcumin has not been
approved for use as a therapeutic agent due to its poor oral bioavailability (Anand et al., 2007; Liu et al.,



2020; Sabet et al., 2021). While there are other possible routes of delivery (intravenous, nasal, topical,
subcutaneous, intraperitoneal), oral administration is the preferred method of drug delivery because of its
convenience, high patient compliance, cost-effectiveness and ease of production (Liu et al., 2020). Reasons
for the poor oral bioavailability of curcumin and recent developments in delivery systems to tackle them are
discussed below.

Reasons for poor oral bioavailability

According to the Nutraceutical Bioavailability Classification Scheme (NuBACS), the bioavailability of a
bioactive compound is dependent on five classes of physiochemical and physiological factors, namely
bioaccessibility, absorption, transformation, distribution and excretion (Figure 3). The factors thought to be
the main contributors to curcumin’s poor bioavailability are its low bioaccessibility, due to poor liberation
from plant cell tissues as well as poor solubility in gastrointestinal (GI) fluids, and its transformation into
less bioactive products through chemical and metabolic degradation (Sabet et al., 2021). These are discussed

further below.
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Figure 3: The five classes of factors that contribute to the overall bioavailability of an orally administered bioactive
compound, according to NuBACS (McClements, 2018). Figure constructed by author, using information from
Sabet et al. (2021).

Bioaccessibility: For any orally administered drug to be bioaccessible, it needs to dissolve in GI fluids. GI

fluids are acidic, but the aqueous solubility of curcumin is very low in acidic pH (Liu et al., 2020).

Transformation: Curcumin undergoes two phases of metabolic degradation. In Phase I, curcumin is reduced
to the metabolites dihydrocurcumin, tetrahydrocurcumin and hexahydrocurcumin by reductases in the liver
(Hoehle et al., 2007; C Ireson et al., 2001) and potentially by E. coli in the small intestine and colon
(Hassaninasab et al., 2011). In Phase II, curcumin and its metabolites undergo glucuronidation and sulfation,
which are catalysed by UDP-glucuronosyltransferase (UGT) and sulfotransferase (SULT), respectively (Ireson
et al., 2002), producing curcumin sulfate, curcumin glucuronide sulfate, curcumin glucuronide, dihydro
curcumin glucuronide, tetrahydro curcumin glucuronide and hexahydro curcumin glucuronide (Liu et al.,
2020). The metabolites of curcumin are thought to be biologically active but substantially less so than
curcumin (Zhu et al., 2017).



Methods to improve bioavailability

As discussed above, improving bioaccessibility and reducing transformation should be the focus of delivery
system developments for curcumin. Recent studies have trialled a range of delivery methods that have now
been the subject of multiple reviews (Araiza-Calahorra et al., 2018; Jiang et al., 2020; Liu et al., 2020;
McClements, 2018, 2020). These methods include nanoparticles, liposomes, micelles, emulsions, solid
dispersions and adjuvants (Liu et al., 2020). As this review focuses on phytochemicals, the use of them as
adjuvants for curcumin is further discussed below.

Phytochemical adjuvants

In pharmacology, an adjuvant is a drug that is co-administered with another drug to enhance its efficacy.
Many phytochemicals, such as those in Table 2, have been shown to exhibit chemopreventative activities,
and these have been reviewed elsewhere (lycopene: Rowles et al., 2017; piperine: Zadorozhna, Tataranni and
Mangieri, 2019; quercetin: Tang et al., 2020; resveratrol: Jiang et al., 2017; silibinin: Jahanafrooz et al., 2018;
sulforaphane: Nandini et al., 2020). One recent study assessed the individual and combined effects of
quercetin, curcumin, lycopene and sulforaphane on the viability and proliferation of normal and cancerous
colon cells. The authors stated that the similar mechanisms by which these four phytochemicals exhibit their
anti-cancer activities ‘encourages reflection on their impact on the human body when used jointly’ (Langner
et al., 2019). Interestingly, they found that the anti-proliferative effect of the combination mix was greater
than the sum of the individual effects of each of the four phytochemicals in HT-29 cells. While the specific
interactions of these four compounds with each other were not investigated, the results indicated that there
was some synergism among them. The authors proposed this may be because each compound used exhibits
anti-cancer activities via different molecular mechanisms, but it should be noted that it is possible that one
or more compounds were acting as adjuvants.

Several phytochemicals have been studied specifically as potential adjuvants for curcumin. Piperine is
perhaps the most extensively studied and has been shown to improve the bioavailability of curcumin in
numerous studies (Table 3). Piperine, quercetin and silibinin have been shown to inhibit UGTs in the liver
(Grancharov et al., 2001; Reen et al., 1993; Williams et al., 2002), and piperine is also thought to inhibit
SULTs (Zeng et al., 2017). A recent study found that silibinin, quercetin and tangeretin all reduced curcumin
glucuronidation in mouse liver microsomes but, contrary to other studies, piperine did not (Grill et al.,
2014). In the same study, an in vivo assessment using mice showed that quercetin, silibinin and piperine
were effective at improving post-administration plasma levels of curcumin. The authors proposed that the
improved bioavailability of curcumin by piperine in mice may be a result of its effect on curcumin absorption
rather than its ability to inhibit its metabolism. Previous evidence has demonstrated that piperine can
inhibit P-glycoprotein, an efflux transporter in intestinal epithelial cells that reduces the absorption of
curcumin (Bhardwaj et al., 2002). Another study showed that piperine could affect the membrane dynamics
and permeation characteristics of the intestines, which could improve its permeability and lead to increased
absorption of drugs (Khajuria et al., 2002). However, more research is needed to establish the underlying

mechanisms that are responsible for the observed improvements in bioavailability.

A note on colorectal cancer

The relatively large fraction of orally administered curcumin that is not absorbed by the intestinal epithelial
cells ends up passing through the colon and rectum to be egested in faeces. Thus, curcumin may be of most



use for CRC. Many studies have focused their investigations on this area of the digestive system and used
CRC cell lines and xenografts to study the chemopreventative activities of curcumin. These have been
extensively reviewed (Johnson and Mukhtar, 2007; Weng and Goel, 2020). However, by the time curcumin
reaches the colorectal area, it has been subjected to a significant amount of metabolic degradation. Thus, it
would still be beneficial to reduce the transformation of curcumin through delivery systems like the ones
described previously. The use of nanoformulations of curcumin specifically for the treatment of CRC has
been recently reviewed (Wong et al., 2019).

Name Type Sources

Piperine Polyphenol  Long pepper and black pepper

Quercetin Polyphenol  Various fruits and vegetables Examples: apples, onions
Silibinin Polyphenol  Milk thistle

Resveratrol Polyphenol  Various fruits and vegetables Examples: red grapes, red onion
Lycopene Carotenoid  Various fruits and vegetables Examples: tomatoes, watermelon

Sulforaphane  Carotenoid  Cruciferous vegetables Examples: broccoli, cabbage

Table 2: Examples of phytochemicals that have chemopreventative activities and have been trialled as adjuvants
for curcumin. Table constructed by author.

Studies using piperine as an adjuvant for curcumin Reference
Piperine increased the serum concentration and time to maximum and decreased the (Shobaetal.,
elimination half-life and clearance of curcumin in rats and humans. 1998)
Piperine enhanced the effect of curcumin on breast stem cell self-renewal. (Kakarala et
al.,2010)
Piperine attenuated the morphological, histopathological, biochemical, apoptotic and (Patial etal.,
proliferative changes in the liver and serum by curcumin. 2015)
Piperine potentiated the inhibition of mMTORC1* signalling by curcumin in human intestinal (Kauretal.,
epithelial cells. 2018)
PiperineEmulsomes additively contributed to the chemopreventative effects of (Bolatetal.,
CurcaEmulsomes on HCT116 cells. 2020)

Table 3: Examples of studies testing piperine as an adjuvant for curcumin. Table constructed by author.

Is turmeric the best option?

As discussed previously, there is strong evidence that co-delivery of phytochemicals can improve the
bioavailability and therefore the chemopreventative activities of curcumin. Given that turmeric naturally
contains many phytochemicals (Figure 2), it is reasonable to hypothesise that treatment of turmeric in its
entirety may be a more effective chemopreventative agent than just curcumin. A handful of studies have
investigated this line of reasoning, and these are discussed below.

Carotenoids are a group of phytochemicals that belong to the tetraterpene family and are known to exhibit
anti-cancer activities (Milani et al., 2017). Previously, the carotenoids lycopene and sulforaphane were



mentioned regarding a study where a mix of lycopene, sulforaphane, quercetin and curcumin showed
synergistic effects on colon cancer cells (Langner et al., 2019). While the different phytochemicals were not
tested for their individual synergistic effects with curcumin, two out of three of the phytochemicals delivered
with curcumin were terpenes. To that end, it is reasonable to propose that other terpenes may also show
synergistic effects with curcumin. Turmeric does not contain tetraterpenes, but does contain a large array of
other types of terpenes, such as sesquiterpenes (Figure 2). In fact, sesquiterpenes and curcuminoids in
turmeric have been indicated to have synergistic effects in relation to blood glucose levels in type II diabetes
(Nishiyama et al., 2005). While there has not been much research into the interactions of the phytochemicals
in turmeric, a handful of studies have compared the bioavailability and the chemopreventative potential of

curcumin administered alone or in turmeric (with an equal amount of curcumin).

In one study, the effects of curcumin and ETE were compared in colon-cancer xenograft-bearing mice. While
curcumin inhibited tumour growth by 26.6 per cent, ETE inhibited it by 38.9 per cent (Yue et al., 2016). ETE
also significantly reduced tumour weight and increased the apoptotic area to a greater extent than curcumin,
but quantitative results were not reported. In the same study, the presence of turmerones was shown to
enhance the inhibitory effects of curcumin on human colon cancer cell lines, and it was concluded that there
was a strong indication of synergism. In another study, turmeric was found to be more potent than curcumin
at inhibiting the growth of various human cancer cell lines, namely myelogenous leukaemia, colon
adenocarcinoma, pancreatic cancer, breast and multiple myeloma (Kim et al., 2012). Interestingly, in a study
that separated the three major curcuminoids in turmeric (curcumin, dmC and bdmC), turmeric extract
exhibited a similar level of inhibition of human lung cancer cell viability to dmC and bdmC at lower
concentrations (2—-5ug/ml) but was more inhibitory at higher concentrations (Kukula-Koch et al., 2018). At
10pg/ml, turmeric extract inhibited cell viability by 70 per cent, while the same concentration of dmC and
bdmC showed 60 per cent inhibition, and curcumin showed hardly any. This was consistent with other
studies which had investigated individual curcuminoids and found dmC and bdmC to be more effective
chemopreventative agents than curcumin (Basile et al., 2009; Thapliyal and Maru, 2001; Yodkeeree et al.,
2009).

These studies demonstrated that turmeric exhibited more potent chemopreventative activities than
curcumin alone, but whether this was a result of the cumulative anti-cancer activities of individual
compounds or because of adjuvant/synergistic effects was not able to be established. However, some studies
have investigated the bioavailability of curcumin when administered alone or in turmeric (with an equal
amount of curcumin). One study found that a turmeric diet given to rats led to a significantly higher
concentration of curcumin in the intestines than a curcumin diet (Martin et al., 2012). This led the authors
to conclude that curcumin delivered in turmeric had a higher bioavailability than curcumin alone. While the
authors did not specify, it appears that the measurements were of curcumin only and not its metabolites.
Thus, the markedly higher concentration of curcumin in the intestine when it was administered in turmeric
suggests either that it was more bioaccessible (perhaps more soluble in GI fluids) and/or that it was more
protected from metabolic degradation. Additionally, the smaller yet notable increase in curcumin
concentration in serum indicates that more curcumin was absorbed when it was administered in turmeric.
This is consistent with findings by another set of researchers who investigated the role of turmerones, a sub-
group of sesquiterpenes, in turmeric. In one study, an in vitro Caco-2 cell monolayer model was used to
investigate the effect of turmerones on the transport of curcumin, and it was found that the presence of
turmerones increased the accumulation of curcumin inside colonic cells (Yue et al., 2012). Another study
investigated the effects of turmeric and curcumin on glucuronidation (catalysed by UGTs) and sulfation
(catalysed by SULTSs) in Caco-2 cells. Given that these conjugation reactions are involved in both the



metabolic activation of carcinogens and the metabolic degradation of curcumin, a higher level of inhibition
is desirable. They found that turmeric and curcumin inhibited sulfation to a similar extent, but that turmeric
inhibited glucuronidation more so than curcumin (Naganuma et al., 2006). This indicates that compounds in
turmeric other than curcumin may also inhibit glucuronidation and could be one of the mechanisms
underlying the improved bioavailability of curcumin when it is delivered in turmeric.

Together, these studies provide evidence that other compounds in turmeric can improve the bioavailability
of curcumin; turmerones can improve its absorption in the intestines and other compounds could be
involved in inhibiting its metabolic degradation, but it is not yet known which. The improved bioavailability
of curcumin in turmeric could at least partly account for the improved chemopreventative potential of
turmeric that has been demonstrated; however, it is also possible that the cumulative anti-cancer activities
of the compounds in turmeric contribute to this superiority. More research should be done to address these

uncertainties and to deduce the underlying mechanisms.

Future directions

The chemopreventative effects of curcumin are well-established in the literature, but its low bioavailability
has presented issues of clinical efficacy. It has been demonstrated by several studies that treatment with
turmeric can lead to better therapeutic outcomes than treatment with curcumin alone. Given the
chemopreventative effects of many non-curcuminoids, it is likely that there is a cumulative effect of the
chemopreventative activities of the compounds in turmeric. However, a handful of studies have shown that
curcumin delivered in turmeric may have improved oral bioavailability than when it is administered alone,
and so this is likely to contribute to the improved chemopreventative effects of turmeric shown in other
studies. The potential for phytochemicals to act as adjuvants to improve the bioavailability of curcumin has
been well-established. However, given the small number of studies comparing the chemopreventative
potential and bioavailability of turmeric and curcumin, and the even smaller number investigating the
interactions underlying this, more investigation should be done to confirm these findings to establish
whether turmeric truly is the superior treatment. If this proves to be the case, it should be the focus of
clinical trials rather than curcumin alone. This view is shared by the authors of some of the key studies
discussed previously, and was expressed in their recent review (Lau and Yue, 2020).

The use of phytochemicals is an area of interest for both cancer prevention and treatment. There is a need
for alternative and adjuvant therapeutics due to the severe side effects of traditional treatments as well as
the emerging and serious issue of chemotherapeutic drug resistance. However, as mentioned previously, it is
reported that a significant proportion of cancers can be prevented through diet, particularly those cancers of
the digestive system such as colorectal cancer. Thus, more focus should be aimed at chemoprevention. Given
their natural presence in the diet, increased intake of turmeric and other foods containing phytochemicals

should be encouraged to reduce the incidence of cancer.
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Glossary

Adjuvant: A treatment that enhances an existing medical regimen, as a pharmacological agent added to a
drug to increase or aid its effect (The American Heritage Medical Dictionary).

Apoptosis: Programmed cell death (Farlex and Partners Medical Dictionary).

Bioavailability: The degree to which a drug or other substance becomes available to the target tissue after
administration (Miller-Keane Encyclopaedia and Dictionary of Medicine, Nursing, & Allied Health).

Carcinogen: A substance that causes cancer (Miller-Keane Encyclopaedia and Dictionary of Medicine,
Nursing, & Allied Health).

Chemoprevention: The use of chemical agents, drugs, or food supplements to prevent the development of

cancer (The American Heritage Medical Dictionary).

Chemosensitiser: Any of several compounds that make cells, especially tumour cells, sensitive to

chemotherapeutic agents (The American Heritage Medical Dictionary).

Curcuminoid: Any of several polyphenols, including curcumin, found in turmeric and other species in the
genus Curcuma (The American Heritage Medical Dictionary).

Cytotoxic: Of, relating to, or producing a toxic effect on cells (American Heritage Dictionary of the English
Language).




Epigenetics: Changes in the way genes are expressed that occur without changes in the sequence of nucleic

acids (Farlex and Partners Medical Dictionary).

Metastasis: A secondary cancerous growth formed by transmission of cancerous cells from a primary growth
located elsewhere in the body (The American Heritage Medical Dictionary).

Mutagen: A substance or agent that can induce genetic mutation (Collins English Dictionary); Anti-mutagen
A factor that interferes with the mutagenic actions or effects of a substance (Farlex Partner Medical
Dictionary).

Phenolic: Of, relating to, containing, or derived from phenol, an aromatic organic compound (The American
Heritage Medical Dictionary).

Phytochemical: A non-nutritive bioactive plant substance, such as a flavonoid or carotenoid, considered to
have a beneficial effect on human health (also known as phytonutrient) (The American Heritage Medical

Dictionary).
Proliferation: Growth and reproduction of similar cells (Medical Dictionary for the Health Professionals).

Synergistic: The combined action of two or more processes is greater than the sum of each acting separately
(Gale Encyclopaedia of Medicine).

Terpenoid: A class of chemical compounds including all terpenes, a naturally occurring chemical compounds

found in plants and some animals. (The American Heritage Medical Dictionary).
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