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Abstract Phytochemicals are chemical compounds from
fruits, vegetables, or grains and they have been used to treat
various diseases for thousands of years. More than one million
people in the United States get cancer each year. Although
recent advances in medicine have improved the outcomes
for cancer patients, there is still a need for novel approaches
in the fight against cancer. One such approach that has shown
promise in recent years is the use of phytochemicals alone or
as synergistic agents. In this review, we will discuss the use of
phytochemicals as therapeutic agents against cancer with an
emphasis on apple extract.
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Introduction

Cancer is a major public health concern in US and about 1,
665,540 new cases of cancer are projected to occur in USA in
2014 [1]. The prognosis of cancer has been improved signif-
icantly in recent years, however, 585,720 deaths due to cancer
are projected to occur in USA in 2014. It is estimated that one
in four deaths is associated with cancer [1]. It is obvious that
there is still an urgent need for novel approaches in the fight
against cancer. One such approach that has shown promise in
recent years is the use of phytochemicals from natural plants

alone and as synergistic agents. The first documented medic-
inal herbal literature dates back to the ancient Chinese emper-
or, Shen Nung, in 2800 BC [2] and natural plants and their
products have been used to treat various diseases for thou-
sands of years. Phytochemicals are chemical compounds
made from fruits, vegetables, or grains and relates to any
number of vitamins, minerals or bioactive compounds pro-
duced by the plant [3, 4]. These chemicals are responsible
for a variety of features such as vivid colors in fruits, and
vegetables, the flavors they produce, or strong aromas like
those of onions and garlic. Specifically, these compounds
have been shown to inhibit or attenuate the initiation, progres-
sion and spread of cancers in cell in vitro and in animals
in vivo [5, 6]. This review covers the use of phytochemicals
as therapeutic agents against cancer cells in the hopes to frame
where their use in cancer research should go next.

Bioavailability of Phytochemicals

Upon ingestion, certain levels of phytochemicals must be
achieved in the host in order for any of the apparent anti-
cancer benefits can be utilized. As yet, a limited amount of
studies have been conducted addressing the issue of the bio-
availability of phytochemicals [7]. Recent studies have con-
ducted with ileostomy patients have demonstrated that the
acute consumption of 1 L of cloudy apple juice resulted in
an up to 33 % recovery of the orally applied polyphenols in
the ileostomy bags, indicating that the majority of the phyto-
chemicals are absorbed in the proximal portions of the intes-
tine and metabolized, while small amounts of unmetabolized
polyphenols recovered in the ileostomy effluent would be
available to the colon under physiologic circumstances [8, 9].
This tells us that there is a fairly low bioavailability for the
chemicals to do their work in the host. It has been suggested
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that there may be a degree of bacterial degradation in the
intestinal tract [7]. In a studies conducted by Hollman et al.
[10] it was shown that quercetin derived from onions had a
higher bioavailability than quercetin derived from apples. It
was surmised that this may be due to the differences in quer-
cetin conjugates in either of the two. Further study examined
the same quercetin conjugates from apple peel and onion, both
quercetin and quercetin-3-glucoside. The study found that
there was no free quercetin in apple peel extract and very little
quercetin-3-glucoside was absorbed by the treated cells. On
the other hand, onion was shown to have some free quercetin
and greater amounts of quercetin glucosides, and the absorp-
tion of quercetin was much great in the cells treated with onion
extracts than from the apple extracts [7]. Other studies have
shown that in regards to apple extracts, which most of the
phytochemical bioavailability revolved around, overall, cate-
chins and quercetin glucosides seem to be the best absorbed of
the apple phytochemicals, with the procyanidins and anthocy-
anins (if present) being not as well absorbed [11]. Uniquely,
the phytochemical lectin was shown to resist digestion
resulting in high bioavailability [12]. This feature allows the
cellular mechanisms of the host to utilize the full potential of
the anti-cancer properties lectin has to offer. Thus, high intake
of lectins can have dramatic anti-cancer benefits. Future study
is needed in regards to the bioavailability of phytochemicals.
Moreover, due to the extensive evidence that phytochemicals
derived from apple extracts have promising anti-cancer effects,
high-concentration delivery methods should be a future con-
sideration for study.

Phytochemicals in Cancer Treatment

The Role of Phytochemicals in Cancer Treatment
as Synergistic Agents

Implementing the use of phytochemicals as a direct treatment
against established cancer cells may seem like a relatively new
concept. Modern science has repeatedly shown the efficacy of
natural plant products as synergistic agents against cancer
cells and, all phytochemicals tend to increase the therapeutic
effect by blocking one or more targets of the signal transduc-
tion pathway by increasing the bioavailability of the other
drug, or by stabilizing another drug in the system [13]. An
example being the use of the phytochemical curcumin as a
synergistic agent along with modern chemotherapy drugs
such as tamoxifen, cisplatin, daunorubicin, and vincristine
[14]. The potency of a combination such as this was witnessed
in a study conducted by Li et al. [15] which showed that an
apple oligogalactan enhanced the growth inhibitory effect of
the COX-2 inhibitor celecoxib in colitis-associated colorectal
cancer. Impressively, the study showed the phytochemicals to
be effective both in vitro and in mouse models in vivo. Studies

have shown that curcumin sensitizes drug-resistant cells. In
one such study, curcumin actually reversed multi-drug-
resistance in certain cancer cells and facilitated the accumula-
tion of doxorubicin and mitoxantrone in those cells, thereby
increasing the cells sensitivity to the chemotherapeutic drugs
[14]. Correspondingly, potentially beneficial interactions be-
tween curcumin and other dietary phytochemicals such as
quercetin, found in apples, onions, and citrus fruits have been
found [16]. This would imply that a diet rich in phytochemical-
containing foods could be used as a first line of defense, or as a
compliment to traditional cancer treatments. On the other end
of the spectrum, curcumin has been shown to protect DNA
from chromatid breaks induced by radiation and there is also
evidence that a number of other phytochemicals provide an
extended window of protection against low-dose, low-dose-
rate irradiation, including therapeutic potential when adminis-
tered after irradiation [17, 18]. This shows that curcumin has
the potential to take a pivotal role in cancer treatment in the
near future.

The Role of Phytochemicals in Cancer Treatment
as Stand-Alone Agents

Aside from synergistic effects, there is evidence that shows
that phytochemicals are effective as stand-alone anti-cancer
agents. In a recent study, extract isolated from the peel of
organic Gala apples, conveyed a significant decrease in via-
bility of a variety of cancer cell lines. Specifically, the study
showed a significant decrease in growth and clonogenic sur-
vival of human prostate carcinoma CWR22Rv1 and DU 145
cells and breast carcinoma Mcf-7 and Mcf-7:Her18 cells.
Furthermore, the apple peel extract exerted a G0-G1 phase
arrest of prostate and breast cancer cells, as well as a marked
increase in the tumor suppressor protein maspin that negative-
ly regulates cell invasion, metastasis, and angiogenesis [19]. A
study carried out by McCann et al. found similar results, indi-
cating that a crude extract of apple phenolics inhibits carcino-
genesis, as well as improves barrier function and protects
DNA from damage [20]. Evidence that phytochemicals can
act as stand-alone anticancer agents is a great advancement in
cancer research due to the wide availability of their sources
and relatively cheap price. Another mechanism under which
phytochemicals have been shown to exert their anti-cancer
effects is through redox reactions. In one particular situation,
phenolic phytochemicals were shown to both scavenge the
H2O2 utilized as signaling molecules in metastatic cancer
cells to aid in survival and proliferation, as well as create the
adverse situation in which they induced the formation of
H2O2 to achieve intolerable levels of oxidative stress on the
cancer cells, leading to cell cycle arrest and apoptosis [21].
There are other examples of phytochemicals inducing cell
cycle arrest, leading to apoptosis in cancer cells from a variety
of different angles. Kern et al. [22] explored the interaction
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between apple extracts and Protein Kinase C (PKC) which is
among the signaling elements that is known to play an impor-
tant role in colon cancer carcinogenesis. Their study examined
whether the apple polyphenols affected PKC activity that
would lead to apoptosis in human colon carcinoma cell line
HT29. Although the study showed that apple extract inhibited
PKC activity in a cell-free system, the results showed minimal
interaction occurred within intact cells. However, the apple
extract was shown to induce apoptosis by the activation of
caspase-3, DNA fragmentation, and cleavage of poly(ADP
ribose) polymerase. So even though the study showed that
PKC is not a primary target for phytochemicals in apple
extract, it did show that they were successful in inducing
apoptosis by other means [22]. Another study conducted
by Li et al. [23] using the same HT29 human colon car-
cinoma cells, showed that an oligosaccharide (a phyto-
chemical component) derived from apple decreased the
HT29 cellular viability in a dose-dependent manner.
Furthermore, it was shown that the apple oligosaccharide
enhanced the expression of Bax, and decreased the levels
of Bcl-2 and Bcl-xl. Ultimately the results indicated that
apple oligosaccharide attenuated HT29 cell viability by
inducing cell cycle arrest and apoptosis.

There are other studies that have positive results in regards
to phytochemicals causing the induction of cell cycle arrest
and apoptosis in carcinoma cells. One such study was con-
ducted by Zheng et al. [24] who showed that apple polyphe-
nols inhibited the proliferation and induced apoptosis in ade-
noid cystic carcinoma, a highly invasive and metastatic can-
cer, possibly through the downregulation of VEGFR-2 ex-
pression and the activation of caspase-3 expression. Similar
results were reached in a study carried out by Sudan and
Rupasinghe [25] when they treated hepatocellular carcinoma
cells with flavonoids derived from the peels of Northern Spy
apples. Their results also showed that the phytochemical
inhibited proliferation, reduced cellular viability, and in-
duced apoptosis via activation of the caspase-3 pathway.
Along these same lines, a study that was conducted by
Sun and Liu [26] suggested that phytochemicals derived
from cranberry extracts possess the ability to suppress the
proliferation of human breast cancer MCF-7 cells and that
the suppression induced, at least in part, cell cycle arrest
and apoptosis. Since the incidence of breast cancer is a
burgeoning issue in the United States, breakthroughs in
treatment are a welcomed event. Ray et al. [27] utilized
bitter melon extract against the MCF-7 breast cancer cells,
as well as MDA-MB-231 and primary human mammary
cells as in vitro models to test the bitter melons efficacy as
an anticancer agent. The study showed that bitter melon
decreased the proliferation and induced apoptosis in the
breast cancer cells. Moreover, studies have shown that
phytochemicals and apple extracts can inhibit prolifera-
tion of MCF-7 breast cancer cells through the inhibition

of TNF-α-induced NF- B activation of the MCF-7 cells
by inhibiting the proteasomal activities [28].

There are many more mechanisms by which phytochemi-
cals exert anti-cancer effects on established cancer cells. Some
of which include: inhibition of proteasome activity leading to
cancer cell death from the extract of apple, grapes, and onion
[29]; inhibition of tumor promoter-induced carcinogenesis by
blocking reactive oxygen species-mediated AP-1-MAPK ac-
tivation by fresh apple peel extract [30]; the inhibition of tran-
scription factors and suppression of cell adhesion and cell
migration of highly invasive breast and prostate cancer by
Ganoderma lucidum [31]; the inhibition of aromatase activity
and proliferation of MCF-7aro cells in an aromatase-
transfected breast cell line by white button mushrooms [32];
inhibition of the protein tyrosine kinase activity of epidermal
growth factors receptors in intact colon cancer cells by apple
juice extract [33]; the induction of apoptosis and necrosis in
drug-sensitive and multidrug-resistant leukemia cells by
Annona glabra (pond apple) seed extract [34]; the modulation
of genes involved in toxicological defense against colon can-
cer risk factors by apple flavonoids in apple extract [35], and
the inhibition of DNA methyltransferase proteins with the
ability to reactivate silenced tumor suppressor genes in colo-
rectal cancer by annurca apple extract [36]. This is only to
name a few and many more examples can be found through-
out the scientific literature.

Phytochemicals in Cancer Prevention

The role of phytochemicals in biological science has beenwell
documented. Research in the subject goes back more than
30 years, when initial research was conducted to examine
the estrogenic effects of phytochemicals in the breeding of
farm animals [37]. Curcumin, resveratrol, and their related
derivatives are the most studied compounds in this topic so
far, yet there is a multitude of evidence that other phytochem-
icals act as anti-invasion, anti-angiogenic, and anti-metastatic
agents [38, 39]. As their use in research has expanded, it has
now been shown that phytochemicals, including phenolics,
express a high rate of anticancer properties. Phenolics from a
large variety of plant foods, spices and beverages have been
shown to inhibit or attenuate the initiation, progression and
spread of cancers in cells in vitro and in animals in vivo and
are becoming increasingly important sources of anticancer
compounds [5, 40]. There is a capacious amount of evidence
advocating that increased consumption of 5 to 10 servings of a
wide range of fruits and vegetables which are high in phyto-
chemicals significantly reduces the incidence of cancers and
other chronic diseases [41, 42]. This is of particular interest to
Western culture, where the common high-fat, high-protein,
low-fiber diet has been shown to increase the risk of certain
cancers, particularly colorectal cancer. A recent four-arm
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study has shown that mice fed Annucra Apple Polyphenol
Extract for 12 weeks had a significant drop in polyps when
compared to mice fed a Western diet. This supports the claim
that natural phytochemicals are a plausible chemopreventive
agent [43]. Apples contain high levels of polyphenols and
other phytochemicals, specifically in the peel [44]. Main
structural classes of apple phytochemical constituents com-
prise hydroxycinnamic acids, dihdrochalcones, flavonols such
as quercetin glycosides, catechins and oligomeric
procyanidins, and triterpenoids in the peel and anthocyanins
in red apples. These phytochemicals influence multiple mech-
anisms important to cancer prevention in in vitro studies to
include: antimutagenic activity, modulation of carcinogen me-
tabolism, antioxidant activity, anti-inflammatory mechanisms,
modulation of signal transduction pathways, antiproliferative
and apoptosis-inducing activity, as well as novel mechanisms
on epigenetic events and innate immunity [11]. The evidence
of phytochemicals as a potent inhibitor of carcinogenesis con-
tinues in further studies. One such study showed that phyto-
chemicals inhibited the serum and growth factor-stimulated
proliferation of cultured human cancer cell lines. While
among animal models, phytochemicals inhibited serum
prostate-specific antigens and induced p21 by a py p53-
independent pathway. Furthermore, the study showed phyto-
chemicals inhibited epidermal growth factor autophosphory-
lation and NF-kappa B activation [37]. In observational stud-
ies, note has been taken that populations with a diet high in
phytochemicals show a marked decrease in the risk of devel-
oping cancers. An example of this was observed in certain
Asian populations carrying a lower risk of breast and endo-
metrial cancer when compared to Western-born Asian wom-
en. The American-born Asian populations under observation
had as much as a 60% higher risk of developing breast cancer
relative to the women born in Asia. The link was tied to diet,
where Asian-born women ate more vegetables and soy which
are high in phytochemicals [45]. Along these same lines, the
chemopreventive properties of phytochemicals were
highlighted in a Finnish study, where apple consumption in
10,000 men and women was associated with a lower risk of
lung cancer. Moreover, the results of a case-control study of
528 cases and 528 controls conducted in Hawaii found statis-
tically significant inverse associations between lung cancer
risk and onions and apples as a main food source of the phy-
tochemical quercetin [46]. Another example of phytochemical
use in cancer prevention comes from a study that utilized
Indole-3-Carbinol, a metabolite from cruciferous vegetables,
to hinder human mammary carcinogenesis. The experiment
was conducted on reduction mammoplasty derived 184-B5
cells initiated with chemical carcinogen (184-B5/BP) or with
oncogene (184-B5/HER), and on mammary-carcinoma-
derived MDA-MD-231 cells to study, among other things,
whether Indole-3-Carbinol inhibits proliferation in initiated
transformed cels. The study concluded that the phytochemical

Indole-3-Carbinol does have cancer-preventive efficacy when
it showed that transformed cells treated with the substance had
a 2-fold increase in cellular apoptosis, and a 54 %-61 % inhi-
bition of growth [47]. Furthermore, a study of phytochemicals
from Red Delicious apple peels showed that the isolated com-
pounds quercetin and quercetin-3-O-β-d-glucopyranoside
showed potent antiproliferative activities against HepG2 and
MCF-7 cells [48]. Similarly, in a study conducted in 2014,
apple extract was demonstrated to suppress rat tongue carci-
nogenesis through anti-inflammatory activity and apoptosis
[49]. Finally, in a study of 7209 cancer patients suffering from
a range of different cancers to include: 598 patients with can-
cers of the oral cavity and pharynx, 304 of the oesophagus,
460 of the larynx, 1953 of the colorectum, 2569 of the breast,
1031 of the ovary ad 1294 of the prostate. The cancer patients
were compared to 6629 patients admitted to the same network
of hospitals as cases for acute, non-neoplastic diseases using
multivariate ratios allowing for demographic and biological
differences. The results of the study showed that patients
who reported eating one of more apples per day had a sta-
tistically significant decrease in incidence of cancer [50].
Although this study has its obvious limitations, the inverse
association between apple consumption and the risk of var-
ious cancers lends credence to the hypothesis that phyto-
chemicals help prevent multiple types of human cancers.
The evidence supporting the use of phytochemicals against
cancer does not stop at prevention. There is a mountain of
evidence showing that phytochemicals can be used to direct-
ly treat established cancers as well. However, when consid-
ering phytochemicals as an in vivo agent against established
cancers, one must consider the factors of bioavailability and
metabolism.

Conclusion

The evidence seems to be clear that phytochemicals have
promising anti-cancer properties, yet this review has only
scratched the surface of what these chemical derivatives have
to offer. Apple extracts appear to perhaps have one of the most
promising futures in the fight against cancers. It is recom-
mended that apple extracts be explored in other avenues of
cancer treatments in the future. Furthermore, there are many
medicinal plants used in foreign cultures that have not been
subjected to in vitro and in vivo studies that should also be
considered for future study.
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