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Abstract: Most cancer therapeutics, such as tubulin-targeting chemotherapy drugs, cause cytotoxic,
non-selective effects. These harmful side-effects drastically reduce the cancer patient’s quality of life.
Recently, researchers have focused their efforts on studying natural health products (NHP’s) which have
demonstrated the ability to selectively target cancer cells in cellular and animal models. However, the major
hurdle of clinical validation remains. NHP’s warrant further clinical investigation as a therapeutic option
since they exhibit low toxicity, while retaining a selective effect. Additionally, they can sensitize cancerous
cells to chemotherapy, which enhances the efficacy of chemotherapeutic drugs, indicating that they
can be utilized as supplemental therapy. An additional area for further research is the investigation
of drug–drug interactions between NHP’s and chemotherapeutics. The objectives of this review are
to report the most recent results from the field of anticancer NHP research, and to highlight the most
recent advancements in possible supplemental therapeutic options.

Keywords: complementary and alternative medicine (CAM); cancer; natural compound; integrative
oncology; natural health product (NHP); apoptosis; drug–drug interaction; neoplasm; anti-cancer effect

1. Introduction

Cancer is amongst the most prevalent diseases in modern-day society. Nearly 10 million people
died from the disease in 2017, and every sixth death in the world is attributed to cancer [1]. Following a
cancer diagnosis, healthcare professionals will decide on the best course of treatment, often combining
multiple types of treatments or therapies. Removal of the tumour is often done via surgery and
referred to as the primary treatment, followed by adjuvant therapy such as chemotherapy to lower
the chances of tumour formation in the future. Neoadjuvant therapy refers to treatment given before
the primary treatment and is also used to lower the chances of a future recurrence of a malignant
tumour [2]. Examples of adjuvant therapies include chemotherapy, hormone therapy, radiation therapy,
and immunotherapy amongst others [2]. Chemotherapy in particular is a widely used adjuvant
treatment for a wide variety of cancers. However, there are significant and long-term toxic side-effects
of chemotherapies that have been reported in the literature. For example, in breast cancer, the use
of chemotherapy is still prevalent as a form of adjuvant therapy for the treatment of the disease.
However, there are several notable side effects of chemotherapy use in breast cancer patients; this is

Int. J. Mol. Sci. 2020, 21, 8480; doi:10.3390/ijms21228480 www.mdpi.com/journal/ijms

http://www.mdpi.com/journal/ijms
http://www.mdpi.com
https://orcid.org/0000-0002-8229-6102
https://orcid.org/0000-0003-3531-5961
https://orcid.org/0000-0001-9538-3902
https://orcid.org/0000-0002-4966-5391
https://orcid.org/0000-0002-7273-7154
http://www.mdpi.com/1422-0067/21/22/8480?type=check_update&version=1
http://dx.doi.org/10.3390/ijms21228480
http://www.mdpi.com/journal/ijms


Int. J. Mol. Sci. 2020, 21, 8480 2 of 32

a significant issue because there are several million breast cancer survivors in the United States
alone, and the risk of disease recurrence is high [3]. Side-effects from adjuvant chemotherapy can be
short-term which refers to side-effects that occur during a course of treatment and last temporarily
or do no last beyond the period of treatment, or they can be long-term effects which typically are
experienced after cessation of treatment and lasts for a significant period of time or permanently [4].
Significant side-effects of chemotherapy use include ovarian failure in premenopausal women,
weight gain, decrease in bone density that increases risk of fractures, sensory and motor neuropathy
leading to pain and paresthesia, and left ventricular dysfunction [3,4]. Neurocognitive dysfunction
(“chemo-brain”) is estimated to be reported by 75% of women who receive chemotherapy within
2 years after treatment and is reported as a decline in attention, memory, and concentration [3,4].
Another severe yet rare long-term side effect of chemotherapy treatment is the development of
a secondary hematological malignancy, such as leukemia [3,4]. Radiation therapy also has certain
side-effects, such as neurological deficits due to vascular damage and fibrosis of neural structures
depending on the total dose and other factors [5]. Other chemotherapeutic agents that can penetrate
the blood–brain barrier, such as cytarabine, methotrexate, nitrosoureas, and procarbazine can induce
acute encephalopathy. Radiation to the brain and neck along with chemotherapeutic agents such
as cyclosporine, doxorubicin, methotrexate, and cisplatin (when administered along with other
chemotherapeutic agents) can increase the risk of stroke [5]. All of the above are side-effects of
conventional therapies used in the treatment of a broad spectrum of cancer diseases. It is self-evident
and understandable through the descriptions of these unwanted yet unavoidable side-effects that
they can significantly hamper daily routines and lower the quality of life of patients over both the
short and long-term. Certain natural health products (NHP’s) might offer a solution that alleviates the
side-effects, at least partially, without interacting negatively with the conventional adjuvant therapies
being administered.

When patients opt to use a non-mainstream treatment as a supplementary or additional treatment
modality in addition to the conventional adjuvant therapy such as chemotherapy (CT) and radiation
therapy (RT), it is referred to as complementary medicine. Alternative medicine is the term employed
when the non-mainstream treatment replaces the conventional modes of treatment completely,
such as a patient opting to forego chemotherapy for homeopathic treatments. Integrative medicine
combines complementary and conventional approaches to promote holistic health that emphasizes
“mental, emotional, functional, spiritual, social and community aspects” of health [6]. Although there
are many claims with regard to the efficacy of complementary and alternative treatments, it is important
to examine claims made by practitioners and proponents in light of the scientific evidence. According to
the national centre for complementary and integrative medicine (NCCIH), NHP’s include products
such as herbs (botanicals), vitamins and minerals, and probiotics. According to a 2012 National Health
Interview Survey (NHIS), 17.7% of American adults used NHP’s, which represented the most popular
option within the various complementary treatments that are available [6]. Patients who use CAM are
most likely doing it to actively cope with their disease and make conscious decisions towards health and
general well-being by making changes to their lifestyle and increasing social support. Individuals who
use active coping strategies reported having greater emotional and physical well-being [7–9]. One of
the primary concerns surrounding the use of CAM therapies is the potential for negative interactions
with conventional treatments, which can lower the efficacy of treatment. The National Cancer Institute
resounds this warning as a recommendation, “Cancer patients who are using or considering using
complementary or alternative therapy should talk with their doctor or nurse. Some therapies may
interfere with standard treatment or even be harmful. It is also a good idea to learn whether the
therapy has been proven to do what it claims to do” [10]. In the case of cancer, an example of negative
interaction between a CAM therapy and conventional treatment would be that of St. John’s wort.
St. John’s wort is one of the most commonly used herbal medicines. It is often used to treat depression
and anxiety; however, it can decrease the efficacy of certain anticancer drugs and antineoplastic drugs
as a result of hyperforin (active compound in St. John’s wort) inducing the CYP3A4 enzyme system
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and P-glycoprotein drug transporter which subsequently increases hepatic metabolism and leads
to increased clearance of the drugs [10,11]. On the other end of the spectrum, CAM therapies can
have positive synergistic interactions with convention treatment modalities (Figure 1). An example of
this would be that of milk thistle and chemotherapy drugs. An active compound found within milk
thistle, which is often used by patients with liver disease, is silymarin. It is reported that this active
compound has a hepatoprotective effect used as an adjunct with cancer therapies, and furthermore that
it exhibits synergistic effects when used in combination with doxorubicin, cisplatin, and carboplatin [12].
Therefore, it is important for healthcare providers and patients alike to be aware of the risks and
benefits conferred through the use of NHP’s.

Int. J. Mol. Sci. 2020, 21, x FOR PEER REVIEW 3 of 32 

 

transporter which subsequently increases hepatic metabolism and leads to increased clearance of the 
drugs [10,11]. On the other end of the spectrum, CAM therapies can have positive synergistic 
interactions with convention treatment modalities (Figure 1). An example of this would be that of 
milk thistle and chemotherapy drugs. An active compound found within milk thistle, which is often 
used by patients with liver disease, is silymarin. It is reported that this active compound has a 
hepatoprotective effect used as an adjunct with cancer therapies, and furthermore that it exhibits 
synergistic effects when used in combination with doxorubicin, cisplatin, and carboplatin [12]. 
Therefore, it is important for healthcare providers and patients alike to be aware of the risks and 
benefits conferred through the use of NHP’s. 

(A) (B) 

Figure 1. Figure depicts anticancer effects and specific mechanisms of action of conventional therapy 
and compounds found in natural extracts: (A) Long pepper extract is able to induce apoptosis via 
multiple pathways through the activity of multiple compounds contained within the extract; (B) 
Combination treatment of paclitaxel and dandelion root extract (DRE) can suppress the activity of the 
anti-apoptotic protein Bcl-2, eventually inducing apoptosis. 

The prevalence of complementary and alternative medicine (CAM) use is an important factor 
that warrants attention. A study conducted at the North Carolina Cancer Hospital (NCCH) found 
that 85% of survey respondents indicated that they used CAM treatment following a cancer 
diagnosis, in the periods during and after the initial treatment [13]. The prevalence of CAM use 
amongst cancer patients is estimated to between 60–80% depending on factors such as methods of 
sampling used, and the time period of the study [13]. Although the prevalence rate of CAM use 
amongst cancer patients is high, the nondisclosure rate, which measures what percent of cancer 
patients do not report their use of CAM treatments to their healthcare providers remains high at an 
estimated 80% [13]. This is a significant cause for concern in cancer treatment due to the reality of the 
potential for negative antagonistic interactions with conventional cancer treatments, especially in 
herbal treatments and plant-based extracts used as complementary supplemental therapy [14,15]. 
However, the evaluation of the nature of drug–drug interactions between NHP’s and conventional 
cancer therapy is underreported in the literature. As a result, there exists both a need and various 
potential benefits to a summary of the current literature and the identification of this knowledge gap 
in order to guide future research. 

In the following sections, the following topics are discussed: challenges with conventional 
therapeutics, advancements in anticancer NHP’s, and a breakdown of compounds contained within 
those NHP’s. 

2. Natural Health Products and Natural Compounds Used in the Treatment of Breast Cancer 

2.1. Prevalence Statistics, Prognosis, and Downsides of Conventional Treatments 

Among women, breast cancer is the most commonly diagnosed type of cancer and accounts for 
the highest cancer mortality rate globally [16]. Breast cancer can be caused by genetic factors; 
however, environmental factors such as alcohol consumption, obesity and lack of physical activity 
can play a significant role in the establishment and progression of the disease. Thus, it is necessary 

Figure 1. Figure depicts anticancer effects and specific mechanisms of action of conventional therapy
and compounds found in natural extracts: (A) Long pepper extract is able to induce apoptosis
via multiple pathways through the activity of multiple compounds contained within the extract;
(B) Combination treatment of paclitaxel and dandelion root extract (DRE) can suppress the activity of
the anti-apoptotic protein Bcl-2, eventually inducing apoptosis.

The prevalence of complementary and alternative medicine (CAM) use is an important factor that
warrants attention. A study conducted at the North Carolina Cancer Hospital (NCCH) found that 85%
of survey respondents indicated that they used CAM treatment following a cancer diagnosis, in the
periods during and after the initial treatment [13]. The prevalence of CAM use amongst cancer patients
is estimated to between 60–80% depending on factors such as methods of sampling used, and the time
period of the study [13]. Although the prevalence rate of CAM use amongst cancer patients is high,
the nondisclosure rate, which measures what percent of cancer patients do not report their use of CAM
treatments to their healthcare providers remains high at an estimated 80% [13]. This is a significant
cause for concern in cancer treatment due to the reality of the potential for negative antagonistic
interactions with conventional cancer treatments, especially in herbal treatments and plant-based
extracts used as complementary supplemental therapy [14,15]. However, the evaluation of the nature
of drug–drug interactions between NHP’s and conventional cancer therapy is underreported in the
literature. As a result, there exists both a need and various potential benefits to a summary of the
current literature and the identification of this knowledge gap in order to guide future research.

In the following sections, the following topics are discussed: challenges with conventional
therapeutics, advancements in anticancer NHP’s, and a breakdown of compounds contained within
those NHP’s.

2. Natural Health Products and Natural Compounds Used in the Treatment of Breast Cancer

2.1. Prevalence Statistics, Prognosis, and Downsides of Conventional Treatments

Among women, breast cancer is the most commonly diagnosed type of cancer and accounts
for the highest cancer mortality rate globally [16]. Breast cancer can be caused by genetic factors;
however, environmental factors such as alcohol consumption, obesity and lack of physical activity
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can play a significant role in the establishment and progression of the disease. Thus, it is necessary
for physicians to employ a multidisciplinary approach to combating cancer that focuses on disease
prevention, early detection, quick intervention, and continued observation throughout treatment.
Aside from primary intervention through alterations in diet and lifestyle, secondary prevention
techniques such as mammography, ultrasonography, magnetic resonance imaging, and breast
self-examination all assist with early detection of tumours [17].

While there are many types of breast cancer, two common and well-studied classes include
hormone receptor-positive and triple-negative breast cancers. Hormone receptor-positive breast cancer
cells contain receptors that respond to estrogen and/or progesterone hormones. Thus, treatment for
these types of cancer involve molecularly targeting and blocking hormone-receptor pathways through
hormone therapy with adjuvant therapies including ovarian suppression, selective estrogen receptor
modulators (SERMs) and aromatase inhibitors [18,19]. On the other hand, triple-negative breast cancer
cells lack these hormone receptors and thus, do not respond to hormone therapy. Because they lack
certain drug targets, triple-negative cancers are often associated with an unfavourable prognosis
as chemotherapy serves as the only valid systemic treatment option [20]. In addition to the breast
cancer type, treatment can also vary depending on which stage the cancer is progressing through.
Early-stage breast cancer is typically targeted using breast-conserving surgery and radiation therapy,
which can decrease local tumour recurrence. However, if the cancer reaches a locally advanced stage,
physicians utilize a combination of techniques including chemotherapy, followed by breast-conserving
surgery and radiation therapy. If the cancer progresses to a metastatic stage, chemotherapy is often
administered to induce a prompt reaction. For late-stage metastatic cancer, treatment options must
consider both quality and length of life depending on the prognosis [21].

Although these options serve as effective treatments, they lack specificity for their targets and
can often result in systemic toxicity. Inadequate drug doses in target areas and can even lead
to the generation of drug-resistant tumour cells. This can cause several adverse side-effects and,
therefore, it is essential that more specific therapies are researched and developed, allowing the
targeting of features specific to cancer cells [22]. Recently, researchers have investigated the possibility
of targeting cellular vulnerabilities specific to cancer as a new treatment option. As cancer cells
require high-energy production to rapidly proliferate, they can become susceptible to oxidative stress
and mitochondrial membrane destabilization [23]. A therapeutic agent that is able to target the
vulnerabilities of a cancer cell could induce a controlled and specific physiological process called
apoptosis, which ultimately leads to the death of the cancer cell [24].

2.2. Bioactive Compounds

Piperine and piperylene (Figure 2A and Figure 2B respectively) are both major constituents
of Piper nigrum plant. On its own, this component has been proven to be efficacious
against ER+ and triple-negative breast cancer cell lines in-vitro and in xenograft models [25].
Greenshields et al. have shown that piperine inhibited proliferation and induced apoptosis by
collapsing the mitochondrial membrane potential. They have further shown that the compound
inhibited tumour growth without any observed adverse effects in nude mice. Piperine induced
apoptosis independently of caspases and oxidative stress [26]. Piperine has been shown to act as
a bioenhancer as well as to increase the bioavailability of chemotherapeutics by augmenting drug
absorption and decreasing drug metabolism through the inhibition of cytochrome P-450/CYP3A4.
When piperine was used against triple-negative breast cancer cells (MDA-MB-231) in combination
with Paclitaxel, a chemotherapeutic, the therapeutic agents were able to act in synergy to enhance
cytotoxicity against cancer cells. Piperine, in combination with Paclitaxel, showed a significantly lower
IC50 as compared to just Paclitaxel individually. This demonstrates Piperine’s ability to enhance
the anti-cancer effect of chemotherapy. By improving the bioavailability of chemotherapeutic drugs,
piperine reduces the required drug dose and consequently, the associated side effects of the drug [27].
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The leaves of the native Asian flower Hibiscus possess anti-cancer components, such as flavonoids,
triterpenoids, anthocyanin, and phenolic compounds [32–35]. Particularly, Hsu et al. have shown
that the triterpenoids betulin (Figure 2C), its derivatives, and betulinic acid selectively induced cell
death and reduced cell migration in ER+ and TN breast cancer models. The authors have found
that betulin induced apoptosis via a p21-related pathway. Furthermore, betulin and betulinic acid
enhanced the production of a TAp63 in TNBC, a regulatory protein involved in tumour suppression.
Consequently, pro-apoptotic proteins such as BAX were produced, resulting in cell death [36].

After characterizing the constituents of the leaves and seeds of the Annona muricata plant,
researchers found that acetogenin, a major anti-cancer component, was present. This pure compound
is capable of preventing cancerous cells’ access to ATP [37]. The secondary metabolite disrupts cellular
respiration by inhibiting complex 1 in the electron transport chain, ultimately resulting in selective
apoptosis [38].

Curcumin (Figure 2D) is a major constituent of turmeric and has been shown to possess anti-cancer
effects against multiple cancer cell lines [39]. Pignanelli et al. have shown that by inducing oxidative stress,
two analogs of curcumin were capable of selectively inducing apoptosis in MDA-MB-231, MDA-MB-468,
and SUM149, three triple-negative breast cancer cell lines, in-vitro. It was observed that in breast cancer,
these analogs induced apoptosis more effectively than taxol. Furthermore, an MDA-MB-231 study on
immunocompromised mice revealed that curcumin analogs are well-tolerated and effectively inhibit
tumour growth [40].

In addition to the above mentioned compounds, there have been interesting studies with various
ginsenosides that have shown anti-cancer activities on breast cancer. Ginsenosides, a class of natural
triterpenoid saponins, come from the Panax ginseng Meyer (ginseng) plant. Ginsenoside Rg3
is a member of the ginsenoside family with two distinct epimers: 20(S)-ginsenoside Rg3
(SRg3) and 20(R)-ginsenoside Rg3 (RRg3). Rg3 has been shown to induce apoptosis and induce
GO/G1 cell cycle arrest in breast cancer cells; however, the specific effects of each individual epimer of
Rg3 had not been characterized in breast cancer. Nakhjavani et al. investigated the stereoselective
effects of the two epimers of Rg3 and found that inhibition of proliferation is dependent upon
stereoselectivity in triple negative MDA-MB-231 breast cancer cells. The epimer with the noted effect,
SRg3, might be inhibiting proliferation by inhibiting Aquaporin 1 (AQP1) water flux by binding to
it. Furthermore, it was determined that SRg3 induced GO/G1 cell cycle arrest. Inhibition of AQP1
inhibits the G1-S transition, which then has the effect of arresting the cells in the GO/G1 phase,
which leads to the inhibition of proliferation [41]. Rg3 was also able to activate Caspase-3 and degrade
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PARP (downstream target of caspases) in MDA-MB-231 cells through the generation of reactive oxygen
species (ROS). Rg3 was also able to increase the ratio of pro-apoptotic protein BAX to the anti-apoptotic
protein Bcl-2, inhibit binding of NF-kB to DNA, and prevented the phosphorylation of Akt and ERK,
which are upstream activators of NF-kB. All these effects were observed in a study involving Rg3
and MDA-MB-231 breast cancer cells. Rg3 was able to minimize the oncogenic effect of mutant P53,
lower the expression of Bcl-2, which led to induction of apoptosis. Furthermore, Rg3 has been able to
inhibit angiogenesis and tumour growth in breast cancer cells [42]. Ginsenoside F2 is a metabolite
of ginsenoside Rb1. Rb1 is converted to F2 after oral ingestion. Mai et al. determined that F2 was
able to inhibit proliferation of breast cancer stem cells (CSC’s) via apoptosis. F2 induced protective
autophagy and apoptotic cell death in breast CSC’s via the upregulation of P53 [43]. Ginsenoside Rp1
is reported to have the most potent chemopreventive and antimetastatic effect of all ginsenosides.
Furthermore, it has been reported that it induces apoptosis via the activation of caspases-3, -8, and -9,
and induce cell cycle arrest in HeLa cells. Additionally, it has also been shown to inhibit the NF-kB
pathway, and it has been suspected to inhibit the IGF-1R/Akt pathway. IGF-1r is known to play
a major role in cancer progression, proliferation, and survival. Kang et al. reported that treatment of
breast cancer cells with ginsenoside Rp1 inhibited cancer cell growth proliferation, colony formation,
and induced cell cycle arrest. Treatment with Rp1 resulted in the degradation of/loss in stability of
IGF-1R and reduced expression of pAkt [44]. Furthermore, an interesting study was published with
anti-cancer activity of bacopasides I and II in breast cancer. The results indicate that bacopasides I and
II synergistically reduced the proliferation and viability in four different breast cancer cell lines [45].

3. Natural Health Products and Natural Compounds Used in the Treatment of Melanoma

3.1. Prevalence Statistics, Prognosis, and Downsides of Conventional Treatments

Global incidence of Melanoma has greatly increased in the last few decades. In 2020, an estimated
8000 Canadians will be diagnosed with melanoma skin cancer, with 1300 Canadians facing mortality
as a result [46]. Of all skin cancers, melanoma is the most likely to become metastatic, which is
why it has a poor prognosis [47]. The 5-year overall survival rate for patients with metastatic
melanoma is typically between 5–19% [47]. Surgical resection is typically used in early melanoma;
however, this is not possible in advanced melanoma [48]. In late-stage cases, radiotherapy and systemic
treatments such as chemotherapy and immunotherapies are used. Currently, dacarbazine is the only
approved single-agent chemotherapy for melanoma. However, it has shown poor responses rates [49].
Immunotherapies and targeted therapies have emerged in the last decade, including ipilimumab and
vemurafenib [50]. Natural Health Products (NHPs) for use in melanoma has been researched due to
minimal toxicity and long-term potential [51]. NHPs such as dandelion root extract [52] have shown
anti-cancer cytotoxicity. Purified compounds such as curcumin [53] and curcumin analogs [39],
and vincristine and vinblastine [54] have also shown anti-cancer effects. In order to search for effective
complementary treatments for this aggressive cancer, many NHPs and purified compounds are
currently being tested in combination with chemotherapeutic drugs in both the pre-clinical and clinical
phase. Thus, in this section, we list recent advancements into this area of research.

If melanoma is detected at an early stage, it can be treated by surgical procedures that
remove the primary lesions. However, this form of treatment is used far less frequently for
advanced stages of melanoma cancer where the melanocytes have become metastatic and spread
throughout several parts of the body [48,55]. This problem is further exacerbated due to the
difficulty in the diagnosis of this condition as primary melanoma lesions often remain invisible
and asymptomatic [56]. Furthermore, metastatic melanoma has a poor prognosis due to the lack of
viable therapeutic options as there has been limited success in fighting this cancer using conventional
chemotherapies and radiotherapies. Dacarbazine, as previously mentioned, has typically shown
poor response rates of between 10% to 20% [49]. Difficulties in treatment with dacarbazine may be
explained by the activation of signal specific pathways to escape the drug’s mechanism of action [57].
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The resistance to chemotherapy that melanoma cancer cells show is a multifactorial process as these
cells disrupt their drug transport pathway systems, downregulate apoptotic pathways and alter
enzymes involved with their metabolism to prevent the drug from producing its cytotoxic effects [58].
Moreover, chemotherapy in melanoma has often shown side effects such as thrombocytopenia and
neutropenia [49]. Radiation therapy has also been ineffective in treating melanoma as these tumours
are typically radioresistant, therefore weaker hypo-fractionated doses of radiation are administered
instead to reduce toxicity [59]. Immunotherapy has been a promising development with cytokines and
immune checkpoint inhibitors having shown success in reducing the ability for metastatic melanoma
to avoid the immune response [60]. However, adverse effects relating to overactivation off the immune
system such as dermatitis and colitis have been observed with their use [61]. Thus, due to the issues
relating to resistance and toxicity with various current treatments, NHPs may serve as a beneficial
complementary treatment due to their potential to enhance efficacy and protect healthy cells [62].

3.2. Anticancer Effects of Natural Compounds In-Vitro and In-Vivo

Found within turmeric, curcumin is a purified compound derived from the Curcuma longa
plant which has demonstrated anti-cancer effects [39]. Curcumin has been shown to selectively target
melanoma cancer cells by altering the activity of signalling molecules and inducing inflammation
pathways. Unfortunately, when tested using in-vivo mouse models, it showed poor bioavailability [39].
Chemical analogues of curcumin such as Compound A were developed as they were more stable and
efficacious while showing anti-cancer effects against human melanoma cells either alone or combined
with contemporary chemotherapeutics such as paclitaxel [39].

Found within plants from the Berberis genus, berberine is an isoquinoline alkaloid that was
tested as a complementary medicine along with doxorubicin, a common chemotherapeutic [51,63].
Results indicated that this combination treatment showed anti-melanoma activity in both in vitro tests
and in vivo models of xenografted mice when using the B16F10 melanoma cell line [51,64].

Vinblastine and vincristine are yet another example of purified natural products that have been
used against melanoma cancer cells after being derived from the Catharanthus roseus plant [65].
Vinblastine has been tested in combination trials with chemotherapeutics such as cisplatin and
dacarbazine and their combined effect is more efficacious to melanoma cells than the effect of any of
these single agents alone [66]. Vincristine shows a synergistic effect when it is used in a combination
trial with betulinic acid (a pentacyclic triterpene) in both in vitro tests and in vivo models of mice with
the B16F10 melanoma cell line [67].

3.3. Bioactive Compounds

Major components of Curcuma longa (turmeric) are curcumin, alkaloids, sesquiterpenes, and other
phenolic compounds [68]. Curcumin (Figure 3A) is the major component of turmeric that is believed
to provide anti-cancer and anti-inflammatory activity [53]. However, some studies have shown that
compounds such as turmerines, turmerones, and elemenes have similar activity aside from curcumin [68].

Major components of Piper longum (long pepper) include alkaloids such as: piperine (Figure 3B),
piperlongumine, and piperidine [74]. Piperine and piperlongumine have been shown to have
significant anti-cancer and anti-oxidative capacity [74]. Specifically, piperine has been shown to
upregulate pro-apoptotic markers such as BCL2 and BAX [75]. As well, it has been shown to decrease
cytokine levels in-vivo. This ultimately produces both an anti-metastatic and anti-angiogenic effect against
melanoma cancer cells which depend on these cytokines for tumour progression [76]. Likewise, it has been
shown via xenograft models that piperlongumine (Figure 3C) inhibited proliferation of melanoma,
upregulated pro-apoptotic genes such as CDK1NA, and reduced expression of VEGF leading to
anti-angiogenic properties [77].
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Coptidis rhizoma contains alkaloids, such as berberine, palmatine, coptisine, epiberberine,
jatrorrhizine, columamine [78]. Berberine is found in many other Berberis genus plants. Berberine increases
AMP-activated protein kinase (AMPK) phosphorylation levels by increasing the production of reactive
oxygen species [79]. The activation of these AMPK’s results in decreased extracellular signal-related
kinase (ERK) activity and decreased levels of the cyclooxygenase-2 (COX-2) protein [79]. Both proteins
are critical for melanoma cancer cell invasion, so by decreasing their signalling activity and levels,
berberine (Figure 3D) inhibits the metastatic potential [79].

Major components of dandelion root include taraxasterol (Figure 3E), lupeol, sesquiterpene lactones,
and phenolic acids. These chemical compounds can lead to anti-oxidative and anti-inflammatory
effects [80] which assist in producing anti-cancer activity.

Catharanthus roseus has been used traditionally in Vietnam as an anti-cancer agent [81].
It contains alkaloids such as vincristine (Figure 3F) and vinblastine that have shown anti-cancer
activity. Both compounds are microtubule destabilizing compounds which prevent mitosis from
completing [82]. They are a part of a large group of several other vinca alkaloids and they are often
used in combination treatments with more common anti-cancer agents.

Ganoderma lucidum is a medicinal mushroom that contains a terpene that exerts apoptotic
activity via the induction of oxidative stress in-vitro and has shown a translation of effects in-vivo by
a reduction in tumour volume in mouse models [83]. Molecular studies have shown this compound
upregulates apoptosis-promoting gene p53 and downregulates oncogene Bcl2 [83].

Plants classified under the Artemisia genus contains the flavonoid Eupatilin (Figure 3G) that has
shown dose-dependent apoptotic activity in-vitro using A375 cells [84]. The mechanism of action for
this compound is suggested to be the induction of apoptosis via DNA damage and the inhibition
of the G2/M cell cycle checkpoint [84]. Molecular studies have suggested that eupatilin upregulates
proapoptotic gene Bax while downregulating anti-apoptotic gene Bcl2 [84].

3.4. Single vs. Multiple Compounds and Collective Activities Targeting Multiple Pathways

Dandelion root plant material can be resolved into various purified components that show modest
anti-cancer activity. In particular, taraxasterol and lupeol are two such compounds as lupeol was shown
to reduce mouse melanoma differentiation [85] and taraxasterol was shown to reduce Eppstein–Barr
virus early antigen (EBV-EA) [86]. There exists the potential for synergism within dandelion root
with not only the main bioactive components taraxasterol and lupeol, but with phenolic acids and
sesquiterpenes that are also present.
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Coptidis rhizome contains Berberine and Jatrorrhizine, which are two natural compounds that
have shown anti-melanoma effects [78]. Berberine shows anti-melanoma activity by preventing the
migration of melanoma cells and thereby reducing its metastatic potential [79]. Berberine increases
AMP-activated protein kinase (AMPK) phosphorylation levels by increasing the production of reactive
oxygen species [79]. The activation of these AMPK’s results in decreased extracellular signal-related
kinase (ERK) activity and decreased levels of the cyclooxygenase-2 (COX-2) protein [79]. Both proteins
are critical for melanoma cancer cell invasion, so by decreasing their signalling activity and levels,
berberine inhibits the melanoma cancer’s metastatic potential. While Berberine is the main compound,
jatrorrhizine hydrochloride (JH) has been shown to inhibit the proliferation and neovascularization of
C8161 human metastatic melanoma cells. JH suppressed C8161 cell proliferation in a dose-dependent
manner, with a half-maximal inhibitory concentration of 47.4 ± 1.6 µmol/L; however, it did not induce
significant cellular apoptosis at doses up to 320 µmol/L. Mechanistic studies showed that JH-induced
C8161 cell cycle arrest at the G0/G1 transition, which was accompanied by overexpression of the cell
cycle-suppressive genes p21 and p27 at higher doses. Moreover, JH reduced C8161 cell-mediated
neovascularization in vitro and in vivo and impeded the expression of the gene for VE-cadherin, a key
protein in tumour vasculogenic mimicry and angiogenesis [87]. The differential actions of BBR and JH
suggest that the mechanism of action of Coptidis rhizome is complex and that these compounds may
have a synergistic effect in treating melanoma when combined.

The Piper longum plant is composed of piperine, lignans and volatile oils [63]. Piperine as
discussed earlier, is the main anti-cancer agent within this extract, but lignans have previously been
shown to be anti-cancerous agents due to their antioxidative, antiproliferative and anti-aromatase
effects [88]. As a result, there may be a synergistic anti-melanoma effect due to the combination of
these anti-cancer compounds working together. One of the compounds known to contribute to this
effect is piperlongumine; within mouse xenograft models, it was shown to reduce expression of VEGF
while also upregulating pro-apoptotic genes such as CDK1NA [77].

As mentioned previously, curcumin is the major component of turmeric, and it can selectively
target melanoma cells to undergo apoptosis by downregulating IFN-γ induced and TNF-α induced
epithelial–mesenchymal transitions (EMT) and inhibiting anti-apoptotic factors such as nuclear
factor-κB (NF-κB) plus its downstream factors such as COX-2 and cyclin D1 [89]. It slows down cell
proliferation by inhibiting PDE1 and PDE4 while regulating cyclin A, p21, p27 and DNA methyl
transferase (DNMT1) levels [89]. In addition, curcumin has an anti-metastatic effect due to its
inhibitory effect on focal adhesion kinase (FAK) and matrix-metalloproteinase-2 [89]. It does have
poor bioavailability, but this can be improved by increasing its water solubility through the use of
liposomes or micelles [89]. B-elemene, one of the forms of elemene found in turmeric has been
shown to have an inhibitive effect on B16F10 murine melanoma cells through cell proliferation
assays in vitro, angiogenesis assays in vivo, as well as melanoma growth and metastasis assay in
C57BL/6 mice. Vascular endothelial growth factor (VEGF) and CD34 expression were inhibited,
preventing proliferation, angiogenesis, and metastasis of melanoma [90]. Aromatic (ar)-turmerone
was found to have an anti-melanogenic effect on alpha-melanocyte stimulating hormone (α-MSH)
and 3-isobuty-1-methxlzanthine (IBMX)-induced tyrosinase in B16F10 melanoma cells. This effect was
found to be greater than that of curcumin, so it is proposed as a treatment for hyperpigmentation [91].

Pancratistatin (PST). PST is a compound extracted from Hymenocallis littoralis from the
Amaryllidaceae plant family. In melanoma cells, it has been shown to induce apoptosis by depolarization
of the mitochondrial membrane observed through JC-1 staining. PST acts synergistically with tamoxifen
(TAM), an estrogen receptor antagonist, to induce apoptosis. This was shown by the increase in
reactive oxygen species (ROS) generation in mitochondria of the cancer cells while not affecting healthy
cells. The low cytotoxicity and high selectiveness of PST indicates possibility of use in treatment of
melanoma [52].

Vincristine and Vinblastine. Both of these natural products are derived from the Catharanthus
roseus as previously described. Vincristine has been shown to alter the lysosomal membrane potential
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in cells by making it more sensitive. Therefore, it is very effective when given in combination with
lysosomal destabilizing drugs [82]. Similarly, Vinblastine causes apoptosis in melanoma cells by
destabilizing the mitochondrial membrane which causes the release of cytochrome c, a pro-apoptotic
factor that activates caspases 3 and 8 [92]. Vinblastine also has a non-mitochondrial dependent intrinsic
apoptotic mechanism where it causes an increase of reactive oxygen species (ROS), the release of
intracellular Ca2+, and the activation of many apoptotic signalling proteins [92]. Both of these apoptotic
pathways induced by vinblastine are modulated by the Ras homologous A protein (Rho A) [92].

3.5. Combination/Supplemental Therapy Involving Natural Compounds and Chemotherapeutic Drugs

Preclinical combinatory work of NHP and standard chemotherapeutics on melanoma has
demonstrated positive results. Compound A, a curcumin analog, has shown it may have a small
additive effect and no negative interaction with chemotherapeutics paclitaxel and cisplatin in-vitro [39].
In another study, a similar curcumin analog DM-1 observed promising in-vivo tumour reductions via
intrinsic apoptosis in both monotherapy and in combination with dacarbazine [93].

PST has shown dose-dependent induction of apoptosis via mitochondrial depolarization, an effect
enhanced by sensitization of cells by tamoxifen [52].

With dacarbazine, a number of natural products have been used both in-vitro and in-vivo. In one
study, vitamin D and its analogs were used to modulate the anticancer activity of dacarbazine and
cisplatin on A375 human melanoma cells. Specifically, the IC50 of both dacarbazine and cisplatin were
reduced with the addition of vitamin D and its analogs, with additional increases in ROS and cell cycle
inhibition [94].

The compound saponin purified from sea cucumber has shown to potentiate intrinsic apoptosis in the
B16F10 murine melanoma cell line with an enhancement seen when added to dacarbazine regiments [95].

4. Natural Health Products and Natural Compounds Used in the Treatment of Leukemia
and Lymphoma

4.1. Prevalence Statistics, Prognosis, and Downsides of Conventional Treatments

Leukemia is a cancer of the bone marrow and blood forming tissues. There are four main subtypes
which include: acute lymphoblastic leukemia, acute myeloid leukemia, chronic lymphocytic leukemia
and chronic myeloid leukemia. With grouping the various forms, the cancer has shown to be quite
prevalent in society. In Canada, leukemia is diagnosed at a rate of 15 cases per 100,000 people [96].
Approximately 22,510 Canadians are living with or are in remission from leukemia: 13,040 males and
11,470 females [97]. Approximately one in 53 men and one in 72 women are expected to develop
some form of leukemia in their lifetime. The five-year age standardized survival rate for leukemia
in Canada is 58% for males and 59% in females [97]. This is found to be quite low in comparison to
other cancers. In regard to children aged 0 to 14 years, leukemia is the most prevalent cancer [98].
The overall success in management despite some improvements over the years is still uninspiring. It is
estimated that in 2020, 6900 Canadians will be diagnosed with leukemia and 3000 Canadians will die
from it. Advancements must be made to improve the overall prognosis.

Lymphoma refers to cancer of the lymphocytes, which are a type of white blood cell found in
the lymphatic system. Lymphoma is found in children and adults with two main types: Hodgkin’s
lymphoma and Non-Hodgkin’s lymphoma (NHL). It is estimated that 43,335 Canadians are either
living with, or in their remission from lymphoma. Of these, 36,175 are non-Hodgkin’s lymphoma and
7160 are Hodgkin’s lymphoma [97]. The average age of diagnosis is 39 and 66 years for Hodgkin’s
and non-Hodgkin’s lymphoma, respectively. Non-Hodgkin’s lymphoma is the sixth most commonly
diagnosed cancer in Canada. The probability of one developing Hodgkin’s lymphoma is only one
in 432 in males and one in 498 in females. With regard to non-Hodgkin’s, these chances increase
significantly with a probability of one in 43 for men and one in 50 for women in their lifetime. There has
been noticeable success in the management of Hodgkin’s lymphoma with the five-year standard
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survival rate of 85%. This is decreased greatly in non-Hodgkin’s lymphoma where the survival rate
is only 66% [97]. Overall, there has been progress in the treatment of lymphoma cancer subtypes,
but improvements and advancements are still required.

There are a several treatment options that are commonly practiced. These include chemotherapy,
biological therapy, targeted therapy, radiation therapy, stem cell transplant, and Chimeric antigen
receptor (CAR) T-cell treatment. For starters, chemotherapy involves the use of drugs that quickly kill
dividing cancer cells. The administration is often given orally through pill or tablet form, or through
a catheter directly into the bloodstream. The side effects of chemotherapy depend on the dosage and
specific drug that is taken. Some of the common side effects include hair loss, nausea, vomiting, loss of
appetite, fatigue, increased bruising or bleeding, and a heightened chance of infection due to the loss
of white blood cells [99]. Furthermore, biological therapy involves any treatment that utilizes living
organisms, or elements from living organisms to treat cancer. This treatment works to strengthen
the immune system in its recognition of irregular cells to then destroy them (ex. Vaccines). The side
effects of biological therapies are found to be less severe than chemotherapy with some being rash,
swelling, headaches, muscle aches, fevers, or fatigue [99]. Another common treatment option for
chemotherapy is targeted therapy. This involves the use of drugs that disrupt a particular function of the
cancerous cell instead of exhibiting general cytotoxic effects, which allows for less damage to normal than
that found in other treatments such as chemotherapy. The side effects of targeted therapies can include
swelling, bloating, diarrhea, vomiting and sudden weight gain [99]. Additionally, radiation therapy is
a treatment option sometimes administered. It involves using radiation energy to target cancer cells.
Radiation therapy is often used in the treatment of leukemia that has spread to the brain or spleen.
The side effects depend on the location of the body that is exposed. Some possible side effects include
nausea, vomiting and diarrhea [99]. These are seen in addition to the apparent damage of the skin where
it will become red, dry and tender. In stem cell transplant, high doses of chemotherapy and/or radiation
are used to terminate leukemia cells in addition to normal bone marrow. Afterwards, the transplanted
stem cells are supplied. They travel to the bone marrow and start to make new blood cells. Despite the
success of stem cell transplant, it comes with its own limitations. The transplantation requires patients
to remain in the hospital for several weeks following the procedure. In this time or even up to years
afterward, there is a possible risk in seeing an incidence of graft-versus-host disease (GVHD). In GVHD,
the donor’s white blood cells react against the patient’s normal tissue. The effects range from mild
to severe often involving the liver, skin, or digestive tract. Finally, chimeric antigen receptor (CAR)
T-cell treatment is a newly formed option that takes a patient’s normal lymphocytes and alters them to
attack leukemia cells and reinsert them into the patient’s blood. This treatment has only been used
in individuals with B-cell lymphomas that perform stubbornly to other treatments. There are many
side effects when it comes to this method. Some serious symptoms include fast heart rate, low blood
pressure, nerve damage, and lowered immune function. Overall, these current treatment methods
have shown some success in the management of leukemia and lymphoma, but with harmful side
effects [99].

4.2. Anticancer Effects of Natural Compounds In-Vitro and In-Vivo

Natural health products are materials that have been isolated from particular foods and plant
sources. Many have already shown effects in leukemia. For example, feverfew is a common garden
flowering garden plant that is used in medicine. Several years ago, scientists were able to extract
the compound parthenolide from feverfew and modify it to have anti-cancer effects. In addition,
the plant Tripterygium wilfordii Hook.f. (TWHF) contains an active ingredient called triptolide.
Triptolide has been shown in animal models (in vivo) to be effective against cancer, arthritis and skin
graft rejection [100]. Moreover, blister beetles are a soft bodied plant eating beetle type. When disturbed,
adult blister beetles release a defensive yellow oil known as cantharidin. It has been found to inhibit
several types of cancer cells, leading to interest in the possible artificial production of this substance.
Finally, veratrum caifornicum (corn lily) is a poisonous plant common in forested area in the Northwest
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and Pacific regions of the United States. The poisonous aspect are steroidal alkaloids, most notably
cyclopamine [101]. The presence of cyclopamine in the corn lily was first brought to light in
1950, and today has the interest of researchers for its anti-cancerous properties in many animals.
Overall, there are many natural compounds found to show anticancer effects both in vitro and in vivo.

4.3. Bioactive Compounds

Parthenolide (Figure 4A) is a sesquiterpene lactone that occurs naturally in the plant feverfew
and has been shown to demonstrate anticancer properties. Parethenolide has been found to induce
apoptosis in total as well as more of the phosphoglycoprotein marker CD34+ populations from human
acute myeloid leukemia specimens [102]. Parthenolide was also shown to preferentially target AML
(in vitro colony assay) in mice through inhibiting NF-kB, proapoptotic activation of tumour suppressor
p53, and increased reactive oxygen species (ROS) production. It has also been reported that in MV4-11
leukemia cell lines, parethenolide displays inhibitory effects on DNMT1 activity linked to the alkylation of
Cys1226 of DMT1, thus interfering with Sp1 which results in arrest at the G1 stage of the cell cycle [103].

Int. J. Mol. Sci. 2020, 21, x FOR PEER REVIEW 12 of 32 

 

Triptolide has been shown in animal models (in vivo) to be effective against cancer, arthritis and skin 
graft rejection [100]. Moreover, blister beetles are a soft bodied plant eating beetle type. When 
disturbed, adult blister beetles release a defensive yellow oil known as cantharidin. It has been found 
to inhibit several types of cancer cells, leading to interest in the possible artificial production of this 
substance. Finally, veratrum caifornicum (corn lily) is a poisonous plant common in forested area in 
the Northwest and Pacific regions of the United States. The poisonous aspect are steroidal alkaloids, 
most notably cyclopamine [101]. The presence of cyclopamine in the corn lily was first brought to 
light in 1950, and today has the interest of researchers for its anti-cancerous properties in many 
animals. Overall, there are many natural compounds found to show anticancer effects both in vitro 
and in vivo. 

4.3. Bioactive Compounds 

Parthenolide (Figure 4A) is a sesquiterpene lactone that occurs naturally in the plant feverfew 
and has been shown to demonstrate anticancer properties. Parethenolide has been found to induce 
apoptosis in total as well as more of the phosphoglycoprotein marker CD34+ populations from 
human acute myeloid leukemia specimens [102]. Parthenolide was also shown to preferentially target 
AML (in vitro colony assay) in mice through inhibiting NF-kB, proapoptotic activation of tumour 
suppressor p53, and increased reactive oxygen species (ROS) production. It has also been reported 
that in MV4-11 leukemia cell lines, parethenolide displays inhibitory effects on DNMT1 activity 
linked to the alkylation of Cys1226 of DMT1, thus interfering with Sp1 which results in arrest at the 
G1 stage of the cell cycle [103]. 

 
Figure 4. A few of the bioactive compounds with known anti-cancer activity towards leukemia and 
lymphoma: (A) Parthenolide; (B) Triptolide; (C) Cantharidin; (D) Cyclopamine [104–107]. 

Triptolide is a bioactive lipid and a traditionally used Chinese medicinal plant. Recent studies 
have shown that triptolide has a vast spectrum in anticancer activity toward various tumours 
resulting in the inhibition of tumour growth and inducing cell apoptosis. At lower doses, triptolide 
in combination with idarubicin is able to induce apoptosis in Leukemia stem cells in the KG1a cell 
line. Triptolide (Figure 4B) works through ROS regeneration and the downregulation of both the 
HIF1α and Nrf2 pathways [102]. 

Cantharidin (Figure 4C) is a natural toxin that is secreted by many species of blister beetles and 
is a promising compound for selectively targeting leukemia stem cells [108]. Cantharidin and its 
derivative Norcantharidin were found to inhibit hepatic leukemia factor, which is a gene 
overexpressed in leukemia stem cells. They are also able to specifically target acute myeloid leukemia 
by regulating the expression in pathways: SLUG, NFIL3, and c-myc, which prompt p53 and 
mitochondrial-caspase cascade to induce apoptosis [102]. 

Figure 4. A few of the bioactive compounds with known anti-cancer activity towards leukemia and
lymphoma: (A) Parthenolide; (B) Triptolide; (C) Cantharidin; (D) Cyclopamine [104–107].

Triptolide is a bioactive lipid and a traditionally used Chinese medicinal plant. Recent studies have
shown that triptolide has a vast spectrum in anticancer activity toward various tumours resulting in the
inhibition of tumour growth and inducing cell apoptosis. At lower doses, triptolide in combination with
idarubicin is able to induce apoptosis in Leukemia stem cells in the KG1a cell line. Triptolide (Figure 4B)
works through ROS regeneration and the downregulation of both the HIF1α and Nrf2 pathways [102].

Cantharidin (Figure 4C) is a natural toxin that is secreted by many species of blister beetles and
is a promising compound for selectively targeting leukemia stem cells [108]. Cantharidin and its
derivative Norcantharidin were found to inhibit hepatic leukemia factor, which is a gene overexpressed
in leukemia stem cells. They are also able to specifically target acute myeloid leukemia by regulating
the expression in pathways: SLUG, NFIL3, and c-myc, which prompt p53 and mitochondrial-caspase
cascade to induce apoptosis [102].

Cyclopamine (Figure 4D) is a naturally occurring steroidal alkaloid that is isolated from the plant
Veratrum californicum. In acute myeloid leukemia, cylopamine works to neutralize Hh ligands which
results in Hh inhibition thus inducing apoptosis in CD34+ cell lines [109].

4.4. Single vs. Multiple Compounds and Collective Activities Targeting Multiple Pathways

Polyphenolic compounds commonly found in fruits and vegetables were evaluated for apoptotic
effect in a hematological cell line. In one study, two polyphenolic compounds were evaluated for their
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anticancer effect. Ellagic acid (known to induce cell cycle arrest and apoptosis) and quercetin (known to
inhibit cell cycle kinetics, proliferation, and induce apoptosis) were evaluated in combination for their
anticancer effect on the MOLT-4 human leukemia cell line. The two compounds were found to interact
synergistically, exhibiting an effect greater than the sum of their individual effects. Both compounds
acted in synergy to induce apoptosis, decrease cell viability and mitochondrial activity, and activate
caspase 3 [110]. A related study looked at the effects of a combination treatment of ellagic acid,
quercetin, and resveratrol on the MOLT-4 human leukemia cell line. The results showed that all three
compounds had a synergistic effect in the induction of apoptosis, and decrease in cell number and
viability [111]. All of these compounds are found in muscadine grapes (Vitis rotundifolia), along with
many other compounds that have various antioxidant and anticancer properties. Therefore, multiple
compounds may work together to display synergistic activity to induce multiple anticancer effects
compared with singular compounds.

5. Natural Health Products and Natural Compounds Used in the Treatment of Colorectal Cancer

5.1. Prevalence Statistics, Prognosis, and Downsides of Conventional Treatments

Colorectal cancer (CRC) is a heterogeneous disease that combines colon cancer and rectal
cancer. CRC accounts for the fourth highest cancer mortality rate, corresponding to 608,000 deaths
worldwide and approximately 1,234,000 new cases each year [112]. It is the second most commonly
diagnosed cancer in females and the third in males [16]. Great advancements have been made in
cancer research in terms of diagnosis. If CRC is diagnosed early, surgery has been a successful
treatment with a high survival rate. However, once CRC advances to later stages, patients have fewer
options left for treatment. The most popularly used conventional therapeutics for advanced-stage
CRC include FOLFOX and 5-fluorouracil (5-FU). However, these drugs cause serious side-effects as
a result of their non-selective targeting, which affects healthy cells as well [113]. Over many centuries,
natural health products (NHPs) have shown to display anti-cancer activity by targeting multiple pathways
in cancerous cells to selectively induce programmed cell death. Various NHPs contain polychemical
mixtures that display potent anticancer activity and play a crucial role in the discovery and development
of medication for the treatment of human diseases. For instance, dandelion root extract has shown
anti-cancer properties by selectively triggering apoptotic pathways both in-vitro and in-vivo with CRC
models [114]. Lemongrass extract and long pepper extract have also shown great potential as anticancer
agents in CRC by inducing apoptosis in time- and dose-dependent manners without harming healthy
cells [115–117]. The antitumour activity of rosemary extract has also been investigated, and results show
that it strongly inhibited proliferation, migration, and colony formation of colorectal cancer cells [118].
Moreover, the relationship between curcumin and CRC has been investigated. In vitro studies
performed on human CRC cell lines show that curcumin inhibited cellular growth and stimulated
apoptosis, while in vivo studies displayed anti-carcinogenetic properties in inflammation-related and
genetic CRC [119,120]. The scientific validation of these NHPs will be required to determine their
efficacy, safety, and mechanisms of action. Furthermore, combined treatment options of two or more
NHPs taken as supplements with chemotherapy should be investigated as multiple NHPs could signal
more pathways activated in the body for cancer treatment.

Depending on the cancer stage and the degree of complication, contemporary treatment methods
for CRC primarily rely on success of chemotherapy either alone or in a combination treatment with
surgical resection or radiation therapy [121]. If detected early, the fatality risk associated with CRC
can be minimized by surgical resection. When CRC develops into a malignant tumour and spreads
throughout the body, it becomes a metastatic cancer known as an adenocarcinoma. Nearly half of the
patients diagnosed with CRC progress to later stages of the disease, and advanced-stage CRC has
limited treatment options [122]. The most common chemotherapeutics used for treatment of aggressive
colon cancers include FOLFOX and Taxol. FOLFOX is a combination of folinic acid (leucovorin),
5-fluorouracil, and oxaliplatin. Although chemotherapeutic drugs are initially effective as they attack
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rapidly dividing cells, their non-selectivity towards both cancerous and normal, non-cancerous cells
leads to serious side-effects in patients undergoing treatment [113,123]. These side-effects can include
gastrointestinal issues and neurotoxicity [124].

5.2. Anticancer Effects of Natural Compounds In-Vitro and In-Vivo

NHPs have played a profound role in the discovery and development of cancer medication for
centuries. Over 75% of the currently available chemotherapeutic drugs have been derived from natural
sources, including plants, microbes, and marine sources [125]. Plant products especially contain many
bioactive substances that have shown protective effects against several cancers, including colon cancer.
However, these products receive little attention in biomedical research due to their lack of scientific
credibility and experimental validation.

Long pepper, from the Piperaceae family, has been shown to selectively target a wide spectrum
of cancer cells [116,117,126,127]. There are several compounds present in long pepper, including
piperines and piperlongumines, that have demonstrated potent anticancer activity and exhibited roles
in metabolic activation of carcinogens and mitochondrial energy production. A study specifically
investigated the bioactive compound piperlongumine (PPLGM) found in long pepper and discovered
that it inhibits the growth of colon cancer cells and selectively induces cell apoptosis in a time-
and dose-dependent manner [126]. Further research will be required to understand the molecular
mechanisms involved in PPLGM-mediated apoptosis to develop combination treatment strategies to
treat colon cancer.

In recent decades, experimental research has demonstrated the pharmacological potential of rosemary
and some of its primary compounds, including diterpenes carnosic acid (CA) and carnosol (CAR).

Curcumin is a yellow bioactive pigment compound naturally obtained from the rhizome of
the Curcuma longa (turmeric) plant. It has anti-inflammatory, antioxidant, chemotherapeutic,
anti-metastatic, and anti-angiogenic properties [128]. Due to curcumin’s preferential distribution in the
colonic mucosa compared with other tissues, many initial clinical studies focus on identifying whether
it may play a role in CRC models [129]. In-vitro studies performed on different human colon cancer
cell lines show that curcumin significantly inhibited cell proliferation in a time- and dose-dependent
manner through the induction of reactive oxygen species (ROS) generation and downregulation of
E2F4 and related genes [122,130]. Mosieniak et al. also demonstrated that curcumin inhibited cell
growth of colon cancer cells by interacting with multiple molecular targets, resulting in the modulation
of several distinct signaling pathways [119]. In addition, in-vivo findings indicate that curcumin
inhibits angiogenesis, which may indicate, in part, the antitumour activity of curcumin [131].

Additionally, an interesting finding has been reported recently by De Leso et al. where it was
observed that the blockers AqB011 and bacopaside II exhibit synergistic action, amplifying the inhibition
of 2D cell migration in two colon cancer cell lines [132].

5.3. Bioactive Compounds

Dandelion contains various phytochemicals including flavenoids, phenolic acids, alkaloids,
and terpenes [129]. In recent years, researchers have become more interested in plant polyphenols
due to their potent antioxidant properties and their influence in the prevention of various diseases,
including cancer [133]. More than 30 phenolic compounds have been found and isolated in dandelion [134],
with chicoric acid, chlorogenic acid (Figure 5A and Figure 5B respectively), caffeic acid, and luteolin
being the most abundant ones [135–137]. One study investigated compounds extracted from
different parts of dandelion and found that dandelion leaf contains the highest antioxidant and
2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity; this is in agreement with its higher total
phenolic content [135].
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Lemongrass (LG) is known to have several biologically active compounds that have anti-mutagenic,
anti-proliferative, and anti-parasitic properties [142,143]. A phytochemical composition analysis of LG
determined that the constituents mostly belong to monoterpene, sesquiterpene, and phenolic acids [142].

Piper longum, which is one of the several species of long pepper, contains several classes of
compounds including piperines, piperlongumine (PPLGM) (Figure 5C and Figure 5D respectively),
and dihydropiperlongumine [117]. Another study examined whether the c-Jun NH2-terminal (JNK)
signaling pathway is involved in PPLGM-induced apoptosis in the human colon cancer cell line
HCT116 [116]. JNKs are protein kinases that are believed to play an essential role in cancer cell death
induced by redox chemotherapeutic agents [144,145]. Evidence from this study demonstrates that
PPLGM-mediated apoptosis in the HCT116 cells is at least partially dependent on the activation of the
JNK signal pathway, and PPLGM operated in a concentration- and time-dependent manner [116].

Rosemary is a bush of the Lamiaceae family that contains various phenolic compounds,
with diterpenes carnosic acid (CA) and carnosol (CAR) (Figure 5E and Figure 5F respectively) being the
major ones. Carnosic acid poses antiproliferative activity in colon cancer cells [146], and carnosol
demonstrates anti-inflammatory and anticancer activities on various cancer types, including colon
cancer [147]. A study observed that CA both induces transcriptional activation of genes that encode
detoxifying enzymes and alters the expression of genes traced with the transport and biosynthesis of
terpenoids in the CRC line [148]. Functional analysis revealed that the activation of ROS metabolism
and alteration of several genes involved in particular pathways may explain the transcriptional change
induced by CA in HT-29 cells [148].

Curcumin is a hydrophobic polyphenol that is naturally obtained from the rhizome of the
plant Curcuma longa, also known as turmeric [149]. A study found that curcumin induces the
production of ROS and Ca2+, decreases the levels of mitochondria membrane potential, and induces
caspase-3-activity [150]. Moreover, it was found to elevate the expression of Bax, cytochrome C,
p53, and p21 [150]. One of the main mechanisms through which curcumin inhibits cell proliferation
is the induction of apoptosis. A study revealed that curcumin blocked cell proliferation through the
induction of ROS generation and downregulation of E2F4, cyclin A, p21, and p27 [122]. It was revealed
that curcumin promoted apoptosis through the inhibition of NF-kB and by cell cycle arrest at the G2/M
phase and partially the G1 phase [119,151]. Curcumin was also found to suppress growth and induce
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apoptosis in CRC via inhibition of hepatocyte growth factor receptor (c-MET), particularly the Sp
transcription factor [152].

5.4. Single vs. Multiple Compounds and Collective Activities Targeting Multiple Pathways

Ovadje et al. conducted phytochemical analysis and bioassays of dandelion root that led to
the identification of four pharmacologically active compounds: α-amyrin, β-amyrin, lupeol and
taraxasterol [114]. They found that there were no synergistic interactions between these compounds,
as anti-cancer activity was not displayed individually nor in combination treatments [114].
Another study examined the synergistic anti-inflammatory effects of luteolin and chicoric acid,
two abundant constituents of dandelion [153]. Findings show that both compounds did not exhibit
any synergistic activity, although both suppressed oxidative stress [153].

Lemongrass is composed of many compounds that interact in a complex manner. Philion et al.
identified three unique compounds in the extract (elemicin, lonicerin, and methyl isoeugenol)
and evaluated their anti-cancer activity, both individually and in combination [154]. The findings
indicate that these compounds showed poor induction of apoptosis both alone and in combination,
except with a combination of very high doses [154].

Sánchez et al. investigated the putative synergistic effects between the major compounds found
in rosemary. The compounds bearing the highest antiproliferative activities, namely the diterpenes
(CA and CAR) and the triterpenes betulinic acid (BA) and ursolic acid (UA) were examined in single
treatments and in pairwise treatments [118]. Results indicate a dose-dependent antiproliferative effect
of which the triterpenes BA and UA showed higher antiproliferative effect than the diterpenes CA
and CAR [118]. Moreover, antagonism was observed for the BA-UA combination regardless of the
treatment method used [118].

A study investigated the effects of a combination treatment of curcumin and 5-FU on the
proliferation of an aggressive colon cancer cell line, HT-29 [155]. Their findings show synergistic
inhibition of HT-29 growth, and this synergism was associated with a 6-fold decrease of COX-2
protein expression [155]. Another study investigated the effectiveness of the combination treatment
of dasatinib (Src inhibitor) and curcumin in anti-proliferation of chemo-resistant colon cancer cells.
Results demonstrate that the combinatorial therapy inhibited cellular growth, invasion, and colonosphere
formation, suggesting that dasatinib and curcumin demonstrate a synergistic interaction and may present
a therapeutic strategy [156]. Considering curcumin is poorly water soluble, extreme conditions of
the intestinal tract can decrease its absorption. To overcome this drawback, Han et al. sought orally
deliverable nanotherapeutics by combining curcumin and 7-ethyl-10-hydroxycamptothecin (SN38).
This combination was found to exert synergistic beneficial effects on intestinal inflammation, and this
could be attributed to the synergistic effect of SN38 and curcumin [157].

6. Natural Health Products, Natural Compounds, and Natural Extracts Used in the Treatment of
Lung and Pancreatic Cancer

6.1. Prevalence Statistics, Prognosis, and Downsides of Conventional Treatments

In 2020, it is estimated that 6000 Canadians will be diagnosed with pancreatic cancer and 5300 will
die as a result of the diagnosis. Out of the 6000, it is estimated that 3100 will be men and 2900 will be
women [158]. In the United States, pancreatic cancer accounts for 3% of all cancers and 7% of all cancer
deaths, with an average lifetime risk of 1 in 64. The 5-year relative survival rate, which measures
the likelihood of survival relative to the population without the disease, is 37% for individuals with
pancreatic cancer that has not metastasized outside the local area of the pancreas, drops to 3% for
pancreatic cancer that has metastasized to distant organs such as the lungs, and overall, is 9% [159].

An estimated 29,800 Canadians will be diagnosed with lung cancer in 2020, representing 13%
of all newly diagnosed cancer cases in 2020. In 2020, it is estimated that 21,200 Canadians will die
from lung cancer, representing 25% of all cancer deaths. It is the most commonly diagnosed cancer
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(excluding non-melanoma skin cancer) and is the leading cause of death from cancer for both men and
women in Canada [160]. Approximately 15,000 men and 14,800 women will be diagnosed with lung
cancer in 2020, and 58 Canadians will die from lung cancer every day [160].

Pancreatic cancer is a grave disease with a high mortality rate as patients often remain asymptomatic
until the disease progresses to more advanced stages [161]. Currently, surgical resection is the only
curative form of treatment, and it is only viable for patients who have experienced no metastasis of the
tumour [161]. After surgery is performed, the next standard of care is chemotherapy. Gemcitabine is
a common chemotherapeutic and it is given in combination treatments with other drugs, such as
erlotinib. However, clinical trials have shown that only patients who develop a rash after this
treatment will experience significant survival benefits [161]. For patients in which the tumour
has already metastasized, FOLFIRINOX (a multi-agent chemotherapeutic), is often used instead.
However, it has side effects which include higher risks of neutropenia, neuropathy and gastrointestinal
issues [161]. Gemcitabine along with albumin-bound paclitaxel is a more promising chemotherapeutic
treatment for patients dealing with metastatic pancreatic cancer, but not all patients can tolerate it [161].
Chemoradiotherapy has not been shown to be significantly better than chemotherapy alone for patients
with localized pancreatic cancer [161]. Immunotherapy has also been recently investigated as a potential
treatment. So far, vaccines and immune checkpoint inhibitors developed against pancreatic cancer
have not fared well, but the potential of adoptive T-cell transfer should be investigated further [162].

The treatment regimen administered for patients dealing with lung cancer are of particular
importance due to its poor prognosis. There are two variations of this disease: the more common
non-small cell lung cancer, and the less common small cell lung cancer, which is more aggressive.
For stages I, II and III of non-small cell lung cancer, surgical procedures are used to remove the
tumours [163]. For more advanced stages of this disease, a chemotherapeutic regimen of platinum agents
such as cisplatin or carboplatin along with paclitaxel, gemcitabine, docetaxel, vinorelbine, irinotecan or
pemetrexed is given. However, there is a risk of toxicity, especially for patients with low performance
status [163]. Radiotherapy, including stereotactic body radiation therapy, can be effective, but only
for patients who have localized lung cancer [163]. Immunotherapy has shown mixed success as
tumour vaccine development has been ineffective, but antibody-directed therapies against inhibitory
checkpoint molecules have been promising, especially for the advanced stages of lung cancer [164].
Small cell lung cancer tumours are more aggressive, as mentioned above, but are also more sensitive to
both chemotherapies and radiotherapies. However, relapse is very common for patients [165].

6.2. Anticancer Effects of Natural Compounds In Vitro and In Vivo

Curcumin is a major component of the turmeric plant [166]. Curcumin affects pancreatic cancer
cells by preventing the development and metastasis of pancreatic tumours [167]. Capsaicin is
a compound obtained from chilli peppers and it has demonstrated anti-cancer activity in both
in vitro and in vivo tests of xenografted mice when the human pancreatic cell line PANC-1 was
used [168]. Several flavonoids, which are natural plant pigments, have also shown anti-cancer
activity against pancreatic cancer cells including: quercetin which is found in fruits and vegetables,
epigallocatechin-3-gallate which is found in in green tea, and genistein which is found in soy [167].
Ginsenosides are another example of anti-cancer natural compounds and are found within ginseng,
a traditional Chinese medicine which induces apoptosis in pancreatic cancer cells [167].

Similarly, many natural compounds have been identified as anti-cancer agents for lung cancer.
This includes Saikosaponin D, a major anti-cancer constituent of the Bupleurum plant [169].
This compound has been used in traditional Chinese medicine and has been shown to inhibit
cell proliferation in the A459 lung cancer cell line [169]. Flavonoids again appear as anti-cancer natural
compounds due to their strong antioxidant effects. Particularly, isoliquiritigenin has shown strong
activity against the A549 lung cancer cell line [170].
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6.3. Bioactive Compounds

Curcumin (Figure 6A) is the major anti-cancer agent within the turmeric spice. It inhibits
pancreatic cancer cell growth by slowing down the phosphorylation of two important signalling
pathways for tumour development, STAT3 and AKT [167]. Another pathway it affects to prevent
pancreatic cancer cell proliferation is the NF-kB pathway; this prevents downstream signals such as
COX-2 from being activated [167]. Since it is not bioavailable in the body, fluorocurcumin analogs are
often used instead [167].
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Capsaicin (Figure 6B) is a compound found within red chilli peppers which causes apoptosis in
pancreatic cancer cells by down-regulating Bcl-2 and survivin protein levels [167]. In addition, it leads
to cytochrome c release from the mitochondria which activates other apoptotic factors [167].

Genistein (Figure 6C) is an isoflavone that can be obtained from soy-based products and it primarily
functions as a tyrosine kinase inhibitor [167]. It has been shown to induce apoptosis in pancreatic
cancer cells by regulating the activity of STAT3, AKT, NF-kB and down-regulating Notch-1 [167].

Ginsenosides (Figure 6D), also commonly referred to as triterpene glycosides, it is a major
bio-active compound found within the ginseng plant. It induces apoptosis in pancreatic cancer cells by
down-regulating Bcl-2 and survivin protein while up-regulating p53 and Bax protein [167].

Saikosaponin D (Figure 6E) is one of the common triterpene saponins found within plants of the
Bupleurum genus and it displays anti-inflammatory, immunomodulatory and anti-viral effects [169].
The exact mechanism of this compound is unknown for pancreatic cancer cells, but it is p53- and
caspase-dependent [169].

Isoliquiritigenin (Figure 6F) is an example of a flavonoid that can be found within licorice and
shallots; it displays anti-inflammatory and antiplatelet aggregation properties [170]. It affects lung
cancer cells by causing cell cycle arrest in the G1 phase through the upregulation of p53 and p21/WAF1
proteins [170]. It also induces apoptosis by up-regulating Fas and its two ligands: membrane-bound
Fas ligand and soluble Fas ligand [170].

6.4. Single vs. Multiple Compounds and Collective Activities Targeting Multiple Pathways

The Curcuma longa plant is primarily composed of curcuminoids and essential oils [176]. The primary
curcuminoid is curcumin which displays anti-cancer activities through the anti-oxidative and
anti-inflammatory pathways mentioned above, but other curcuminoids such as demethoxycurcumin
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and bisdemethoxycurcumin exist within this plant as well [176,177]. The active ingredients in the
essential oil include ar-turmerone, α-turmerone, and β-turmerone which also show anti-cancer effects
through anti-inflammatory and anti-oxidative pathways [176].

The root of the Panax ginseng plant has two primary bio-active ingredients which includes
ginsenoside and gitonin [178]. As mentioned above, ginsenosides can target pancreatic cancer cells by
regulating the levels of several proteins involved in apoptotic pathways. However, evidence suggests
that gitonin could also potentially have an anti-cancer effect as it has been shown to inhibit autotaxin
activity which is a molecule required for metastasis to occur in many tumours [178]. Further studies
must be done to assess the effect of gitonin on pancreatic cancer cells specifically.

The roots of the Bupleurum radix plant has two natural compounds which includes Saikosaponin-a
(SSa) and Saikosaponin -d (SSd) [169]. SSa and SSd have both been shown to have an anti-cancer
effect by inducing pathways that increase the amount of ROS within cancer cells; both have displayed
caspase dependent activity [169].

7. Natural Health Products and Natural Compounds Used in the Treatment of Prostate Cancer

7.1. Prevalence Statistics, Prognosis, and Downsides of Conventional Treatments

In more developed countries, prostate cancer is the leading cause of death among males [179].
In 2019 alone, there were 174,650 estimated new prostate cancer cases in the United States,
with 31,620 estimated deaths. Prostate, lung and colorectal cancer are the cause of 42% of male
cancer diagnoses. Prostate cancer is responsible for about one in five new cases [180].

In order to manage this type of cancer, there are different treatment options available. It is
possible that many patients will not benefit from any treatment and may just need active surveillance.
This type of treatment is usually used on patients when the cancer is not likely to progress or has
a low grade/stage level. Active surveillance can also reduce adverse side effects associated with certain
treatments. There are 60–70% of males that show some areas of cancer in their prostate, with a lot of
them only needing active surveillance. This sort of treatment is also used for males that have a shorter
life expectancy. In the case of longer life expectancy and a higher grade of the cancer, treatments like
surgery and radiation may then be needed [181].

It is possible to have the cancer in only a small portion of the prostate, which is usually very easy to
treat and may not need treatment if there is no risk towards the patient. There have been improvements in
technology for the treatment of this disease. There is now more advanced imaging, biopsy methodology,
and understanding of the factors that are causing the tumours. Specifically, procedures such as
interstitial prostate brachytherapy (IPB), external beam radiotherapy, radical prostatectomy (RP),
cryotherapy, hormonal treatments, and chemotherapy have been used to treat varying stages of
prostate cancer [181].

The several different treatment options available for prostate cancer come with risks and difficulties.
On the surgical side, the use of RP on high-risk patients has been associated with complications
such as lymph node metastasis, early loss of erection, and urinary incontinence. Difficulties with
radiation therapies include painful urination, inflammation, damage to the rectum, and rectal bleeding.
With regards to chemotherapy, they have not been found to be very effective towards prostate cancer.
Certain chemotherapeutic drugs, such as mitoxantrone with prednisone, will improve quality of life
and pain of the patient but are not very effective for survival [182]. Chemotherapy can also cause
systemic toxicity, harming healthy cells in the body as well as the cancer cells [181].

7.2. Bioactive Compounds

Major components of dandelion root include caffeic and chlorogenic acids (Figure 7A and Figure 7B
respectively) along with vitexin-2-rhamnoside (apigenin). These compounds have been shown to be
strong antioxidants while having anti-inflammatory properties [183,184].
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There have been three major components identified in lemongrass—elemicin (Figure 7C),
lonicerin, and methyl isoeugenol. These compounds have shown poor anti-cancer efficacy when used
individually [156].

Major components of Muscadine grapes are polyphenol constituents such as gallic acid (Figure 7D),
ellagic acid glucosides, catechin, quercetin, kaempferol, and several anthocyanins [188]. Plant polyphenols
have been shown to have antiproliferative and anti-apoptotic properties [189].

7.3. Single vs. Multiple Compounds and Collective Activities Targeting Multiple Pathways

Dandelion Root can be resolved into many compounds, such as caffeic and chlorogenic acids.
Caffeic and chlorogenic acids have been shown to hamper the development of metastatic cancer [190].
Apigenin is another compound found in this extract that has been shown to reduce prostate cancer
stem cell survival and migration through downregulation of PI3K/Akt/NF-κB signaling [191].

Elemicin, lonicerin, and methyl isoeugenol are the major compounds found in lemongrass.
The induction of glutathione S-transferase is believed to be the major mechanism for chemical
carcinogen detoxification by these compounds [192]. Flavonoids, including gallic acid, isoquercetin,
quercetin, rutin, catechin and tannic acid, are also found in lemongrass. Quercetin has been shown
to act as a chemopreventive agent in vivo studies by increasing antioxidant enzymes and apoptotic
proteins that were significantly decreased in cancer-induced animal models [193].

The polyphenol components in Muscadine grapes were shown to decrease the expression of AKT,
which is a client protein heat shock protein (Hsp) involved in the signal transduction of cancerous
prostate cell growth. Hsp40 was targeted by these compounds leading to a significant reduction in
growth and migration of prostate cancer cells [194].

8. Conclusions and Future Prospects

Despite the significant progress in validating NHPs that have been made in recent years,
several knowledge gaps remain that hinder their consideration as breast-cancer treatments in the
scientific community. Notably, herb–drug interactions are an important field of study that has received
little attention. Although several of the individual compounds have had their mechanisms clearly
defined, entire extracts have seldom had them studied. Since little is known about an extract’s
mechanism, it is difficult to speak about the possible synergistic effect that the compounds may display
when administered together.

In reference to the several clinical trials that have been conducted, only a select few were done
using the golden standard for establishing scientific evidence: a double-blind randomized clinical trial.
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Several of the clinical trials based their results on subjective data such as self-reported questionnaires.
We suggest that future projects focus on extract characterization, the elucidation of their mechanisms,
and on the herb–drug interactions in order to further validate NHPs as candidates for clinical trials
against breast cancer.

As a result of this review of the literature, it is evident that there are some promising NHPs
being researched for use in melanoma. For example, curcumin and its analogs have shown potential
in preclinical models over the past decade [39,53,93] and it may be possible that it follows a similar
trajectory as vincristine or vinblastine as a natural product. In addition, compounds found within
traditionally used extracts such as berberine have shown validated anti-cancer activity against this
particularly aggressive skin cancer. Although it is clear that there is considerable scientific validation
towards NHPs to be used in melanoma, future preclinical research should be conducted on screening
effective compounds for anti-cancer activity, particularly those with the potential to inhibit NF-κB as
it has shown to be a protein involved in the ability for melanoma tumours to proliferate and avoid
apoptosis [195]. Furthermore, there is limited information available towards the combinatorial use
of NHPs alongside standard melanoma treatments. In particular, there should be a focus towards
dacarbazine, the standard single-agent chemotherapy for melanoma, immunotherapies, and targeted
therapies for BRAF/MEK mutations, as the latter two have emerged within the past decade as
promising treatments. With the substantial preclinical data available for the combination of NHPs
with clinically relevant therapies, clinicians and researchers may be more motivated to begin the study
of evidence-based complementary treatments in clinical trials. Thus, we believe that further scientific
research into validating new and current NHPs can assist in closing the clear gap that is seen with the
current state of limited clinical data.

Further research is required to elucidate the nature of interactions between the phytochemical
constituents present in NHP plant-based extracts. There have been promising studies showing
synergistic biochemical interactions between compounds that make up extracts [110,111]. Since natural
extracts are often complex in their phytochemical make-up, the primary anticancer compounds within
the extract need to be characterized, isolated, and studied for further elucidation into their mechanism
of action [196].

Cellular, animal, and clinical studies done so far indicate that various natural extracts and
their constituent phytochemicals can serve as supplemental therapy to aid in the efficacy of
treatment of individuals with colorectal cancer. However, there still needs to be further research
done to elucidate drug–drug interactions between natural extracts/NHP and chemotherapy drugs.
Furthermore, more phase I and II clinical trials are required to establish the toxicity, confirm efficacy,
and evaluate the best guidelines for the development of various NHP’s as complementary or
supplemental therapy [197].

More phase I and II clinical trials are required for NHP’s that have shown an anticancer effect in
cellular and animal models. Furthermore, progression to later stages of clinical testing is required in the
few NHP therapeutics that have shown promising results in phase I and II trails, such as the PHY906
botanical extract evaluated at yale cancer center in patients with advanced pancreatic cancer [198,199].
Those clinical trials also brought attention to natural extracts and preparations with multiple herbs.
These extractions have the ability to induce synergistic effects in combination with conventional
treatments, such as chemotherapeutics, while reducing the toxicity of the treatment regimen [199].
This ability of natural extracts to act via multiple pathways to induce various anticancer effects
explains why they are able to increase efficacy and bioavailability in combination with conventional
therapy, while simultaneously decreasing toxicity. This is especially important in cancer subtypes
such as pancreatic cancer which is hard to treat and remains the most lethal form of cancer [200].
Clinical trials must also evaluate the levels of biomarkers of cancerous disease progression such as
NF-kB transcription levels and cytokine levels to provide elucidation and validity to clinical results.
This can also lead to identification of therapeutic targets to deal with symptoms and side-effects
experienced by patients [199].
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NHP Natural Health Products
CT Chemotherapy
RT Radiation therapy
CAM Complementary and alternative medicine
CRC Colorectal cancer
DRE Dandelion root extract
SERM Selective estrogen receptor modulator
ER+ Estrogen-receptor positive cell
TNBC Triple negative breast cancer cell
ATP Adenosine triphosphate
CSC Cancer stem cell
AMPK AMP-activated protein kinase
ERK Extracellular signal-related kinase
ERV-EA Epstein-Barr virus early antigen
EMT Epithelial-mesenchymal transitions
DNMT1 DNA Methyltransferase 1
FAK Focal adhesion kinase
VEGF Vascular endothelial growth factor
PST Pancratistatin
TAM Tamoxifen
ROS Reactive oxygen species
NHL Non-Hodgkin’s lymphoma
CAR Chimeric antigen receptor
AML Acute myeloid leukemia
FOLFOX Combination Chemotherapy drug: Consists of folinic acid, 5-FU, and oxaliplatin
5-FU 5-fluorouracil
PPLGM Piperlongumine
CA Carnosic acid
CAR Carnosol
JNK c-Jun N-terminal kinase
BA Betulinic acid
UA Ursolic acid
SSa Saikosaponin-a
SSd Saikosaponin-d
Hsp Heat shock protein

References

1. GBD Results Tool|GHDx. Available online: http://ghdx.healthdata.org/gbd-results-tool (accessed on 12 June 2020).

http://ghdx.healthdata.org/gbd-results-tool


Int. J. Mol. Sci. 2020, 21, 8480 23 of 32

2. Adjuvant Therapy: Treatment to Keep Cancer from Returning-Mayo Clinic. Available online: https://www.
mayoclinic.org/diseases-conditions/cancer/in-depth/adjuvant-therapy/art-20046687 (accessed on 13 June 2020).

3. Mayer, E.L. Early and Late Long-Term Effects of Adjuvant Chemotherapy. Am. Soc. Clin. Oncol. Educ. Book
2013, 9–14. [CrossRef] [PubMed]

4. Partridge, A.H.; Burstein, H.J.; Winer, E.P. Side Effects of Chemotherapy and Combined Chemohormonal
Therapy in Women with Early-Stage Breast Cancer. JNCI Monogr. 2001, 2001, 135–142. [CrossRef] [PubMed]

5. Stone, J.B.; DeAngelis, L.M. Cancer-treatment-induced neurotoxicity-focus on newer treatments. Nat. Rev.
Clin. Oncol. 2016, 13, 92–105. [CrossRef] [PubMed]

6. Complementary, Alternative, or Integrative Health: What’s in a Name?|NCCIH. Available online: https:
//www.nccih.nih.gov/health/complementary-alternative-or-integrative-health-whats-in-a-name (accessed on
14 June 2020).

7. Garland, S.N.; Valentine, D.; Desai, K.; Li, S.; Langer, C.; Evans, T.; Mao, J.J. Complementary and alternative
medicine use and benefit finding among cancer patients. J. Altern. Complement. Med. 2013, 19, 876–881. [CrossRef]

8. Nutritional Assessment and Use of Complementary and Alternative Medicine in...: EBSCOhost.
Available online: http://web.b.ebscohost.com.ledproxy2.uwindsor.ca/ehost/pdfviewer/pdfviewer?vid=1&
sid=f8bac6c0-449c-4aec-800d-83db0c25dd19%40pdc-v-sessmgr03 (accessed on 15 June 2020).

9. Paul, M.; Davey, B.; Senf, B.; Stoll, C.; Münstedt, K.; Mücke, R.; Micke, O.; Prott, F.J.; Buentzel, J.; Huebner, J.
Patients with advanced cancer and their usage of complementary and alternative medicine. J. Cancer Res.
Clin. Oncol. 2013, 139, 1515–1522. [CrossRef]

10. Complementary and Alternative Medicine (CAM)-National Cancer Institute. Available online:
https://www.cancer.gov/about-cancer/treatment/cam (accessed on 15 June 2020).

11. Dasgupta, A.; Bernard, D.W. Herbal Remedies Effects on Clinical Laboratory Tests; Allen Press: St. Lawrence, KS,
USA, 2006; Volume 130.

12. Comelli, M.C.; Mengs, U.; Schneider, C.; Prosdocimi, M. Toward the definition of the mechanism of
action of silymarin: Activities related to cellular protection from toxic damage induced by chemotherapy.
Integr. Cancer Ther. 2007, 6, 120–129. [CrossRef]

13. Luo, Q.; Asher, G.N. Complementary and Alternative Medicine Use at a Comprehensive Cancer Center.
Integr. Cancer Ther. 2017, 16, 104–109. [CrossRef]

14. Golden, E.B.; Lam, P.Y.; Kardosh, A.; Gaffney, K.J.; Cadenas, E.; Louie, S.G.; Petasis, N.A.; Chen, T.C.;
Schönthal, A.H. Green tea polyphenols block the anticancer effects of bortezomib and other boronic
acid-based proteasome inhibitors. Blood 2009, 113, 5927–5937. [CrossRef]

15. Sparreboom, A.; Cox, M.C.; Acharya, M.R.; Figg, W.D. Herbal remedies in the United States: Potential adverse
interactions with anticancer agents. J. Clin. Oncol. 2004, 22, 2489–2503. [CrossRef]

16. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin.
2018, 68, 394–424. [CrossRef]
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