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Preparing black raspberry components
for their use as cancer therapeutics
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Abstract. Black raspberries (BRB) have been shown to inhibit the progression of a number of cancers including breast,
esophageal, colon, and oral cancers both in preclinical models. These results have led to further clinical evaluation for the
use of BRB in the prevention of cancer onset in high risk populations as well as preventing its further progression. However,
the use of BRB as a cancer therapy can be challenging due to variability in nutritional content of BRB lots and differences
in patient metabolism of the active BRB components. Thus, the preparation of fractions possessing enriched amounts of the
active constituents of BRB may improve patients’ access to the anti-cancer benefits afforded by BRB, and ultimately improve
clinical outcomes. These components of BRB include anthocyanins, protocatechuic acid, quercetin, ellagic acid, all of which
have exhibited anti-cancer properties. Which treatment modality and its method of delivery is most efficacious in the context
of cancer therapy has yet to be definitively realized. Improvements in BRB fractionation as well as enhanced delivery of
these BRB components to target tissues off promising results. Together these advancements may improve their efficacy as
cancer therapeutics, and thus allow for more treatment modalities in cancer therapy.
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1. Introduction

As of today, extensive evidence exists for the use of plant-based diets in the prevention and treatment of cancer
in human subjects. This includes population health statistics indicating a decreased risk of cancer with increased
intake of dietary fruits and vegetables [1–4]. This is thought to be due to the high amounts of vitamins, minerals,
dietary fiber, and phenolic compounds that have been shown to possess anti-cancer properties [5]. The use of
BRB specifically in the prevention of cancer onset and/or as a treatment of cancer have been studied extensively
in preclinical models and human subjects. This includes preclinical animal models which report that BRB inhibit
the progression of esophageal, colon, breast and oral cancer namely through the specific targeting of tumor cell
proliferation, angiogenesis, apoptosis and immune cell trafficking within the tumor microenvironment [5–17].
These results have correlated with the prevention and treatment of cancer in human subjects through the use of
BRB [18–26]. Although the mechanisms as to how BRB have been protective in these preclinical models and
human trials is well documented, until recently, the specific molecular components of BRB that induce these anti-
cancer effects was less understood. These include the identification and testing of individual components of BRB
including polyphenolic anthocyanins [27] and their active metabolite protocatechuic acid (PCA) [10], as well
as other components of BRB including ellagic acid [8], and quercetin [28]. Advancements in the quantification
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Table 1

Ongoing clinical trials of BRB and its constituents

Population, Clinical trial Agent Used Study Location Endpoint

no. patients identifier (Delivery duration measurements

method)

Prostate cancer

(n = 56)

NCT01823562 BRB (Daily oral

intake of

freeze-dried

powder)

6 weeks

post-surgery

Arthur G. James Cancer

Hospital and Solove

Research Institute at Ohio

State University Medical

Center

Lesion size and

histopathology, GF-1,

IGF-BP3, PTEN,

phosphor-AKT,

VEGF, PBMC levels

Colon cancer

(n = 100)

NCT01948661 AC (Capsule

intake once daily)

4 weeks

post-surgery

ASL 3, Ospedale Villa

Scassi, S.C.

Gastroenterologia

B-catenin, NF-K�,

Ki-67, p53

Genova, Italy

Prostate cancer

(n = 31)

NCT01912820 Q (Capsule intake

2X daily)

6 weeks

post-surgery

Jonsson Comprehensive

Cancer Center

DNMT1, MRP1,

COMT, PBMCs

Los Angeles, California,

United States

Prostate cancer

(n = 80)

NCT03535675 EA (Capsule

intake 1 daily)

48 weeks Sidney Kimmel

Comprehensive Cancer

Center at Johns Hopkins

PSA slope in serum

BRB = black raspberries; AC = anthocyanins; Q = quercetin; EA = Ellagic acid.

and preparation of these individual components has facilitated their use in cancer research and opens the door
for their further use in a human clinical trial setting.

A thorough search using PubMed was conducted on articles published through October 31st, 2018 to identify
all preclinical and human trials using BRB and/or their constituents in the prevention or treatment of cancer.
Keywords used in this search included black raspberries, cancer, premalignant, anthocyanins, protocatechuic acid,
PCA, ellagic acid, quercetin, and clinical trials. Studies comparing the use of BRB vs. constituents in preclinical
and human trials were reviewed. Each individual clinical trial and its details are reported and referenced in the
sections summarizing BRB and their individual components of interest. Ongoing human clinical trials used BRB
and their components are shown in Table 1.

2. Results

2.1. Use of whole BRB in human clinical trials

The use of BRB in the prevention of esophageal cancer onset in a high-risk population (Barrett’s esophagus
patients) has been investigated extensively [21]. Barrett’s esophagus is classified as an inflammatory disease of
the esophagus, and is the only known precursor lesion to esophageal adenocarcinoma, a subtype of esophageal
cancer [29]. Due to the known anti-inflammatory effects of BRB, it was investigated whether BRB could prevent
the progression of the disease to esophageal cancer [6, 10, 12, 16, 17]. Patients 18 years old or older with a
clinical diagnosis of Barrett’s esophagus were given 32 (female) or 45 (male) grams (based on average body
weight) of BRB powder once/day mixed in water [21]. Urinary levels of oxidative DNA damaged and lipid
peroxidation were measured, and specifically expression of 8-Prostaglandin F2� was reduced, suggesting BRB
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intake reduces oxidative stress in this high-risk group of patients [21]. This was accompanied by an increase in
the detoxification marker Glutathione S Transferase Pi in the esophageal epithelial in over half (55.6%) of the
patients, although the expression of proliferative marker Ki-67 was unchanged [21].

Additionally, the use of BRB in the treatment of cancer, specifically colon cancer, has also been studied in
human trials. As BRB have been shown to inhibit the formation of colon tumors in preclinical models [11], it was
investigated whether these effects extended to humans diagnosed with colon cancer [23]. Colonic samples were
taken from patients before and after 1 to 9 weeks of oral BRB intake, taken as a powder slurry in water [23]. In
patients that took the slurry 4 or more weeks, there was a significant decrease in Ki-67, CD105 (an angiogenic
marker), and �-catenin (the key oncoprotein in colon cancer) expression [23], all of which are overexpressed and
associated with a poorer prognosis in the disease. Taken together, these results and those reported in the Barrett’s
esophagus pilot study suggest BRB represent a potential therapeutic in preventing the onset and/or progression
of cancer.

Recently, preclinical studies have focused on the use of BRB components, in the form of enriched extracts,
in the prevention and/or treatment of cancer [10, 17, 27, 30–32]. This is for a number of reasons. Firstly, the
polyphenolic components of BRB can have a high degree of variability between yields, which may in turn
cause variability in objective clinical response among patients [33]. Further, patient populations can also vary
in their genetic makeup and their expression of metabolic enzymes. This is illustrated in a Barrett’s esophagus
pilot study using BRB, in which a high degree of variation in urinary expression of ellagitannin metabolites,
an anti-cancer component of BRB, was reported [21]. Thus, when giving complete BRB, only those patients
that express enzymes that release these beneficial metabolites reap the benefits of BRB as a cancer therapeutic.
One way to prevent the individual variation, is to standardize the therapeutic by discerning which components
of BRB are beneficial, and the optimal method of delivery for these compounds. This would in turn standardize
human trial studies, allowing for accurate interpretation of the effects BRB components have on human diseases
like cancer.

2.2. Preparation of BRB anthocyanin-enriched fractions for use in human clinical trials

Anthocyanins are a group of polyphenolic compounds that are rich in BRB, accounting for up to 10% of their
dry weight [30]. The use of anthocyanins in the prevention and treatment of cancers has been well characterized
in preclinical models. Specifically, BRB anthocyanins have been shown to prevent and inhibit the progression of
cancers of the esophagus [10, 17, 27], colon [11], breast [31], pancreatic [32], and prostate [33]. This is thought
to be due to the anti-inflammatory effects by reduction of Cyclooxygenase-2 (COX2) and CD45 expression,
anti-angiogenetic effects by inhibition of microvessel formation, and the induction of apoptosis of tumor cells
by increasing BCL-2-associated X protein expression [10, 17, 21, 27].

To date, human cancer clinical trials involving the use of anthocyanin-enriched fractions are scarce. This
is attributed to a number of factors including variability in bioactive content within each fraction preparation,
as well as limitations in our ability to evaluate anthocyanin levels within human tissues and biological fluids
[31–33]. Until recently, quantification of anthocyanin absorption and excretion was limited, but recent advances
in liquid chromatography have allowed for the accurate measurement of anthocyanin levels in patient fluids and
tissues [34]. This method was developed by Giordano et al., in which anthocyanin levels were detected in the
biological fluids of 18 healthy subjects during a cardiovascular prevention phase 1 clinical trial. Specifically,
anthocyanins were detected down to the nanomolar levels of concentration in both blood and urine. Thus, this
method of quantification facilitates the proper evaluation of therapeutic efficacy of anthocyanin supplementation
in cancer clinical trials. Further, a method developed by Kay et al. using 13C labeling of the major BRB antho-
cyanin, cyaniding-3-glucoside (C-3-Gluc) has allowed for biological tracking of these compounds and furthered
our understanding of the bioavailability of BRB anthocyanins, and their pharmacokinetics. Specifically, recent
evidence suggests that anthocyanins have a much higher bioavailability than previously reported, with minimum
levels approaching 12% [35, 36]. These findings not only aide in the tracking of anthocyanins to quantify tissue
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site-specific delivery, but also provide further support for the use of anthocyanins in cancer therapies, as these
compounds are more readily absorbed than previously reported.

Finally, advances in BRB anthocyanin-enriched fraction preparation have allowed for increased delivery of
anthocyanins to target tissues [33]. The food matrix is a known factor that influences the release, absorption and
stability of anthocyanins [37]. Further, it has been reported by Walton et al. that anthocyanins in a pectin-based
oatmeal matrix have a delay and reduction in absorption and ultimately secretion compared to anthocyanins in
a water fraction [38]. Gu et al. have developed a method for the preparation of a BRB anthocyanin-enriched
fraction in both a pectin-based and nectar (juice) preparation and have used these to evaluate anthocyanin
delivery on a cohort of prostate cancer patients [33]. The method for preparations of these fractions has yielded
anthocyanin retention rates of over 90% for the pectin-based preparations, asserting an efficient method of
BRB anthocyanin fraction preparation. Conversely, the juice (nectar) preparations yielded much lower BRB
anthocyanin retention rates, approaching ∼30% [33]. The group attributed these differences in anthocyanin
retention to the mixing/heating steps between these two preparations [33]. Further, the stability of the anthocyanins
was quite high in both preparations, with no significant decrease in anthocyanin content following up to 8 weeks
of storage [33]. This suggests both of these fractions could be used for long-term clinical trials. Together these
findings suggest a legitimate method for BRB anthocyanin-enriched fraction preparation to be used in human
clinical trials.

2.3. Use of stable BRB anthocyanin metabolite protocatechuic acid (PCA) in human clinical trials

PCA is a major metabolite of BRB anthocyanins, accounting for 70% of their metabolic breakdown [39, 40].
It represents a compound of therapeutic significance as compared to BRB anthocyanins as it is relatively stable,
commercially available, and inexpensive [41]. Preclinical studies have indicated it too has anti-cancer properties,
similar to whole-BRB and the anthocyanins in which PCA is derived from [10, 17]. These therapeutic effects
of PCA extend to breast, cervical, liver, and lung cancers [42]. Specifically, PCA demonstrated a similar ability
to reduce rat esophageal tumoriogenesis in a carcinogen induced model [10, 17]. This is presumably due to its
effects on inflammation by specifically its ability to reduce expression of COX2, Inducible Nitric Oxide Synthase,
active nuclear factor kappa-light-chain-enhancer of activated B cells, and Soluble epoxide hydrolase within the
esophagus tissue [10]. This was further demonstrated by the ability of PCA to alter immune cell trafficking,
specifically the innate immune cells, within the esophageal tumor microenvironment, similar to whole BRB and
their component anthocyanins [17]. As PCA has been reported to remain in human tissues significantly longer
than their parent anthocyanins following intake, it is possible that the beneficial effects of BRB anthocyanins are,
at least partly, attributed to their metabolite, PCA [42]. The majority of anthocyanin breakdown occurs in the gut
by the microbiota, releasing PCA into the systemic circulation [43]. This degradation process can lead to PCA
concentration levels that are 8-fold higher than that of their parent anthocyanins [44]. However, differences in
one’s microbiota can alter the metabolites that are released from BRB anthocyanins, for example some subjects
are reported to release gallic acid as the major metabolite [43–45]. Thus, in order to test the clinical relevance of
PCA from a cancer therapeutic perspective in human patients, the metabolite itself must be used.

Although PCA is relatively inexpensive and commercially available, new advancements in its extraction
method and targeted delivery may facilitate its use in larger clinical trials [39, 46, 47]. Xie et al. have reported a
method using imprinted polymers that are attached to the surface of magnetic nanoparticles. Using this method,
they were able to successfully isolate PCA from plant extracts including Homalomena occulta and Cynomorium
songaricum at recoveries 86–102% [46]. Thus methods such as this demonstrate the ability to extract large
quantities of PCA at high efficiency and purity, facilitating its use in a clinical trial setting. Additionally, the
development of enhanced delivery methods of PCA to target tissues may provide a further benefit for its use in
clinical trials [48–50]. Saifullah et al. have recently reported the development of a graphene-based nanoparticles
that possesses a high affinity for PCA, while also facilitating its release at normal tissue pH 7.4 [48]. Specifically,
when the nanoparticles containing PCA were incubated with tumor cell lines including the liver cancer HEP-G2
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cells and colon cancer HT-29 cells, they reported a 40% release rate of PCA within 8 hours, which grew to almost
80% within 48 hours [48]. This was associated with a decrease in HEP-G2 cell viability and a lower IC50 (45.67
vs. 30.56 ppm) compared to incubation of these cancer cells with free PCA [48]. This decrease in cancer cell
viability was attributed to the sustained release of PCA in culture [48]. Conversely, no significantly difference
was shown when incubation of normal fibroblast cells (3T3 cells) with PCA alone or the nanoparticle containing
PCA [48]. This again suggests a specificity of PCA for inhibiting cancer cell growth, which is improved by the
use of the nanoparticle. Further studies should be conducted in vivo to confirm efficacy of the nanoparticles, but
these advancements in PCA extraction and delivery facilitate the use of PCA in human clinical trials [39, 46–50].

2.4. Improving the targeted delivery of quercetin, a component of BRB, for human trials

Quercetin is a flavonoid compound that is found in a number of natural products including fruits like BRB,
vegetables and teas [8, 51]. It is categorized as having high antioxidative properties, and tends to only effect
the growth of cancer over normal cells [52]. The therapeutic effects of quercetin in cancer are well studied and
are thought be through a number of mechanisms. It has been shown to be anti-inflammatory via inhibition of
Toll-like receptor signaling [53], it inhibits cancer signaling transduction by modulating microRNA expression
[54], and it induces apoptosis by increasing c-Jun N-terminal kinasesignaling [55]. Quercetin is typically a
secondary metabolite in fruits and vegetables, however dietary supplements are commercially available and have
very low incidence of toxicity [56]. Extracts from BRB containing quercetin can be produced, and have been
shown to have anti-cancer properties, however due to the presence of other known flavonoids and polyphenols
that inhibit cancer progression, determining whether these effects are due to quercetin in BRB is difficult [57].
The use of imprinted polymers has been shown to have a relatively high efficiency of extracting both quercetin
and anthocyanins from the plant mangosteen pericarp, suggesting a potential mechanism for investigating the
synergism between anthocyanins and quercetin in human studies [58].

The anti-cancer properties of quercetin are well documented, the hurdle that remains in using it as a cancer
therapeutic is insufficient delivery of the compound to the tissue of interest [59, 60]. Although quercetin occurs
in a number of natural products, its bioavailability is low due to a number of properties including poor water
solubility and its rapid body clearance [60]. Recent advances directed at improving the bioavailability of quercetin
offer the potential to facilitate its use in human trials. The use of nanoparticles loaded with quercetin alone or
with other chemotherapeutics offer some evidence of improved drug delivery to target tissues like the GI tract
[61]. Specifically, through the use of silica nanoparticles loaded with quercetin and doxorubicin, a front line
chemotherapy in the treatment of gastric cancer [61]. These nanoparticles are designed to be recognized by the
CD44 receptor, a marker overexpressed in gastric cancer [61]. In short, use of the nanoparticles in vitro and in
vivo displayed selective uptake of doxorubicin and quercetin by gastric cancer cell lines, which correlated with
a significant decrease in tumor volume in vivo compared to mice treated with free quercetin plus doxorubicin
[61]. Although these findings offer promise in the use of quercetin as a cancer therapeutic, the use of this system
only applies to those cancers that overexpress CD44, making their clinical impact relatively limited. However,
use of lectin-based dietary formulations of quercetin offer some promise for a more universal use of quercetin
as a cancer therapy [62]. Specifically, quercetin alone and quercetin prepared in a lectin-based formulation were
prepared and subject to in vitro simulated gastrointestinal fluids and taken in vivo by healthy volunteers, following
which levels of quercetin were detected by ultra-performance liquid chromatography [62]. In vitro solubility of
quercetin was significantly increased in the lectin-formulation compared to quercetin alone by almost 10-fold
in pH conditions that ranged from 1.6 to 6.5 [62]. Further, the group quantified the quercetin levels within the
plasma of healthy volunteers following intake of 500 mg of free quercetin or the lectin-based formulation. They
found that within 1 hour, those that took free quercetin had undetectable levels, whereas patients that ingested
the lectin-quercetin formula had quercetin levels that reached over 150 ng/mL and were detectable for over 9
hours following intake [62]. These results not only present a more universal delivery of quercetin in the setting of
cancer therapy, but also significantly improve its bioavailability, and thus may improve its therapeutic efficacy.
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2.5. Ellagic acid as BRB-derived therapeutic in treating human cancer

Ellagic acid is a phenolic antioxidant that found to be relatively high in human plasma following ingestion of
BRB [63]. It has been shown to have anti-cancer effects in esophagus [64], breast [14], colon [65], and oral cancers
[66]. These anti-cancer effects may however only account for part of the cancer therapeutic effects of BRB, as
oral lesion incidence tends to be lower in a 4-nitroquinoline 1-oxide induced model of animals fed whole BRB
compared to those fed ellagic acid alone [66]. Conversely, when BRB are fractionated into their organic soluble
anthocyanin-rich fraction and organic insoluble fraction (low anthocyanin content, high ellagic acid content),
the insoluble fraction has just as protective in preventing esophageal cancer in a preclinical animal model [27].
Additionally, the anti-estrogenic effects of ellagic acid have proven to be therapeutic in hormone-dependent
cancer as well [67]. Thus, the benefits of ellagic acid may be restricted to certain types of cancer.

Although the benefits of ellagic acid in the context of cancer therapy are documented, hurdles remain for its
use in human clinical trials. Ellagic acid levels tend to be relatively low compared to other constituents in BRB
and other fruits, making their isolation inefficient and the compound itself expensive to produce [8, 68]. For
example in pomegranate, isolation of ellagic acid by matrix-solid phase dispersion resulted in an ellagic acid
yield of less than 1%, with mean recovery approaching 100% [68]. Further, recent evidence suggests that the
anti-cancer benefits of ellagic acid may be due to its major metabolite, urolithin A [67], which is problematic
due to the fact that ellagic acid metabolism varies considerably in humans [20, 21]. Thus, the benefits of ellagic
acid may only extend to those that possess the ideal metabolic machinery to release urolithin A from ellagic
acid. Despite these challenges, clinical trials using extracts containing high amounts of ellagic acid have been
completed and report mixed effects [69, 70]. In prostate cancer phase I trial, no significant changes in PSA levels
were observed in patients given an extract containing high levels of ellagic acid (produced from muscadine grape)
[69]. Conversely in colon cancer patients, beneficial changes in colon cancer-associated gene expression were
observed in patients given a pomegranate, ellagic acid containing, extract [70].

3. Discussion/conclusions

The ability of plants to prevent and even treat cancer has been well documented [1, 2]. Additionally, technology
designed to identify the components of these natural products and isolate them for use in preclinical testing has
greatly expanded our understanding of mechanistically why plants, specifically BRB, are beneficial in cancer
[5–16, 27, 37–39]. This is evident in studies demonstrating the success of BRB-derived fractions that still
maintain the beneficial effects of whole BRB [15, 27, 40–47]. More, the use of single components of BRB
including anthocyanins, their metabolic PCA products, quercetin, or ellagic acid have demonstrated the ability
to inhibit the development and progression of cancer in preclinical models [8, 10, 14, 27]. This has allowed the
rationale for their use in clinical trials that are currently underway according to Clinicaltrials.gov. As shown in
Table 1, BRB, but also their component anthocyanins, quercetin, and ellagic acid are being used in the treatment
of cancer through a variety of delivery methods.

Although the use of these BRB components is beginning to be utilized in a clinical trial setting, obstacles still
remain in perfecting these therapeutics. Our ability to isolate content standardized extracts or single agents from
BRB appears critical for their potential use in human clinical trials and ultimately as standard cancer therapeutic
in a clinical setting. This is due to the high degree of variability that occurs between BRB yields [33] as well as
differences in patient metabolism, causing a stratification of patient groups into high, middle and low responders
[20, 21]. Further, lack of bioavailability of specific BRB compounds complicates their use as treatment, even
when extraction methods are optimized [36, 37, 44, 45, 60].

New advancements in therapeutic isolation and preparation may offer the key to the use of BRB components
in a clinical trial setting. Anthocyanins were historically difficult to quantify and efficiently extract, however
advancements in their extraction and tracking in human tissues following intake have greatly improved our
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understanding of their stability and trafficking within the body [33–36]. Additionally, advancements in their
preparation, through the use of pectin-based preparations, has allowed for a drastic increase in anthocyanin
stability and bioavailability [37]. These results are similar to the development of lectin-based formulations of
quercetin, which showed no detectable levels of quercetin in subject plasma just 1 hour after intake, vs. the
lectin-based quercetin in which quercetin was detected 9 hours after initial intake [62].

The use of BRB component metabolites vs. their parent compounds may also offer a better option in a clinical
trial setting. BRB anthocyanins are predominantly broken down into PCA [39], and PCA has shown to be 8-fold
higher in patient tissues compared to anthocyanins [42]. Further PCA has similar effects on preventing to the
progression of cancer in preclinical models, similar to whole BRB and their component anthocyanins [10, 17].
Similar trends are seen in ellagic acid, in which its metabolite urolithin A is considered the active anti-cancer
component [67]. These findings, coupled with high degrees of variability in patient’s ability to utilize these
metabolites due to differences in metabolism suggest the use of BRB metabolites as a cancer therapeutic [21].

In conclusion, advancements in BRB component extraction and preparation for human intake have greatly
improved in recent years. This has allowed for a standardization of their content while also improving their
bioavailability and anti-cancer effects. Further, the use of BRB metabolites, like PCA, may reduce variability
in patient response rates due to differences in metabolism. Based on the results of active clinical trials using
these components of BRB, attempts should be made to use these newly developed extraction and formulation
techniques to perhaps increase the efficacy of these components even more as cancer therapeutics.
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