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Abstract 

In the harsh, unprotected wilds, environmental or climatic stressors (elicitors) 
provoke the deposition of health-protective secondary phytochemicals in plants that 
will help them adapt and thrive. For berries endemic to the wind-battered open 
plains of the Dakotas, the arctic tundra of Alaska, exposed elevations in the Andean 
Mountains or the nutrient-starved lava flows of Pacific Islands, certain stresses can 
be taken to extreme limits, triggering deposition of potent phytochemical mixtures 
within berry fruits. The unique and sometimes dramatic phytochemical melange not 
only protects the host plant from insult, but also offers broad-spectrum health 
benefits to the animals (including humans) that consume these berries. Traditional 
diets in many native cultures have featured wild game, seafood, and a plethora of 
these wild berry species including salmonberries, mossberries, maquiberry, 
buffaloberry, blue huckleberries and bog blueberries. In recent years, just as native 
communities have shifted towards more Western diets and away from traditions, the 
incidence of diabetes and obesity has risen. In partnership with local Native 
American and Alaska Native communities, our teams have investigated the health 
protective (and in particular, anti-diabetic and obesity-inhibiting) properties of 
indigenous berries as conditioned by environmental and climatic stress in the wild 
growing sites. Various wild berries were examined in field bioassays, then in lab 
analyses, and proved capable of dose-dependent inhibition of proinflammatory 
cytokines associated with metabolic syndrome, and inhibition of aldose reductase, an 
enzyme associated with diabetic retinopathy. The complexity of the phytochemical 
profiles of the wild berries and potentiating interactions between anthocyanins, 
proanthocyanidins, and other flavonoid phytochemicals contributed to the 
modulation of specific cellular targets related to metabolic syndrome and obesity.  

 
INTRODUCTION 

Berries are recognized resources for many nutritional components (vitamins, 
minerals, fiber, natural sugars, etc.), but the functional food status of berries – and their 
wide-ranging ability to prevent and/or ameliorate chronic human diseases – is generally 
attributed to accumulated extra-nutritional secondary compounds (largely flavonoids and 
other phytochemicals) which are not considered integral to plant growth and 
development. Of course, the berry plant is not producing these secondary chemicals out of 
some sense of altruism towards mankind, but instead, to provide itself with unique 
survival or adaptive strategies. As sessile organisms, plants often must rely on chemical 
and physical adaptations through the production of secondary compounds for defense, 
protection, cell-to-cell signaling, attraction, and other adaptations. They synthesize 
mixtures of phytochemicals which play unique roles in a plant’s ecophysiology.  

When a plant is challenged by an environmental insult, primary metabolism may 
shut down or be attenuated in favor of accumulation of these secondary, shielding or 
defensive, natural chemicals. For berry species indigenous to the wind-battered open 
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plains of the Dakotas, the arctic tundra of Alaska, exposed elevations in the Andean 
Mountains or the nutrient-starved lava flows of Pacific Islands, certain stresses can be 
taken to extreme limits, triggering deposition of unusually potent phytochemical mixtures 
within berry fruits (Cuevas-Rodríguez et al., 2012; Kellogg et al., 2010b; Lila, 2006). 
These phytochemicals typically occur in diverse families that interact synergistically or 
additively to broaden the range and the efficacy of survival tactics. This inherent survival 
strategy makes a plant less vulnerable; if a pathogen evolves or mutates to overcome one 
defensive mechanism, there will be other, different chemical defenses still in place to 
prevent pathogen infestation. An impressively diverse arsenal of low molecular weight 
antioxidants, which vary between species, are known to protect plants (and subsequently, 
human consumers) from oxidative stress alone (Lila, 2011; Lila and Raskin, 2005). 

The process, triggered by environmental or other stresses, that leads to 
accumulation of complex secondary phytochemical compounds is typically referred to as 
elicitation. A few of the best recognized elicitors include abiotic stresses (temperature, 
UV-B radiation, low or abnormally high water potential, and mineral stress), or biotic 
factors (pathogen or predator attacks may elicit a plant to produce lignans and isoflavones 
to repel insect feeders or to act as fungistatic compounds, whereas interplant competition 
may provoke a plant to produce phytotoxic secreted chemicals to discourage other 
invasive plants in the rhizosphere). A variety of provocations of the environment or biotic 
agents can trigger a plant to respond by shutting down primary metabolism and beginning 
to synthesize and accumulate secondary compounds. 

The traditional subsistence diets in many tribal communities, in the Americas as 
well as in Asia and Africa, often is comprised of wild game and fish, wild edible plants, 
and wild berries as sometimes the only ‘sweet’ item in the diet (Kraft et al., 2008). The 
wild berries, subjected to extremes of the environment and often existing at the fringe of 
survival, are repositories for complex phytochemical (largely flavonoid) profiles that 
served to protect the host plants against ravages of exposure, pests, and poor soil fertility. 
The unique and sometimes dramatic phytochemical melange not only protects the host 
plant from insult, but also offers broad-spectrum health benefits to the animals (including 
humans) that consume these berries. These berries were long recognized for their 
medicinal value, as aids to wound healing and infections as well as regulators of blood 
sugar, in addition to their integral roles in the community diet. 

Some of the traditionally-used berries in diets of Native American and Alaska 
Native communities include salmonberries, mossberries, maquiberry, buffaloberry, blue 
huckleberries and bog blueberries. Only rarely have any of these species been available 
commercially (after harvest from wild unmanaged stands), and usually they cannot be 
found outside of their narrow geographic ranges (Yarborough, 2014). The berries in the 
genus Vaccinium, in particular, have a long history of traditional use in the Americas. 
Vaccinium spp. feature significant anthocyanin, proanthocyanidin oligomer, and other 
flavonoid content simultaneously, all which singly and in particular, interactively, can 
inhibit biomarkers of human disease.  

In the current era, many Native American and Alaska Native communities have 
reported a shift, especially among the youth, towards more Western diets and away from 
traditions. Simultaneously, especially in native groups, the incidence of diabetes and 
obesity has escalated to alarming proportions. In partnership with local Native American 
and Alaska Native communities, our teams strived to investigate the health protective 
(and in particular, anti-diabetic and obesity-inhibiting) properties of indigenous berries as 
conditioned by environmental and climatic stress in the wild growing sites. Our approach 
has featured a two-phase strategy, which first engages local community members in 
cooperative on-site field bioexploration to investigate the health-protective potential of 
berry fruits (Flint et al., 2011; Kellogg et al., 2010a). Pre-clinical follow-up on 
phytochemical composition and science-confirmation of berry biological activities in the 
laboratory (Kellogg et al., 2010b; Kraft et al., 2008; Rojo et al., 2012; Schreckinger et al., 
2010; Wang et al., 2012) validated traditional ecological knowledge concerning the berry 
resources and paved the way for wider use of the berries as interventions for health and/or 
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for commercial distribution if desired (Kellogg et al., 2011).  
 

MATERIALS AND METHODS 
 

In-Field Assessments of Bioactivity 
The collaborative in-field berry research and biodiscovery projects summarized in 

this manuscript were initially conducted with participating communities in North America 
(North Dakota, Maine, and Alaska) and in South America (Ecuador and Chile), and 
research teams from Rutgers University, the University of Illinois, and North Carolina 
State University. The Global Institute for BioExploration (GIBEX; www.gibex.org) 
which has guided these projects under the auspices of the USDA, the US EPA, and other 
sponsors, has conducted parallel bioexploration research ventures in over 20 countries 
globally. 

Berry fruits included Amelanchier alnifolia (serviceberry), Viburnum trilobum 
(highbush cranberry), Shepherdia argentea (silver buffaloberry), and Prunus virginiana 
(chokecherry) in North Dakota (Kraft et al., 2008), Aristotelia chilensis (maqui berry) in 
the Patagonia region of Chile and Vaccinium floribundum (mortino) from Ecuador 
(Schreckinger et al., 2010), Vaccinium angustifolium (wild lowbush blueberry) from 
Maine, and five species of indigenous Alaskan berries (Vaccinium ovalifolium, Vaccinium 
uliginosum, Rubus chamaemorus, Rubus spectabilis, and Empetrum nigrum). The 
common names of the latter group of berries varied according to the region of Alaska in 
which they were found (Flint et al., 2011; Kellogg et al., 2010a). Preliminary assessments 
of the biologically-active (potentially anti-diabetic) properties of wild indigenous berries 
were conducted on site, using a few grams of plant material and simple field-deployable 
assays that gauged antioxidant capacity, anthocyanin concentrations, alpha glucosidase 
inhibitory activity, and protease inhibition, and with the aid of descriptive field manuals 
provided for participating community members (Kellogg et al., 2010b). For follow-up 
laboratory screening, berries were frozen and stored at -80°C until use. 

 
Laboratory Reagents 

-Nicotinamide adenine dinucleotide phosohophate reduced form (-NADPH), 
DL-glyceraldehyde, DL-dithiothreitol (DTT), 3,3-tetramethyleneglutaric acid (TMG), and 
Sephadex LH-20 were all purchased from Sigma (St. Louis, MO). Toyopearl HW-40F 
was obtained from Tosoh, Bioscience LLC (Montgomeryville, PA) and the recombinant 
aldose reductase was bought from Wako Chemicals USA, Inc. (Richmond, VA). 

 
Phytochemical Analysis 

Fruit was extracted as previously described (Kraft et al., 2008). Briefly, frozen 
berries were mashed, lyophilized until completely dry, and then extracted 4 times in 80% 
(v/v) aqueous ethanol (1:10, g fruit:ml solvent) by stirring for 1 h followed by filtering 
through several layers of cheesecloth and no. 4 Whatman (Fisher Scientific; Pittsburg, 
PA) filter paper. The filtrate (crude extract) was concentrated under vacuum in a 40°C 
water bath to an aqueous slurry. A liquid-liquid extraction of the crude extract (157 g 
equivalent) was made by mixing it with equal volumes of water and ethyl acetate, shaking 
the mixture, and then separating the aqueous phase from the ethyl acetate phase. The 
aqueous portion was mixed with and then separated from ethyl acetate four times. Both 
phases were concentrated under vacuum in a 40°C water bath and dried via 
lyophilization. 

For analysis of anti-inflammatory markers, anthocyanin- and proanthocyanidin-
rich fractions were made by first passing the crude extract over an Amberlite XAD7HP 
(Sigma, St. Louis, MO) column and then separating the resulting fraction using Sephadex 
LH20 (Sigma). A portion of the concentrated crude extract (139 g equivalent) was mixed 
with Amberlite and water:triflouroacetic acid (100:0.3 v/v, acidified water) and poured 
onto a 70 mm diameter coarse-grade fritted glass filter. Acidified water (2 L) was used to 
remove sugars (with vacuum) and the column was then rinsed with 1.25 L methanol: 
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triflouroacetic acid (100:0.3 v/v, acidified methanol) without vacuum to elute 
anthocyanins and proanthocyanidins. The methanolic fraction was concentrated and dried 
as described above yielding 22.8 g. A portion of the dried methanolic fraction (4.0 g) was 
dissolved in water:methanol:triflouroacetic acid (80:20:0.3 v/v/v, acidified 20% aqueous 
methanol) and gently poured over a 75×3.5 cm (l×w) Sephadex LH20 column saturated in 
acidified 20% aqueous methanol. Individual fractions (75 ml each) were eluted using 
acidified 20% aqueous methanol followed by the elution of one, 250 ml fraction using 
acetone:water (70:30 v/v). These fractions were concentrated and dried as described 
above, and recombined into anthocyanin-rich fractions (ANC) and proanthocyanidin-rich 
fractions (PAC). 

An Agilent 1100 HPLC system (Agilent Technologies, Inc., Wilmington, DE) 
with autosampler, photodiode array detector (PDA), and Supelcosil LC18 reverse-phase 
column (250 mm × 4.6 mm × 5 µm; Supelco; Bellefonte, PA) was used to quantify 
phytochemical constituents. All samples were prepared by dissolving 5 mg in 1 ml 
methanol and filtering through 0.2 µm nylon filters (Fisher Scientific, Hanover Park, IL) 
before injecting 15 µl onto the HPLC column kept at a constant temperature of 20°C. All 
anthocyanin and proanthocyanidin standards were prepared at three concentrations (0.25, 
0.5, and 1.0 mg/ml) using 100% methanol and had a 15 µl injection volume. For 
anthocyanin quantification, cyanidin-3-O-glucoside (C3G; Chromadex; Santa Ana, CA) 
was used as the standard. The mobile phase consisted of 5% formic acid in water (v/v, 
solvent A) and 100% methanol (solvent B). The flow rate was constant during HPLC 
analysis at 1 ml/min with a step gradient of 10, 15, 20, 25, 30, 60, 10, and 10% of solvent 
B at 0, 5, 15, 20, 25, 45, 47, and 60 min, respectively. Quantification of anthocyanins was 
performed from the peak areas recorded at 520 nm with reference to the calibration curve 
obtained with cyanidin-3-O-glycoside. For proanthocyanidin quantification, epicatechin 
(EC; Sigma) was used as the standard. The mobile phase consisted of 
water:acetonitrile:formic acid (95:5:0.1 v/v/v, solvent A) and acetonitrile:water:formic 
acid (95:5:0.1 v/v/v, solvent B). The flow rate was constant during HPLC analysis at  
1 ml/min with a step gradient of 0, 5, 30, 60, 90, 0, and 0% of solvent B at 0, 5, 40, 45, 
50, 55, and 60 min, respectively. Quantification of proanthocyanidins was performed 
from the peak areas recorded at 280 nm with reference to the calibration curve obtained 
with epicatechin. All data were processed using Chemstation Software for LC 3D systems 
(Rev. A.10.02; Agilent) and analyzed in triplicate. 

High performance liquid chromatography-electro spray ionization-mass 
spectrophotometer (HPLC-ESI-MS) data were obtained for identification of flavonoids. 
The HPLC separations were carried out on Waters Alliance 2795 (Waters Corporation, 
Beverly, MA) using the same column and PDA detector described above. A 15 µl 
injection volume was used. The mobile phase consisted of water:acetonitrile:formic acid 
(95:5:0.1 v/v/v, solvent A) and acetonitrile:water:formic acid (95:5:0.1 v/v/v, solvent B). 
The flow rate was constant during HPLC analysis (200 µl/min) with a step gradient of 0, 
5, 30, 60, 90, 0, and 0% of solvent B at 0, 5, 40, 45, 50, 55, and 60 min, respectively. The 
HPLC-PDA was connected to a LCQ Deca XP mass spectrometer (Thermo Finnigan 
Corp., San Jose, CA) run in positive mode with a scan range of 100-2000 m/z. Xcalibur 
software (Version 1.4 SR1; Termo Electron; San Jose, CA.) was used for data processing. 

For analysis of aldose reductase inhibitory activity (ARI), a portion of the crude 
extract (approximately 60 g) was fractionated by passing it over a Toyopearl polymer 
HW-40F column (TP, 70 mm column diameter with a medium-porosity fritted glass disc) 
for vacuum chromatography. Water (500 ml), water (350 ml), 50% aqueous methanol 
(MeOH, 1.0 L), 100% MeOH (1.0 L), 100% acetone (1.0 L), and 50% aqueous acetone 
(1.0 L) were used to elute 6 TP fractions (TP1a, TP1b, TP2-TP5, respectively). All 
fractions were concentrated as described above and dried via lyophilization. 

 
Culture System 

BV-2 (mouse microglial) cell line was maintained at 37C under 5% CO2 in 
DMEM (Dulbecco’s Modified Eagle’s Medium; 4.5 g/L glucose) with 10% (v/v) heat 
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inactivated FBS (fetal bovine serum), supplemented with 100 U/ml penicillin, 0.1 mg/ml 
streptomycin, 0.25 µg/ml amphotericin B, and 2 mM glutamine. For maintenance, 
confluent cultures were washed with HBSS (Hank’s Balanced Salt Solution) and passed 
via trypsinization. All chemicals were obtained from Fisher Scientific (Pittsburg, PA) 
except for glutamine (Invitrogen, Carlsbad, CA). 

BV-2 cells were plated at 1×106 cells/well in 6-well plates (2 ml total volume) for 
24 h and then samples dissolved in DMSO were added to wells (10 µl). After 1 h 
incubation with samples, LPS (lipopolysaccharide; dissolved in sterile water) was added 
(10 µl) to wells (10 ng/ml LPS). After 8 h of LPS exposure, cells were harvested. Cell 
media from wells was collected (1.5 ml), centrifuged at 4C at 14,000 rpm for 3 min, and 
1 ml of supernatant was saved. 

 
Quantification of IL-6 and TNFα via ELISA 

OptEIATM ELISA kits (BD Biosciences, San Diego, CA) were used to test for 
mouse IL-6 and TNFα in the collected supernatant. Samples containing LPS were diluted 
1:20 with cell media before assaying. Kits were used as per the manufacturer’s 
instructions. The concentration of IL-6 and TNFα in samples was calculated using a 
standard curve based on 8 concentrations of standards. Appropriate water and DMSO 
controls were used; all samples and controls were assayed in duplicate in at least  
5 independent runs. IC50 values were calculated using a nonlinear least squares equation 
of best fit and GraphPad Prism 5.00 (GraphPad Software; San Diego, CA). 

 
Quantification of NO 

Griess reagents (Cayman Chemical, Ann Arbor, MI) were used to quantify the 
amount of nitric oxide in the collected supernatant and used as per the manufacturer’s 
instructions. The concentration of NO in samples was calculated using a standard curve 
based on 8 concentrations of standards. Appropriate water and DMSO controls were used; 
all samples and controls were assayed in duplicate in at least 5 independent runs. IC50 
values were calculated using a nonlinear least squares equation of best fit and GraphPad 
Prism 5.00. 

 
Cell Viability 

Cell viability was assayed using the CellTiter-Blue® Cell Viability Assay 
(Promega, Madision, WI) to monitor the effect of samples, DMSO, and LPS on BV-2 cell 
growth. Cells were grown, plated, and exposed to samples and LPS as mentioned above 
and fluorescence (490 nm) was measured 8 h after LPS treatment. The assay was 
conducted in triplicate and according to the manufacturer’s instructions. 

 
Analysis of Interactions 

The effect of the interactions between fruit fractions was evaluated by combining 
fractions in a manner that replicated their relative masses found naturally in the crude 
extract and testing the effect of this combined fraction on the production of IL-6, TNFα, 
and NO in BV-2 cells. Predicted (calculated) and empirically derived values of percent 
inhibition were compared to each other to determine the type of interactions. Empirical 
values that differed significantly from the predicted values were considered to have a 
“more than additive” or “interference” effect on production of IL-6, TNFα, and NO (Jo et 
al., 2006). Data represents mean ± standard error of n≥5. 

 
Aldose Reductase Inhibition 

The aldose reductase enzyme was diluted with a solution containing 0.1 mM DTT 
in 25 mM sodium phosphate buffer (pH 6.2) 1:19, v/v, respectively, and adjusted to  
1.0 units/ml. These dilutions and adjustments were made immediately before assaying, 
and the diluted enzyme was kept on ice. Aldose reductase activity was measured by 
monitoring NADPH absorbance at 340 nm over 5 min using a Spectramax Plus384 
microplate reader (Molecular Devices Corp., Sunnyvale, CA). After the diluted enzyme 
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was added to the reaction mixture, the plate was shaken for 10 s and absorbance was 
measured 1 and 5 min later. Percent inhibition of aldose reductase was determined by the 
following equation after the appropriate sample zero values had been subtracted from 
sample and sample blank absorbance values: 

 

Inhibitory Activity (%) = 1 - 
( Sample abs min-1- Sample Blank abs min-1) 

×100% (1)
( Control abs min-1- Control Blank abs min-1) 

 
All extracts and fractions were initially tested at 5 µg/mL and the % inhibition was 

calculated as an average of at least two replications. Toyopearl fractions with inhibitory 
activity greater than 50% and Toyopearl subfractions with inhibitory activity greater than 
60% were further tested to establish IC50 (concentration that yields 50% inhibition) 
values. IC50 values were determined using at least 6 different concentrations tested in 
duplicate or greater using a nonlinear least squares equation of best fit and GraphPad 
Software 5.00 (San Diego, CA); 95% confidence intervals were used to determine 
significance. 3,3-Tetramethyleneglutaric acid was used as a positive control (5 µg/ml 
yielded 80% inhibition). Linear regression was used to compare the relationship of  
A. chilensis phytochemical content to ARI using SigmaStat 3.5 (Systat Software, Inc., San 
Jose, CA). 

 
RESULTS AND DISCUSSION 

Preliminary in-field and laboratory analysis of wild berry fruits from North and 
South America indicated activity against metabolic syndrome (type II diabetes mellitus 
and obesity) biomarkers (Flint et al., 2011; Kellogg et al., 2010a; Kraft et al., 2008). 
Laboratory analyses conducted in tandem have elucidated additional antidiabetic 
properties associated with some of the wild berry genotypes (Grace et al., 2009; Rojo et 
al., 2012; Schreckinger et al., 2010; Wang et al., 2012). Further analysis on some of the 
candidate wild berry selections was next performed in order to elucidate potential 
mechanisms of action responsible for health-protective activities, and to assess 
potentiating interactions between phytochemical constituents contributing to the 
bioactivity.  

 
Interactions of Compounds from Prunus virginiana and Vaccinium angustifolium 
Fruits on In Vitro IL-6, TNFα, and Nitric Oxide Production 

The anti-inflammatory properties of chokecherry (P. virginiana) and wild lowbush 
blueberry (V. angustifolium) fruits were further evaluated using murine microglial cells 
(BV-2 cells) to assess the effect of these fruits on inflammation in the central nervous 
system. Both V. angustifolium and P. virginiana fruits are rich in anthocyanins, however, 
only the former contains prominent amounts of proanthocyanidins. Both anthocyanins 
and proanthocyanidins have individually demonstrated anti-inflammatory activity via 
decreasing production of pro-inflammatory cytokines. 

The ability of V. angustifolium and P. virginiana fruit ethyl acetate fractions, 
anthocyanin-rich fractions, and proanthocyanidin-rich fractions to inhibit the LPS-
induced production of IL-6, TNFα, and NO in BV-2 cells was evaluated using ELISA. 
Briefly, BV-2 cells were pretreated with various concentrations of fruit fractions for 1 h 
and then exposed to 10 ng/ml LPS for 8 h before harvest. Samples were considered active 
and an IC50 value was calculated when a dose dependent trend was observed. 

IL-6 production was inhibited by the ethyl acetate (EA) fraction and the 
anthocyanin-rich (ANC) fraction of both V. angustifolium and P. virginiana fruits but not 
by either proanthocyanidin-rich (PAC) fraction. All four of the active fractions 
demonstrated a dose dependent trend of increased inhibition of IL-6 production with 
increasing dose. The ethyl acetate fraction of V. angustifolium was 1.6 times more active 
than the ethyl acetate fraction from P. virginiana (IC50=220 and 352 µg/ml, respectively, 
Fig. 1). In addition, the anthocyanin-rich fraction of V. angustifolium berries was 
4.5 times more active than the anthocyanin-rich fraction of P. virginiana drupes (IC50= 
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111 and 499 µg/ml, respectively). In both species, there was a significant difference in 
activity between the ethyl acetate fraction and the anthocyanin-rich fraction. However, in 
V. angustifolium berries the anthocyanin-rich fraction was more active and in  
P. virginiana drupes the ethyl acetate fraction was more active. 

Only the ethyl acetate fraction of V. angustifolium and P. virginiana fruits 
inhibited the production of TNFα; anthocyanin-rich and proanthocyanidin-rich fractions 
were not active. Both ethyl acetate fractions demonstrated a positive dose-dependent 
trend with inhibition of TNFα production. The ethyl acetate fraction of P. virginiana was 
1.5 times more active than the ethyl acetate fraction of V. angustifolium at inhibiting the 
production of TNFα (IC50=248 and 374 µg/ml, respectively, Fig. 2). 

The ethyl acetate and proanthocyanidin-rich fractions of V. angustifolium and  
P. virginiana fruits inhibited the production of NO in BV-2 cells in a dose-dependent 
manner. The ethyl acetate fraction of V. angustifolium was a slightly stronger inhibitor of 
NO production than the ethyl acetate fraction of P. virginiana (IC50=219 and 259 µg/ml) 
and the proanthocyanidin-rich fraction of V. angustifolium was slightly more active at 
decreasing NO production than the proanthocyanidin-rich fraction of P. virginiana (IC50= 
204 and 251 µg/ml, respectively, Fig. 3). For both fruit species, the ethyl acetate fraction 
and the proanthocyanidin-rich fractions had similar levels of inhibitory activity. All fruit 
fractions were tested to determine their effect on cell viability and no significant effect 
was found (data not shown). 

 
Effect of Interactions on the Production of IL-6, TNFα, and NO 

The manner in which fruit fractions interact with each other to inhibit the 
production of inflammatory markers such as IL-6, TNFα, and NO was evaluated by 
combining the active ethyl acetate (EA), anthocyanin-rich (ANC), and proanthocyanidin-
rich (PAC) fractions together in a manner that mimicked their relative proportion to each 
other (by mass) in the crude extract. For each fruit species, the fractions could be 
combined in four ways: EA+PAC, EA+ANC, PAC+ANC, and All (EA+PAC+ANC). For 
each combination, a predicted percent inhibition was calculated based on each fraction’s 
empirically determined percent inhibition. The interaction was termed additive if the 
empirical inhibition equaled the predicted inhibition, more than additive if the empirical 
inhibition was greater than the predicted inhibition, and interference if the empirical 
inhibition was less than the predicted inhibition. 

The active fractions of V. angustifolium berries were combined together in all 
possible combinations in a manner that reflected their relative masses to each other in the 
crude extract (EA:PAC, 1.0:0.5; EA:ANC, 1.0:0.7; PAC:ANC, 1.0:0.7; and EA:PAC: 
ANC 1.0:0.5:0.7). Only the EA:ANC combined fraction inhibited the production of IL-6 
and TNFα. This combined fraction had an interference effect on the inhibition of IL-6 
production (71.0% empirically determined inhibition vs. 78.7% predicted inhibition) and 
also an interference effect on the inhibition of TNFα (29.98% empirically determined 
inhibition vs. 38.0% predicted inhibition; Table 1). However, this combined fraction had 
a more than additive effect on the inhibition of NO production (48.8% empirically 
determined inhibition vs. 40.5% predicted inhibition). The EA:PAC combination also had 
a more than additive effect on NO production (47.7% empirically determined inhibition 
vs. 33.4% predicted inhibition). The PAC:ANC combination had an interference effect on 
NO production (2.2% empirically determined inhibition vs. 9.4% predicted inhibition) 
and the EA:PAC:ANC fraction (All) had an additive effect on NO production (48.9% 
empirically determined inhibition vs. 41.7% predicted inhibition; Table 1). 

The active fractions of P. virginiana drupes were also combined together in all 
possible combinations in a manner that reflected their relative masses to each other in the 
crude extract (EA:PAC, 1.0:1.3; EA:ANC, 1.9:1.0; PAC:ANC, 2.4:1; and EA:PAC:ANC 
1.0:1.3:2.4). Only the EA:ANC combined fraction of P. virginiana drupes were active 
against the LPS-induced production of IL-6 and TNFα. This combined fraction had an 
additive effect on IL-6 production (72.0% empirically determined inhibition vs. 68.0% 
predicted inhibition) and as well as an additive effect on TNFα production (20.2% 
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empirically determined inhibition vs. 21.1% predicted inhibition; Table 2). The only 
combined fraction that was active against NO production was EA:PAC and this 
interaction was also additive (31.1% empirically determined inhibition vs. 26.7% 
predicted inhibition; Table 2). The EA:PAC:ANC and the PAC:ANC combined fractions 
from P. virginiana drupes were not active against the production of any of the studied 
inflammatory markers. 

The total anthocyanin content and total proanthocyanidin content of 
V. angustifolium and P. virginiana fruit fractions was determined by comparing HPLC 
chromatograms of fruit fractions to a standard curve based on three concentrations of 
cyanidin-3-O-glycoside (C3G) and epicatechin (EC) standards, respectively. The 
anthocyanin-rich fraction of V. angustifolium berries had twice the concentration of 
anthocyanins found in the similar fraction of P. virginiana drupes (963.6 and 442.6 mg 
C3G equivalent/g sample, respectively; Table 3). In addition, the anthocyanin-rich 
fraction of P. virginiana drupes contained 271.3 mg EC equivalent/g sample of 
proanthocyanidins whereas there were no proanthocyanidins detected in the anthocyanin-
rich fraction of V. angustifolium berries (Table 3). 

The proanthocyanidin-rich fraction of V. angustifolium berries and P. virginiana 
drupes contained similar levels of proanthocyanidins (930.8 and 1126.8 mg EC 
equivalents/g sample, respectively) and both contained low levels of anthocyanins (5.7 
and 13.5 mg C3G equivalent/g sample, respectively). The ethyl acetate fraction of  
V. angustifolium berries contained low amounts of anthocyanins (12.6 mg C3G 
equivalent/g sample) and no detectable amounts of proanthocyanidins. The ethyl acetate 
fraction of P. virginiana drupes also contained few anthocyanins (53.5 mg C3G 
equivalent/g sample) but had a high concentration of proanthocyanidins (950.4 mg EC 
equivalent/g sample, Table 3). 

 
Compound Identification 

The compounds in the ethyl acetate fractions of fruits were identified using LC-
ESI-MS (positive mode). For both fruits, this fraction was composed of chlorogenic acid, 
anthocyanins, and flavonols. The ethyl acetate fraction of V. angustifolium berries 
contained simple anthocyanins, such as peonidin-3-galactoside/glucoside (gal/glu; / 
indicates that either or both hexosides could be present), malvidin-3-gal/glu, delphinidin-
3-gal/glu, malvidin-3-arabinoside, and malvidin-6-acetyl-3-glucoside. In addition, it 
contained flavonols including the 3-gal/glu of quercetin and isorhamnetin and one B-type 
proanthocyanidin dimer (Table 4). The ethyl acetate fraction of P. virginiana berries 
included two identifiable anthocyanins (cyanidin-3-gal/glu and cyanidin-3-rutinoside) and 
two identifiable flavonols (quercetin-3-gal/glu and quercetin-3-rutinoside, Table 5). 

Compounds found in the ethyl acetate fraction of both fruits, such as flavonols and 
simple anthocyanins and proanthocyanidins, inhibited the production of all three 
inflammatory markers studied. Anthocyanin-rich fractions from both fruits inhibited 
production of IL-6, whereas the proanthocyanidin-rich fractions were limited to only 
decreasing production of NO. 

The activity of V. angustifolium fractions was greater than the activity of the 
comparable P. virginiana fractions against each inflammatory marker except for TNFα. 
In particular, the ANC fraction of V. angustifolium demonstrated much stronger inhibition 
of IL-6 production than the ANC fraction of P. virginiana suggesting that the more 
diverse anthocyanin content of the V. angustifolium berry is related to the increased 
activity. The activity of the PAC fractions from the different fruit species against NO 
production was similar. 

 
Aldose Reductase Inhibitory Activity of Aristotelia chilensis (Maqui) and Prunus 
virginiana (Chokecherry) Berries 

Aldose reductase is an enzyme whose increased activity in hyperglycemic 
conditions has been associated with complications of diabetes such as diabetic 
retinopathy. Using an efficient microtiter-based aldose reductase inhibitory assay, 
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flavonoids from berries of A. chilensis and P. virginiana were characterized and ARI 
(aldose reductase inhibitory) activity of berry extract fractions was quantified. 

The total phenolic content for A. chilensis berry TP fractions ranged from 443.3 
(TP2) to 799.3 mg catechin equivalent (CE)/g (TP5). Additionally, the total phenolic 
content of TP2 and TP3 and of TP4 and TP5 were similar (Table 6). The total phenolic 
content of P. virginiana berry TP fractions was in a similar range; TP3 was the lowest 
(73.8 mg CE/g) and TP2 the highest (840.4 mg CE/g, Table 6). Overall, the subfractions 
of A. chilensis TP2 had a much higher total phenolic content than the subfractions of 
A. chilensis TP3-5. The total phenolic content of TP2 subfractions ranged from 226.0 
(TP2A) to 1210.0 (TP2E) mg CE/g whereas TP3-5 subfractions had a total phenolic 
content that ranged from 17.7 (TP3-5A) to 901.6 (TP3-5E) mg CE/g (Table 6). 

The total anthocyanin, proanthocyanidin, and flavonol content of A. chilensis and 
P. virginiana berry TP fractions was determined using HPLC by comparing berry 
fractions to a standard curve based on three concentrations of cyanidin-3-glycoside 
(C3G), epicatechin (EC), and quercetin (Q) standards, respectively. Anthocyanin, 
proanthocyanidin, and flavonol compounds were identified via studying LC-ESI-MS 
fragmentation patterns. TP2 for both A. chilensis and P. virginiana had the highest 
anthocyanin content (101.4 and 274.3 mg C3G equivalent/g; Table 7). Two of the 
subfractions of TP2 from A. chilensis (TP2B and TP2C) had anthocyanin contents (437.9 
and 220.8 mg C3G equivalent/g) that more than doubled the anthocyanin concentrations 
of their parent fraction (TP2; Table 7). The remaining TP2 subfractions all had an 
anthocyanin content less than 50 mg C3G equivalent/g. The TP3-5 subfractions of 
A. chilensis berries had low levels of anthocyanins and only TP3-5B had an anthocyanin 
content greater than 1.0 mg C3G equivalent/g (33.4 mg C3G equivalent/g). 

The TP fractions of A. chilensis all contained proanthocyanidins which ranged 
from 1666.6 (TP4) to 645.8 (TP5) mg EC equivalent/g. The TP fractions of P. virginiana 
berries had a lower proanthocyanidin content and ranged from 17.0 (TP3) to 1010.3 (TP2) 
mg EC equivalent/g. Subfractions of TP2 from A. chilensis berries contained increasing 
levels of proanthocyanidins ranging from 15.3 (TP2A) to 1429.5 (TP2G) mg EC 
equivalents/g, with the level in TP2G being almost 1.5 times that found in its parent 
fraction (TP2, Table 5.3). Three subfractions of TP3-5 from A. chilensis berries (TP3-5C, 
TP3-5E, and TP3-5F) had much higher proanthocyanidin levels than their parent fractions 
(1287.3, 2222.7, and 1742.4 mg EC equivalent/g, respectively). 

TP fractions 2-5 (TP2-TP5) of A. chilensis berries demonstrated strong inhibitory 
activity against aldose reductase (86, 89, 78 and 69%, respectively). The IC50 value for  
A. chilensis TP2 was 1.10 µg/ml (Table 8). A. chilensis fractions TP3-TP5 were combined 
due to their similar chemical composition and need for sufficient mass for further 
fractionation and testing. The IC50 value of the combined fraction (TP3-5) was 0.79 µg/ml 
(Table 8). TP fractions 2 and 5 were the only fractions of P. virginiana that had strong 
inhibitory activity against aldose reductase (49 and 72%, respectively) with IC50 values of 
4.45 and 4.49 µg/ml, respectively, which are not statistically different. Both active  
P. virginiana TP fractions had significantly lower activity than the active TP fractions of 
A. chilensis. 

 
CONCLUSIONS 

Wild berries thriving in unprotected locations and climatic extremes tend to 
accumulate a diverse phytochemical profile which aid in plant survival, and also interact 
with human therapeutic targets when ingested by an animal, to promote health. Does this 
mean that ‘wild’ is always ‘better’? Wildcrafting from wild berry stands can support 
small scale cottage industry and commercial sales of the berries however, the yield and 
uniformity of wild harvests can be unpredictable especially in extreme environments 
(Kellogg et al., 2011), which greatly limits their utility for mass distribution. Additionally, 
wild berry stands or barrens often have access restricted (when located on tribally-
controlled lands) and/or be susceptible to irreparable damage if subjected to routine large 
scale harvesting, especially that involving mechanized equipment. The broad spectrum 
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health benefits attributed to berry fruits both wild and domesticated are increasingly well 
documented, and ongoing publicity arising on the heels of scientific discoveries serves to 
promote the consumption of a wider variety of berries to the general public; a positive 
outcome for human health. 
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Table 1. Effect of interaction between fractions of Vaccinium angustifolium berries on 

inhibition of LPS-induced IL-6, TNFα, and NO production in BV-2 cells. 
 

Berry  
fractions 

Percent inhibition 
Interaction 

type 
Individual fractions Combined fractions 

EA PAC ANC Predicted Empirical
IL-6       
EA & PAC 61.9±5.2 NA - - - - 
EA & ANC 61.9±5.2 - 16.9±2.2 78.7±5.7 71.0±1.8 Additive 
PAC & ANC - NA 16.9±2.2 - - - 
All 61.9±5.2 NA 16.9±2.2 - - - 
TNFα       
EA & PAC 31.6±2.7 NA - - - - 
EA & ANC 31.6±2.7 - 6.3±1.1 38.0±2.9 29.8±2.7 Interference 
PAC & ANC - NA 6.3±1.1 - - - 
All 31.6±2.7 NA 6.3±1.1 - - - 
NO       

EA & PAC 32.2±5.0 1.1±0.3 - 33.4±5.1 47.7±3.0 
More than 
additive 

EA & ANC 32.2±5.0 - 8.2±0.7 40.5±5.1 48.8±2.1 
More than 
additive 

PAC & ANC - 1.1±0.3 8.2±0.7 9.4±0.8 2.2±3.2 Interference 
All 32.2±5.0 1.1±0.3 8.2±0.7 41.7±5.1 48.9±3.7 Additive 
The effect of interactions between berry fractions of V. angustifolium on the inhibition of LPS (10 ng/ml) 
induced production of inflammatory markers in murine BV-2 cells. The interaction type is determined by 
comparing the empirical values to the predicted values: additive (empirical=predicted), more than additive 
(empirical>predicted), interference (empirical<predicted). Data represents mean ± standard error of n≥5. 
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Table 2. Effect of interaction between fractions of Prunus virginiana fruits on inhibition 
of LPS-induced IL-6, TNFα, and NO production in BV-2 cells 

 

Berry 
fractions 

Percent inhibition 
Interaction 

type 
Individual fractions Combined fractions 

EA PAC ANC Predicted Empirical 
IL-6       
EA & PAC 27.8±7.9 NA - - - - 
EA & ANC 27.8±7.9 - 40.1±7.5 68.0±10.9 72.0±7.8 Additive 
PAC & ANC - NA 40.1±7.5 - - - 
All 27.8±7.9 NA 40.1±7.5 - - - 
TNFα       
EA & PAC 16.9±5.2 NA - - - - 
EA & ANC 16.9±5.2 - 4.2±3.2 21.1±6.1 20.2±4.9 Additive 
PAC & ANC - NA 4.2±3.2 - - - 
All 16.9±5.2 NA 4.2±3.2 - - - 
NO       
EA & PAC 2.0±0.4 24.5±4.9 - 26.7±5.0 31.1±2.4 Additive 
EA & ANC 2.0±0.4 - NA - - - 
PAC & ANC - 24.5±4.9 NA    
All 2.0±0.4 24.5±4.9 NA - - - 
The effect of interactions between berry fractions of P. virginiana on the inhibition of LPS (10 ng/ml) 
induced production of inflammatory markers in murine BV-2 cells. The interaction type is determined by 
comparing the empirical values to the predicted values: additive (empirical=predicted), more than additive 
(empirical>predicted), interference (empirical<predicted). Data represents mean ± standard error of n≥5. 
 
 
 
 
 
 
Table 3. Anthocyanin and proanthocyanidin content of V. angustifolium and P. virginiana 

berry fractions. 
 
 Anthocyanin content 

(mg C3G equivalent/g sample)
Proanthocyanidin content 

(mg EC equivalent/g sample)
Vaccinium angustifolium   

EA 12.6 ND 
PAC 5.7 930.8 
ANC 963.6 ND 

Prunus virginiana   
EA 53.5 950.4 
PAC 13.5 1126.8 
ANC 442.6 271.3 

Values are expressed as cyanidin-3-O-glycoside (C3G) and epicatechin (EC) equivalents by mass. 
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Table 4. Compounds indentified from fractions of Vaccinium angustifolium berries by 

LC-MS and LC-ESI-MS. 
 
Compound [M+H]+ (m/z) Fragment ions (m/z) 

Anthocyanin-rich fraction 
Delphinidin-3-arabinoside 435 303 
Cyanidin-3-galactoside/glucoside 449 287 
Petunidin-3-arabinoside 449 317 
Peonidin-3-galactoside/glucoside 463 301 
Malvidin-3-arabinoside 463 331 
Delphinidin-3-galactoside/glucoside 465 303 
Petunidin-3-galactoside/glucoside 479 317 
Cyanidin-6-acetyl-3-glucoside 491 287 
Malvidin-3-glatactoside/glucoside 493 331 
Petunidin-6-acetyl-3-glucoside 521 317 
Malvidin-6-acetyl-3-glucoside 535 331 
Delphinidin-3-(6-coumaroyl)glucoside 611 303 
Cyanidin-3,5-diglucoside 611 449, 287 

Proanthocyanidin-rich fraction 
Cyanidin-3-galactoside/glucoside 449 287 
Delphinidin-3-galactoside/glucoside 465 303 
Petunidin-3-galactoside/glucoside 479 317 
(epi)cat-A-(epi)cat 577 451, 437, 425, 287 
(epi)cat-(epi)cat 579 453, 427, 301, 291, 289 
(epi)cat-(epi)cat-(epi)cat-(epi)cat-(epi)cat 1443 1153, 579 
(epi)cat (x2 – x12) *   

Ethyl acetate fraction 
Chlorogenic acid 355  
Peonidin-3-galactoside/glucoside 463 301 
Malvidin-3-arabinoside 463 331 
Delphinidin-3-galactoside/glucoside 465 303 
Quercetin-3-galactoside/glucoside 465 303 
Isorhamnetin-3-glalactoside/glucoside 479 317 
Malvidin-3-glatactoside/glucoside 493 331 
Malvidin-6-acetyl-3-glucoside 535 331 
(epi)cat-(epi)cat 579 453, 427, 313,301, 291, 289 
Quercetin-3-rutinoside 611 465, 303 
-A- indicates an A-type interflavan linkage. All other interflavan linkages are B-type. (epi)cat = 
(epi)catechin. * indicates identified using LC-MS and x2 – x12 indicates degree of polymerization. All 
other compounds identified via LC-ESI-MS. 
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Table 5. Compounds indentified from fractions of Prunus virginiana fruits by LC-ESI-

MS. 
 
Compound [M+H]+ (m/z) Fragment ions (m/z) 

Anthocyanin-rich fraction 
Cyanidin-3-galactoside/glucoside 449 287 
Cyanidin-3-rutinoside 595 449, 287 
Cyanidin-3,5-diglucoside 611 449, 287 

Proanthocyanidin-rich fraction 
(epi)cat-A-(epi)cat 577 451, 437, 425, 311, 287 
Cyanidin-3-rutinoside 595 449, 287 
Delphindin-3-rutinoside 611 465, 303 
(epi)gal-(epi)gal 611 443, 317 

Ethyl acetate fraction 
Chlorogenic acid 355  
Cyanidin-3-galactoside/glucoside 449 287 
Quercetin-3-galactoside/glucoside 465 303 
Cyanidin-3-rutinoside 595 449, 287 
Quercetin-3-rutinoside 611 465, 303 
-A- indicates an A-type interflavan linkage. All other interflavan linkages are B-type. (epi)cat = 
(epi)catechin, (epi)gal = (epi)gallocatechin. 
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Table 6. Total phenolic content of Aristotelia chilensis and Prunus virginiana berry 

fractions. 
 

Berry fraction 
Total phenolic content 

(mg catechin equivalent/g sample)
Standard 

error 
A. chilensis   

TP2 443.3 5.1 
TP3 447.1 1.8 
TP4 792.9 10.5 
TP5 799.3 2.5 
TP2A 226.0 3.8 
TP2B 838.8 21.5 
TP2C 805.1 4.0 
TP2D 719.3 2.4 
TP2E 1210.0 7.6 
TP2F 674.9 1.5 
TP2G 979.9 18.9 
TP3-5A 17.7 1.4 
TP3-5B 161.4 0.7 
TP3-5C 630.8 2.6 
TP3-5D 466.6 2.7 
TP3-5E 901.6 0.5 
TP3-5F 897.5 8.5 
TP3-5G 261.6 2.0 

P. virginiana   
TP2 840.4 3.9 
TP3 73.8 1.0 
TP4 400.3 2.0 
TP5 611.4 3.6 

The total phenolic content of Aristotelia chilensis and Prunus virginiana berry Toyopearl (TP) fractions 
was determined using the Folin-Ciocalteu method and measured as catechin equivalents. Values are 
presented as mean ± standard error. n = 3. 
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Table 7. Anthocyanin, proanthocyanidin, and flavonol content of Aristotelia chilensis and 

Prunus virginiana berry fractions. 
 

Berry  
fractions 

Anthocyanin content 
(mg C3G equivalent/

g sample) 

Proanthocyanidin content
(mg EC equivalent/ 

g sample) 

Flavonol content 
(mg Q equivalent/ 

g sample) 
A. chilensis  

TP2 101.4 943.0 0.0 
TP3 3.2 1474.2 2.1 
TP4 0.3 1666.6 0.0 
TP5 0.4 645.8 0.0 
TP2A 41.4 15.3 1.0 
TP2B 437.9 190.9 0.0 
TP2C 220.8 527.9 0.0 
TP2D 45.7 547.0 0.0 
TP2E 7.3 843.6 0.0 
TP2F 8.5 1052.0 0.0 
TP2G 5.5 1429.5 3.7 
TP3-5A 0.0 2.9 0.0 
TP3-5B 33.4 82.6 0.0 
TP3-5C 0.6 1287.3 0.0 
TP3-5D 0.8 188.9 0.0 
TP3-5E 0.5 2222.7 0.0 
TP3-5F 0.5 1742.4 18.6 
TP3-5G 0.8 1056.3 3.2 

P. virginiana    
TP2 274.3 1010.3 0.0 
TP3 13.5 17.0 0.0 
TP4 8.7 245.6 0.0 
TP5 2.3 26.6 0.0 

Anthocyanin, proanthocyanidin, and flavonol content of Aristotelia chilensis and Prunus virginiana berry 
Toyopearl (TP) fractions was determined via HPLC using cyanidin-3-glycoside (C3G), epicatechin (EC), 
and quercetin (Q) standards, respectively. Values are expressed as C3G, EC, and Q equivalents by mass. 
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Table 8. IC50 values of Aristotelia chilensis and Prunus virginiana berry fractions against 

aldose reductase. 
 
Berry fractions IC50 (µg/ml) 95% C.I. 
A. chilensis   

TP2 1.10 0.8-1.5 
TP2D 2.99 1.4-6.4 
TP2E 2.54 2.0-3.3 
TP2F 1.91 1.6-2.2 
TP2G 0.69 0.4-1.1 
TP3-5 0.79 0.5-1.3 
TP3-5C 1.06 0.8-1.3 
TP3-5D 2.11 1.1-4.0 
TP3-5E 1.16 0.8-1.6 
TP3-5F 0.58 0.2-1.8 
TP3-5G 1.00 0.4-2.4 

P. virginiana   
TP2 4.45 3.3-6.0 
TP5 4.49 3.8-5.3 

The concentration needed to inhibit aldose reductase by 50% (IC50) by Toyopearl (TP) fractions of 
Aristotelia chilensis and Prunus virginiana berries was calculated by testing at least 6 concentrations in 
duplicate or greater and using a nonlinear least squares equation of best fit. The 95% confidence interval 
shows significance. 
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Fig. 1. The inhibition of LPS (10 ng/ml) induced production of IL-6 by 4 concentrations 

of fruit fractions of V. angustifolium and P. virginiana in murine BV-2 cells. Data 
are represented as mean ± standard error of n≥5. IC50 values were calculated using 
a nonlinear least squares equation of best fit. Letters above bars indicate significant 
statistical differences, p≤0.05.  
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Prunus virginiana - ethyl acetate fraction
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Fig. 1. Continued. 
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Fig. 2. The inhibition of LPS (10 ng/ml) induced production of TNFα by 4 concentrations 

of fruit fractions of V. angustifolium and P. virginiana in murine BV-2 cells. Data 
is represented as mean ± standard error of n≥5. IC50 values were calculated using a 
nonlinear least squares equation of best fit. Letters above bars indicate significant 
statistical differences, p≤0.05. 
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Fig. 3. The inhibition of LPS (10 ng/ml) induced production of nitric oxide by 4 

concentrations of fruit fractions of V. angustifolium and P. virginiana in murine 
BV-2 cells. Data is represented as mean ± standard error of n≥5. IC50 values were 
calculated using a nonlinear least squares equation of best fit. Letters above bars 
indicate significant statistical differences, p≤0.05. 
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