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Abstract

Nine anthocyanins (1–9) from the edible fruits of Eugenia brasiliensis were identified by HPLC-

PDA and LC-MS, and seven of these are described for the first time in this Brazilian fruit. Two of

the major anthocyanins, delphinidin (8) and cyanidin (9), were studied for their inhibitory activity

against chemokine interleukin-8 (IL-8) production before and after cigarette smoke extract (CSE)

treatment of cells. In non-treated cells the amount of IL-8 was unchanged following treatment with

cyanidin and delphinidin in concentrations 0.1–10 M. Both delphinidin (8) and cyanidin (9)

decreased the production of IL-8 in treated cells, at 1 M and 10 M, respectively. Delphinidin (8)

demonstrated IL-8 inhibition in the CSE treated cells in a dose-dependent manner.
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1. Introduction

In addition to their role as plant secondary metabolites, anthocyanins have gained attention

as functional pigments in food colorants (He & Giusti, 2010). Interest in anthocyanins has

intensified in recent years because of their possible health benefits as dietary antioxidants

(Leiris J. & Martin, 2008). Numerous studies have indicated that they might be positively
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implicated in human health (Lila, 2004). Anthocyanins have a wide range of reported

biological activity, including anti-inflammatory activity (Longo & Vasapollo, 2006), risk

reduction for coronary heart disease (Basu, Rhone & Lyons, 2010), vasoprotective effects

(Bell & Gochenaur, 2006), cytotoxicity (Shin et al., 2009), antidiabetic effects

(Nizamutdinova et al., 2009), and prevention of adipocyte dysfunction that leads to obesity

(Wei et al., 2011). Some of the positive effects of anthocyanins could be related to their

potent antioxidant activity as demonstrated through in vitro and in vivo studies (Tsoyi et al.,

2008).

Chronic obstructive pulmonary disease (COPD), a major cause of death and disability, is

expected to be the third leading cause of death worldwide by 2020 (Murray & Lopez, 1997).

It is characterized by progressive airflow obstruction and airway inflammation, with the

major cause being cigarette smoking (Ling et al., 2011). Alveolar macrophage numbers are

increased in COPD patients, and play a key role in the pathogenesis of COPD through the

secretion of pro-inflammatory mediators such as chemokines and cytokines (Barnes, 2003).

Of particular importance is the neutrophil chemoattractant interleukin-8 (IL-8) (De Diego et

al., 2011). Cigarette smoke extract (CSE) contains high levels of oxygen free radicals, nitric

oxide, and organic compounds that cause oxidative stress (Pryor, Prier & Church, 1983). In

vitro studies of human alveolar macrophages have shown that oxidative stress caused by

acute CSE exposure increases the release of IL-8 (Walters et al., 2005). Currently, little

progress has been made toward developing effective therapies for COPD and although

treatments can improve symptoms, their effects are limited and they have not reduced

disease progression (Calverley et al., 2007). It has been noted that since COPD is considered

steroid-resistant nonsteroidal anti-inflammatories that target chemokine pathways are

needed as new therapies (Biswas, McClure, Jimenez, Megson & Rahman, 2005). Currently,

a variety of nonsteroidal anti-inflammatory drugs are used to treat chronic inflammatory

diseases, but these drugs have notable side effects (Brueggemann, Mani, Mackie, Cribbs &

Byron, 2010). Thus, phytochemicals that can be used as natural chemopreventive agents, for

example, those found in fruits and vegetables, are an attractive alternative (Halvorsen et al.,

2006).

Several researchers have pointed out in the last years the role of diet in the prevention of

COPD (Keranis et al., 2010). Epidemiological studies have shown that fruit and vegetable

consumption is inversely related to incidence of a number of diseases, including cancer and

COPD (Stan, Kar, Stoner & Singh, 2008). Gauliard et al. (2008) have found that a fraction

from raspberry juice enriched in anthocyanins may be beneficial to COPD treatment. We

hypothesize that phytochemicals, like anthocyanins, may be useful for the treatment of

COPD. Along this line, in a patent from our laboratory, we proposed the two anthocyanins,

cyanidin-3-glucoside and delphinidin-3-glucoside, as promising novel therapies for COPD

(D’Armiento, Reynertson, Kennelly & Wallace, 2008). As part of our ongoing study of

antioxidant compounds from tropical fruits with therapeutic effects for COPD E. brasiliensis

was investigated (Dastmalchi, Flores, Petrova, Pedraza-Penalosa & Kennelly; Flores, 2011;

Reynertson et al., 2006). The focus of this study is to identify anthocyanins in this plant and

to explore their potential benefits for the treatment of COPD.
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Eugenia brasiliensis Lamarck, commonly known as “grumixama” or Brazilian cherry, is a

tree from the coastal Brazilian forests that belongs to the genus Eugenia in the Myrtaceae

family. It is one of the largest genera of the Myrtaceae family and comprises around 350

species (Fischer, Limberger, Henriques & Moreno, 2005). Several Eugenia species are

cultivated for their edible fruits and others are used in folk medicine. Traditionally, the

leaves, fruits, and bark wood of E. brasiliensis are astringent, diuretic and taken as a

treatment for rheumatism (Revilla, 2002). Pietrovski et al. (2008) reported the inhibition of

ear oedema of the hydroalcoholic extract, fractions, and compounds isolated from E.

brasiliensis in response to topical application of croton oil on the mouse ear.

The fruits of E. brasiliensis are purple and red in color, characteristic of fruits rich in

anthocyanins. We previously reported the presence of cyanidin-3-glucoside and

delphinidin-3-glucoside in this plant (Reynertson, Yang, Jiang, Basile & Kennelly, 2008).

However the anthocyanin composition of E. brasiliensis has not been further reported in the

literature. To test the potential therapeutical effect of the major anthocyanins identified on

COPD they were evaluated for IL-8 inhibitory activity in human small airway epithelial

(SAE) cells before and after treatment with CSE.

2. Materials and methods

2.1. General experimental procedures

Sephadex LH-20 (25–100 μm) (Pharmacia Fine Chemicals, Piscataway, NJ, USA) was used

for column chromatography. TLC analyses were carried out on RP-18 F254 plates (200–270

μm layer thickness, EMD Chemicals Inc., Gibbstown, NJ, USA), with compounds

visualized by spraying with a vanillin solution (1.0 g of vanillin in 10 ml of concentrated

H2SO4 and 90 ml of EtOH). Solvents for chromatography, HPLC-grade MeOH, formic acid

and acetonitrile were obtained from J.T. Baker (Phillipsburg, NJ, USA). GR-grade MeOH,

ethyl acetate, and n-butanol were supplied by VWR Inc. (Bridgeport, PA, USA). Ultrapure

water was prepared using a Millipore Milli-RO 12 plus system (Millipore Corp., Bedford,

MA, USA).

Trolox was purchased from Sigma Chemical-Aldrich (St. Louis, MO, USA). 2,2′-

Azinobis(3-ethylbenzothiazoline-6-sulphonate) diammonium salt (ABTS) was obtained

from TCI-Ace (Tokyo, Japan). Delphinidin-3-glucoside, cyanidin-3-glucoside, cyanidin-3-

arabinoside, malvidin-3-glucoside, delphinidin, and cyanidin were supplied by Chromadex

(Irvine, CA, USA).

2.2. Plant material

Fruits of E. brasiliensis were collected at the Fruit and Spice Park (Homestead, FL, USA).

Fruits were frozen and shipped by overnight courier on dry ice to the laboratory, where they

were kept in cold (−20 °C) dark storage until processed. Voucher specimens were prepared,

identified, and deposited at the Steere Herbarium of The New York Botanical Garden

(Bronx, NY, USA).
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2.3. Extraction solvent preparation

The effect of solvent variation on total anthocyanin extraction was optimized through the

variation of three parameters: type of organic solvent; type of acid; and amount of acid used.

A mixture of organic solvent/water/acid (70:29:1, v/v/v) was considered for a screening,

using MeOH and EtOH as organic solvents and trifluoroacetic acid and formic acid as acids.

Acid concentrations tested include 0, 1, 5, and 10 volume parts.

2.4. Sample extraction

Eugenia brasiliensis anthocyanins were extracted three times with EtOH/water/formic acid

(70:25:5, v/v/v) mixture at room temperature with a blender for 5 min per extraction, and the

combined extract was dried in vacuo. The extract was suspended in water and sequentially

partitioned three times with ethyl acetate, and then n-butanol. The combined ethyl acetate

and n-butanol partitions were dried in vacuo, and analyzed by HPLC.

2.5. Fractionation

The n-butanol partition, enriched with anthocyanins, was fractionated over a Sephadex

LH-20 column using MeOH (0.1 % formic acid) as eluent and 39 fractions were collected.

These fractions were combined into seven on the basis of the RP-18 TLC (70:30 H2O, 5%

formic acid/acetonitrile) analysis. All fractions were analyzed by HPLC and tested in the

ABTS assay. Fraction 4, containing anthocyanins, was analyzed by LC-TOF, and nine

anthocyanins were identified.

2.6. HPLC-PDA

A Waters (Milford, MA, USA) liquid chromatography system equipped with a 2695

Separation Module and a 2996 photodiode-array detector (PAD) coupled to the Waters

Empower (version 5.0) for data acquisition and processing was used. Separation was carried

out on a 250 × 4.6 mm, 4 μm Synergi Hydro-RP 80A column (Torrance, CA, USA). The

elution solvents A (1% aqueous formic acid solution) and B (acetonitrile) were applied as

follows: flow rate, 1 mL/min; isocratic 95% B for 10 min, from 95–90% over 6 min, from

90–85 % over 10 min and from 85–75 % over 15 min. The composition was then changed to

initial condition in 5 min, and maintained for 10 min. Anthocyanins were detected by

monitoring the elution at 520 nm.

2.7. LC-MS analyses of anthocyanins

High-resolution electrospray ionization mass spectrometry (HR-ESI-MS) was performed

using a LCT premier XE TOF mass spectrometer (Waters, Manifold, MA, USA) equipped

with an ESI interface and controlled by MassLynx V4.1 software. Mass spectra were

acquired in both the positive and negative mode over the range m/z 100–1000. The capillary

voltages were set at 3000 V (positive mode) and 2800 V (negative mode), respectively, and

the cone voltage was 20 V. Nitrogen gas was used for both the nebulizer and in desolvation.

The desolvation and cone gas flow rates were 600 and 20L/h, respectively. The desolvation

temperature was 400°C, and the source temperature was 120 °C. The analytical column used

was a 250 × 4.6 mm, 4 μm Synergi Hydro-RP 80A column (Torrance, CA, USA). The same

elution solvent and method as the one described above for HPLC-PDA were applied.
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2.8. ABTS assay

The antioxidant activity of the ethyl acetate and n-butanol partitions and of the fractions

were measured by the ABTS•+ scavenging assay (Re et al., 1999). A Molecular Devices

Versamax microplate reader (Sunnyvale, CA, USA) was used. This assay is based on the

formation of the free radical cation ABTS•+ by reacting of ABTS aqueous solution (7mM)

with K2S2O8 (2.45 mM, final concentration) at ambient temperature in the dark for 12–16 h.

Before use, this solution was diluted with EtOH to an absorbance of 0.700 0.020 at 734 nm.

In a final volume of 200 L, the reaction mixture compromised 198 L of ABTS•+ solution and

2 L of the sample at different concentrations. Absorbances at 734 nm were measured at 5

min intervals during 40 min. Similarly, the reaction mixture of standard group was obtained

by mixing 198 L of ABTS•+ solution and 2 L of Trolox. ABTS scavenging ability was

expressed as the Trolox equivalent antioxidant capacity (TEAC, mmol Trolox/g of the

sample) at different time intervals. Quercetin was used as positive control.

2.9. IL-8 Immunoassay

Human SAE cells were cultured according to supplier instructions (Lonza, Walkersville,

MD, USA) and maintained in a controlled atmosphere of air-5% CO2 at 37°C. 80 %

confluent SAE cells at passages 2 to 5 were used for experiments. CSE was prepared using a

modified protocol (Laurent, Janoff & Kagan, 1983). Briefly, a Barnet vacuum pump

operating at constant flow was used to draw the smoke of one 3R4F research grade cigarette

(University of Kentucky, Lexington, KY, USA) through 25 mL of Dulbecco’s phosphate-

buffered saline. This solution (100% CSE) was adjusted to pH 7.4, filtered, diluted with

small airway growth medium to a final concentration of 5%, and added to the cells

immediately.

Cells were treated with 5% CSE or pure compounds or pretreated with pure compounds 1 h

prior to 5% CSE exposure. Cell viability was assessed following CSE exposure using the

alamarBlue kit (Invitrogen, Carlsbad, CA, USA) according to manufacturer’s specifications.

After 24 h, measurement of human IL-8 in cell culture supernatants were performed by

ELISA (R&D Systems Inc., Minneapolis, MN, USA).

2.10. Statistical analysis

Data are expressed as means values ± 95 % confidence interval. Analysis of variance was

performed by one-way analysis of variance (ANOVA) with significant differences between

means determined by the Student’s t-test. JMP Statistics software package version 8 was

used for statistical analyses (SAS Institute Inc., NC).

3. Results and discussion

We identified nine anthocyanins from E. brasiliensis, and two major anthocyanins

constituents found in this specie were tested for their IL-8 inhibition in SAE cells before and

after treatment with CSE.
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3.1. Extraction of anthocyanins

The extraction solvent for anthocyanins was optimized to enhance the possibility to detect

anthocyanins present in small amounts. The total anthocyanin content was approximated by

the total summation of peak areas observed at 520 nm during HPLC-UV analysis to

optimize detection of these compounds.

The extraction optimization was done using MeOH and EtOH as organic solvents and

trifluoroacetic acid and formic acid as acids in a mixture of organic solvent/water/acid

(70:29:1, v/v/v). The combination of EtOH and formic acid with water provided the

significant greatest total peak area at 520 nm (Fig. 1). The pH of the extraction solvent is a

factor in providing a suitable extraction condition for anthocyanins. Extraction of E.

brasiliensis fruit pulp with 5 and 10% formic acid concentrations, yielded the highest levels

of anthocyanins (Fig. 1). Since no significant difference was found in the total anthocyanin

area when 5 or 10 % of formic acid were added to the solvent or in the number of

anthocyanin peaks, 5 % was selected as the acid concentration. Therefore, the pulp of the E.

brasiliensis was extracted with EtOH/water/formic acid (70:25:5, v/v/v), and the resulting

extract was suspended in water and partitioned with ethyl acetate and n-butanol. The ethyl

acetate and n-butanol partitions were analysed by HPLC. The anthocyanin-rich n-butanol

partition was separated over Sephadex LH-20 to afford seven fractions. Each fractions was

analyzed by HPLC and evaluated for their antioxidant activity.

3.2. HPLC-PDA

The seven fractions obtained from E. brasiliensis were analyzed by HPLC-PDA and

monitored at 520 nm. Fraction 4 proved to be enriched in anthocyanins (Fig. 2) and was

therefore selected for compositional analysis.

3.3. ABTS•+ antioxidant activity

Since oxidative stress is associated with the processes in the pathogenesis of COPD it is

proposed that drugs with antioxidant effect will provide effective disease therapies

(D’Armiento, Reynertson, Kennelly, Wallace, 2008). In order to determinate the antioxidant

capacity of the crude extract, the n-butanol partition, and fractions 1–7 of E. brasiliensis the

ABTS•+ assay was used (Fig. 3). As the free radical scavenging activity was monitored over

time, the slow-acting antioxidants could be observed. Due to their contribution to the

scavenging activity, the order of activity among the samples changed during the assay

reaching their highest activity at 40 min. The n-butanol partition showed significantly higher

activity than the crude extract, which is in accordance with its higher concentration of active

components. All the fractions demonstrated a wide range of ABTS•+ scavenging activities.

They exerted an increase in their activity over time; however, the order of activity was kept

the same from 0 to 40 min. Except for fraction 1 all the fractions showed significantly higher

ABTS inhibitory activity than the crude extract. When the activity was compared with that

of the n-butanol partition fractions 1–3 exerted significantly lower activity whereas the

activity of fractions 4–7 was significantly higher. Fraction 4 and 6 showed the highest

antioxidant activity. With fraction 4 being enriched in anthocyanins it shows the high

contribution of these compounds to the antioxidant capacity of the Eugenia brasiliensis

fruits.
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3.4. Identification of anthocyanins

Fraction 4 was analyzed by LC-TOF. Anthocyanins were identified by their elution order,

UV/vis, co-injection with standard compounds, and MS characteristics as compared with

reported data in the literature. The identified anthocyanins are represented in Table 1.

Compounds 1 and 2 are major constituents that correspond to 12.2 and 76.5 % respectively

of the total anthocyanin content, based on peak area at 520nm, followed by compound 9, 6.1

%, and compound 8, 3.4 %, whereas most of the remaining anthocyanins had a percentage

area of less than 1.5 %. Within a reversed-phase HPLC, anthocyanins follow a general

retention order based on the degree of polarity of the molecular structure, primarily affected

by the anthocyanidin and secondly by the number and type of attached glycosides. The

anthocyanins elute before their corresponding aglycones. Anthocyanins that differ by only

the anthocyanidin would follow this elution series (from shortest to longest retention time):

delphinidin, cyanidin, peonidin, and malvidin. For different glycosides groups with the same

anthocyanidin content (cyanidin and delphinidin in our study), the elution order was

galactoside, glucoside, arabinoside, and xyloside.

The MS/MS profile of compounds 1, 3, 4, 7, 8, and 9 correspond to delphinidin-3-glucoside,

cyanidin-3-glucoside, cyanidin-3-arabinoside, malvidin-3-glucoside, delphinidin, and

cyanidin, respectively. Their identification was confirmed by the coinjection of the standard.

Both delphinidin-3-glucoside and cyanidin-3-glucoside have been previously found in our

lab as constituents of this plant (Reynertson, Yang, Jiang, Basile & Kennelly, 2008).

Compound 2 has the same mass spectrometry profile as compound 3 but a different

retention time. Using the above rules for anthocyanin identification, compound 2 was

determined to be cyanidin-3-galactoside. Compound 5, associated with delphinidin-3-

pentoside, showed a molecular ion M+ at m/z 435, with a fragmentation ion at m/z 303

resulting from the loss of a pentose moiety [M+-132]. The mass spectrometry fragmentation

pattern of compound 6 (M+ m/z 419; MS/MS 287) suggests that it contains a cyanidin linked

to a pentoside. Following the rules above, compound 6 was identified as cyanidin-3-

xyloside. Fig. 4 shows the structures of compounds 1–9.

3.5. IL-8 inhibition

In order to assess the potential effect of anthocyanins in COPD, delphinidin (8) and cyanidin

(9) were tested for their ability to inhibit IL-8 activity in SAE cells untreated and treated

with CSE.

The ability of delphinidin-3-glucoside (1) and cyanidin-3-glucoside (3) to decrease the

production of IL-8 in SAE cells treated with CSE was reported before from our laboratory

(D’Armiento, Reynertson, Kennelly & Wallace, 2008). Both anthocyanins were more

effective at blocking IL-8 production in untreated SAE cells than catechin. Delphinidin-3-

glucoside (1) showed higher efficiency than catechin at blocking cigarette-induced

inflammation.

First, the effect of the anthocyanins on SAE cell viability was examined at various

concentrations. The treatment of anthocyanins (0.1–10 M, for 24 h) did not show any

significant cytotoxic effect in the present experiments (data not shown).
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In non-treated SAE cells, IL-8 levels were unchanged following the addition of delphinidin

(8) and cyanidin (9) in concentrations 0.1–10 M (Fig. 5).

When the control cells were exposed to CSE, the amount of IL-8 increased by threefold. The

addition of delphinidin (8) and cyanidin (9) reduced the production of IL-8 (Fig. 5). In the

case of cyanidin (9) the significant inhibitory effect was observed at 10 M whereas

delphinidin (8) was able to significantly decrease the production of IL-8 at 1M. The

inhibitory effect of delphinidin (8) demonstrated a dose-response effect (Fig. 5). Delphinidin

(8) displayed significantly higher activity than cyanidin (9) in the inhibition of IL-8

production. Delphinidin (8) has shown higher activity than cyanidin (9) when it was

evaluated in different assays. Azevedo et al. (2010) have reported higher antioxidant activity

of delphinidin (8) than cyanidin (9) when it was tested in the DPPH and in the FRAP assays.

The COX-2 inhibitory activity of delphinidin (8) has been described to be higher than the

inhibitory activity of cyanidin (9) (Hou, Yanagita, Uto, Masuzaki & Fujii, 2005).

Delphinidin (8) structure has a vicinal trihydroxyl group (pyrogallol) in the B-ring whereas

cyanidin (9) structure has an ortho-dihydroxyl group (catechol) in the B-ring. These

structural features are likely to induce a significant different bioactivity.

Before these compounds can be translated into effective therapies for patients, issues of

bioavailability need to be carefully addressed. Recent studies on anthocyanins in humans

have reported that although certain anthocyanins are absorbed rapidly from the stomach and

the intestine (Talavera et al., 2005), most of them are poorly bioavailable, reaching the

plasma in small concentrations after oral administration in human (Prior & Wu, 2006). For

the treatment of COPD it has been proposed that the development of improved inhaled

delivery techniques would allow clinically relevant concentrations of antioxidants to be

deposited in the lung while avoiding the first pass metabolism that occurs during systemic

absorption (Zhu, Chen & Li, 2000).

4. Conclusions

In this article we have identified nine anthocyanins from E. brasiliensis, seven of them are

reported for the first time in this plant. Recently, increased attention has been given to the

possible health benefits of these compounds in preventing chronic and degenerative diseases

incluiding heart disease and cancer (Lim et al., 2011; Ziberna et al., 2010). The great

abundance of this fruit in the southeast Brazil could make its fruits a promising anthocyanin-

rich crop. On the other hand the major anthocyanins of E. brasiliensis, delphinidin-3-

glucoside (1), cyanidin-3-glucoside (3), delphinidin (8), and cyanidin (9), demonstrated

inhibitory effect of the inflammation secondary to smoke exposure. These compounds could

provide a novel therapeutic role for these compounds in COPD. As part of our ongoing

study of antioxidant compounds with therapeutic effects for COPD from tropical fruits we

are further investigating these lead compounds and we are planning our experiments to use

them in animal studies.
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Highlights

• Nine anthocyanins (1–9) were characterized from Eugenia brasiliensis edible

fruit.

• Seven of them are reported for the first time in this plant.

• Delphinidin (8) and cyanidin (9), major constituents, were evaluated for their

IL-8 inhibition in cells treated with CSE.

• Both anthocyanins were able to decrease IL-8 expression.
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Fig. 1.
Total anthocyanin content at 520 nm of E. brasiliensis vs. solvent system used for

extraction. Based on these results a mixture of EtOH/water/formic acid (70:25:5, v/v/v) was

selected for the extraction of E. brasiliensis. Data are presented as mean values ± 95%

confidence limits (n = 3). Bars with the same lower case letters (a–d) are not significantly (P

> 0.05) different.
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Fig. 2.
HPLC chromatogram of fraction 4 at 520 nm.
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Fig. 3.
ABTS·+ scavenging activity of E. brasiliensis crude extract, n-butanol partition, and

fractions 1–7. Values are expressed as means 95% confidence intervals (n=8) of Trolox

equivalent antioxidant capacity (TEAC) (milimoles of Trolox per gram of dry extract).
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Fig. 4.
Chemical structures of anthocyanins identified in E. brasiliensis. delphinidin-3-glucoside

(1), cyanidin-3-galactoside (2), cyanidin-3-glucoside (3), cyanidin-3-arabinoside (4),

delphinidin-3-pentoside (5), cyanidin-3-xyloside (6), malvidin-3-glucoside (7), delphinidin

(8), and cyanidin (9).
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Fig. 5.
Dose-response of cyanidin and delphinidin at 0.1, 1, and 10 μM on the expression of IL-8 in

SAE cells untreated (open bars) and treated (bold bars) with CSE. Data are presented as

mean values ± 95% confidence limits (n = 3). Open bars with the same lower case letters (a)

and bold bars with the same upper case letters (A–C) are not significantly (P > 0.05)

different.
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