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Abstract

Aims—Elderberry (Sambucus spp.) is one of the oldest medicinal plants noted for its 

cardiovascular, anti-inflammatory, and immune-stimulatory properties. In this study, we 

investigated the anti-inflammatory and anti-oxidant effects of the American elderberry (Sambucus 

nigra subsp. canadensis) pomace as well as some of the anthocyanins (cyanidin chloride and 

cyanidin 3-O-glucoside) and flavonols (quercetin and rutin) in bv-2 mouse microglial cells.

Main methods—The bv-2 cells were pretreated with elderberry pomace (extracted with ethanol 

or ethyl acetate) or its anthocyanins and flavonols and stimulated by either lipopolysaccharide 

(LPS) or interferon-γ (IFNγ). Reactive oxygen species (ROS) and nitric oxide (NO) production 
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(indicating oxidative stress and inflammatory response) were measured using the ROS detection 

reagent DCF-DA and the Griess reaction, respectively.

Key findings—Analysis of total monomeric anthocyanin (as cyanidin 3-O-glucoside 

equivalents) indicated five-fold higher amount in the freeze-dried ethanol extract as compared to 

that of the oven-dried extract; anthocyanin was not detected in the ethyl acetate extracts. 

Elderberry ethanol extracts (freeze-dried or oven-dried) showed higher anti-oxidant activities and 

better ability to inhibit LPS or IFNγ-induced NO production as compared with the ethyl acetate 

extracts. The phenolic compounds strongly inhibited LPS or IFNγ-induced ROS production, but 

except for quercetin, they were relatively poor in inhibiting NO production.

Significance—These results demonstrated difference in anti-oxidative and anti-inflammatory 

effects of elderberry extracts depending on solvents used. Results further identified quercetin as 

the most active component in suppressing oxidative stress and inflammatory responses on 

microglial cells.

Keywords

elderberry; lipopolysaccharide; quercetin; microglia; nitric oxide; reactive oxygen species

Introduction

There is increasing interest to investigate the health effects of dietary fruits and berries 

(Seeram et al., 2012), botanicals that have been implicated for improved cardiovascular, 

anti-inflammatory and immune enhancing functions (Beattie et al., 2005; Nile and Park, 

2014). Elderberries (Sambucus spp.) are widely grown in Europe, Asia, North-Africa and 

North-America; the plant has been called “the medicine chest of country people”. Although 

all parts of the plant have been used in folk medicine for centuries, the berries and the 

flowers are most commonly described in scientific literature (Sambucus nigra, 2005). The 

berries contain a wide variety of anthocyanins, flavonoids and other polyphenols (Wu et al., 

2004; Lee and Finn, 2007). The major flavonoids identified are quercetin and rutin and the 

primary anthocyanins are cyanidin-3-O-sambubioside and cyanidin 3-O-glucoside (Chandra 

et al., 2001; Wu et al., 2002; Sambucus nigra, 2005). In addition, the presence of iridoid 

glycosides, sesquiterpenes and phytosterols has also been reported (Thole et al., 2006).

Among several berry species, elderberry contains the highest amount of total flavonols 

(Mikulic-Petkovsek et al., 2012). In addition, hydrophilic antioxidant capacity for elderberry 

is among the highest that was measured in fresh fruits (Wu et al., 2004). Different extracts 

have been shown to possess anti-inflammatory, antiviral, anti-diabetic, anti-carcinogenic and 

immune-stimulatory activities (Sambucus nigra, 2005; Vlachojannis et al., 2010). 

Cyanidin-3-O-glucoside has 3.5 times higher antioxidant activities as compared with 

vitamin E (Wang et al., 1997). This compound has been shown to protect against oxidative 

damage (Youdim et al., 2000), and suppress the production of nitric oxide (NO) induced by 

lipopolysaccharide (LPS) in macrophage cells (Hu et al., 2003; Wang et al., 2008). The 

anthocyanins, such as cyanidin and protocatechuic acid are also effective in decreasing NO 

production (Min et al., 2010). In LPS stimulated RAW 264.7 macrophages, quercetin and its 

glycoside, rutin, inhibited inducible nitric oxide synthase (iNOS) expression (Chen et al., 
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2001; Kazlowska et al., 2010). Although macrophages share many properties similar to 

microglial cells, studies to examine elderberry extracts on oxidative and inflammatory 

responses of microglial cells have not been extensive.

Inflammatory processes play a major role in the progression of a number of 

neurodegenerative diseases and activation of microglial cells, the resident macrophages in 

the central nervous system, is an important initial step of the inflammatory response (Skaper 

et al., 2012). Upon exposure to proinflammtory cytokines and/or lipopolysaccharides (LPS), 

specific signal transduction pathways are activated which regulate the induction of iNOS 

and other oxidative and inflammatory mediators (see Glass et al., 2010, Spencer et al., 2012, 

for reviews). Therefore, suppression of microglial activation might lead to an earlier 

restoration of homeostasis and resolution of neuroinflammation. While LPS is known to 

directly activate TLR4 receptors and the NF-kB pathway, IFNγ, a cytokine derived from 

peripheral immune cells, is coupled to the JAK-STAT pathway. Some pro-inflammatory 

genes, such as that for iNOS, comprise of promoters that require activation of transcription 

factors involving NF-kB and the JAK-STAT pathways (Pawate et al., 2004). However, our 

earlier studies showed that LPS or IFNγ can each stimulate iNOS in bv-2 microglial cells, 

and this was attributed to presence of cross-talk mechanisms through activation of ERK1/2 

(Shen et al., 2005; Sheng, et al., 2011; Chuang et al., 2013). Despite that LPS and IFNg can 

individually induce ROS and NO in microglial cells, it is not clear whether botanicals may 

exert differences in these pathways. In a recent study, there is evidence that the anti-

inflammatory effects of certain botanical-derived compounds are stronger for IFNγ-

stimulated inflammation than for LPS (Foresti et al., 2013).

In this study, freeze-dried or oven-dried elderberry pomace was extracted by ethanol or ethyl 

acetate and effects of the extracts on oxidative and inflammatory responses upon stimulation 

of murine bv-2 microglial cells with LPS or IFNγ were determined. In addition, studies were 

extended to examine effects of phenolic components, such as cyanidin chloride, cyanidin 3-

O-glucoside, quercetin or rutin (Fig. 1).

Materials and methods

Materials

Quercetin, rutin (Sigma-Aldrich, St. Louis, MO), cyanidin 3-O-glucoside and cyanidin 

chloride (Indofine Chemical Comp., Hillsborough, NJ) were dissolved in DMSO as a stock 

solution. Dulbecco's modified Eagle's medium (DMEM), penicillin, streptomycin, 0.05% 

(w/v) trypsin/EDTA, and phosphate-buffered saline (PBS) were obtained from GIBCO 

(Gaithersburg, MD). Lipopolysaccharide (LPS) (rough strains) from Escherichia coli F583 

(Rd mutant) was obtained from Sigma-Aldrich (St. Louis, MO). Murine interferon-γ (IFNγ) 

was purchased from R & D Systems (Minneapolis, MN). Fetal bovine serum was from 

Atlanta Biologicals (Lawrenceville, GA).

Elderberry materials and preparation of extracts

Elderberry (Sambucus nigra subsp. canadensis) extracts were derived from ripe berries 

harvested from 4-year-old plants grown in a commercial orchard near Hartsburg, Missouri. 
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Berries were de-stemmed by a shaker, rinsed twice with lightly bleached water, and frozen 

in plastic food-grade buckets (9 kg) in a -20 °C freezer after the bleached water was 

completely drained. Thawed berries were heated to 82 °C for 5 minutes in a 230-liter steam-

jacketed kettle and pressed immediately using a cider mill to separate the juice (60% w/w) 

and pomace (40% w/w). Elderberry pomace (e.g., seeds and skins) was then refrozen and 

stored at -20 °C. Samples of elderberry pomace were either freeze-dried or oven-dried (105 

°C for 18-24 hours) and subsequently extracted with 10 volumes of 95% ethanol or ethyl 

acetate (room temperature, overnight). Upon evaporation of the solvent under nitrogen, the 

dried residue was weighed, and stored at -20° C. The extracts were re-dissolved in cell 

culture grade DMSO before adding to the cells.

Determination of total monomeric anthocyanin content

Total monomeric anthocyanin content was measured using a pH differential method (Giusti 

and Wrolstad, 2001). Absorbance values were measured in triplicate at wavelengths of 520 

nm and 700 nm using a PerkinElmer Enspire 2300 multimode plate reader. Cyanidin 3-O-

glucoside standards were prepared and treated in the same manner as the samples. Total 

monomeric anthocyanin values are reported as cyanidin 3-O-glucoside equivalents (μg/mL).

Cell culture and treatments

The immortalized mouse microglial cells (bv-2) were prepared as previously described 

(Shen et al., 2005). Cells were cultured in 75 cm2 flasks with DMEM supplemented with 5% 

FBS containing 100 units/mL penicillin and 100 μg/mL streptomycin, and maintained in 5% 

CO2 incubator at 37 °C. Cells, 3.8 × 104 cells/well, were subcultured in 96-well plates for 

experiments. Cells were serum starved for 4 h prior to adding LPS (100 ng/mL) or IFNγ (10 

ng/mL). Botanical compounds and extracts were added 1 h before cytokines. Cell 

morphology was observed by using a phase contrast Nikon DIAPHOT 300 microscope 

attached with a CCD cool camera linked to MagnaFire 2.1C software for image processing. 

Representative bright field pictures were obtained using a 20 × objective.

Assessment of cell viability

The MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, Sigma-Aldrich, 

St. Louis, MO) assay was used to quantify cell viability and cytotoxicity. Cells were treated 

with the specified concentrations of botanical compounds and extracts for 17 hours with or 

without LPS/IFNγ (added one hour after botanicals). Medium was removed and 0.1 mL of 

MTT reagent (0.5 mg/mL) in serum free DMEM was added into each well (96-well plates). 

Cells were incubated for 4 h at 37 °C, and after dissolving the formazan dye with DMSO, 

absorption was read at 540 nm using a Synergy-4 plate reader (BioTek Instruments, Inc., 

Fisher Scientific, St. Louis, MO). These assays demonstrated no significant changes in cell 

viabilities in any experiments (data not shown).

Measurement of reactive oxygen species production

Reactive oxygen species (ROS) production was measured using the ROS detection reagent 

CM-H2DCFDA (DCF, Invitrogen, Inc., OR) as described previously (Chuang et al., 2013). 

Briefly, bv-2 cells were seeded in a 96-well plate for 24 h. Cells were then starved for 4 h in 
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the serum free DMEM prior to 1 h pretreatment with botanicals followed by addition of 

LPS/INFγ for 11 h. DCF (10 μM final concentration) was added to each well for 1 h. The 

fluorescence intensity of DCF was measured using the Synergy-4 plate reader with an 

excitation wavelength of 490 nm and an emission wavelength of 520 nm.

Nitric oxide determination in culture medium

NO released from cells was converted to nitrite in the culture medium, which was 

determined using the Griess reagent (Sheng et al., 2011). Cells were cultured in DMEM 

without phenol red. Sixteen hours after LPS/IFNγ treatments, aliquots (50 μL) of culture 

medium were transferred to 96-well plates and incubated with 50 μL of reagent A [1% (w/v) 

sulfanilamide (Sigma-Aldrich, St. Louis, MO) in 5% phosphoric acid] for 10 minutes at 

room temperature in the dark. Incubation with 50 μL of reagent B (0.1%, w/v, N-1-

napthylethylenediamine dihydrochloride, Sigma-Aldrich, St. Louis, MO) for 10 minutes at 

room temperature in the dark was followed by measurement of the absorbance at 543 nm 

using the Synergy-4 plate reader. Sodium nitrite (0-100 μM), diluted in culture media, was 

used to prepare the nitrite standard curve.

Statistical analysis

Data are shown as mean ± SEM from at least three independent experiments. Results were 

analyzed by either one-way or two-way ANOVA followed by Bonferroni post-tests (V4.00; 

GraphPad Prism Software Inc., San Diego, CA). Differences were considered significant at 

p<0.05 for all analyses.

Results

Total monomeric anthocyanin content of the elderberry extracts

In this experiment, elderberry pomace was extracted with ethanol or ethyl acetate and an 

equal amount subjected to freeze-dried or oven-dried protocols. The ethanol extract from the 

freeze-dried pomace contained the highest amounts of total monomeric anthocyanin (103.9 

± 11 μg/mL, cyanidin-3-glucoside equivalents), and was about five times higher compared 

to the oven-dried extraction (20.9 ± 14 μg/mL, cyanidin-3-glucoside equivalents). The ethyl 

acetate extracts (both freeze-dried and oven-dried) yielded samples with undetectable 

amounts of total monomeric anthocyanin.

Effects of elderberry extracts on ROS production

In bv-2 microglial cells, none of the elderberry extracts had an influence on basal ROS 

production. When cells were treated with freeze-dried and oven-dried elderberry ethanol 

extracts prior to LPS or IFNγ exposure, there was a dose-dependent attenuation in ROS 

production but significant decrease was not attained until 400 μg/mL (Fig. 2). Under similar 

treatment conditions, none of the ethyl acetate extracts showed any effects (data not shown).

Effects of elderberry extracts on NO production

In bv-2 microglial cells, none of the elderberry extracts alone increased NO production; thus 

data were expressed as % of the values obtained for LPS or IFNγ. In this study, both freeze-
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dried and oven-dried ethyl acetate extracts significantly attenuated LPS-induced NO 

production at 400 μg/mL (p< 0.001, Fig. 3A; p<0.05, Fig. 3B). Both freeze-dried and oven-

dried ethanol extracts also significantly inhibited LPS-induced NO production (p<0.01, Fig. 

3C and 3D). Interestingly, besides inhibition at 200-400 μg/mL, ethanol extracts appear to 

show a biphasic effect. In particular, the oven-dried extract significantly increased LPS-

induced NO production at 25 and 50 μg/mL (p<0.01 and p<0.001, Fig. 3D). Studies with 

IFNγ-induced NO production indicated similar results (data not shown).

Effects of anthocyanins on ROS production

In a preliminary study, cyanidin and cyanidin 3-glucoside were shown to offer anti-oxidative 

effects on ROS production stimulated with LPS or IFNγ in bv-2 cells in a dose dependent 

manner ranging to 25 μM. Cyanidin 3-glucoside slightly reduced basal ROS production (25 

μM, p<0.05, Fig. 4C and D) but cyanidin chloride had no effect (p>0.05, Fig. 4A and B). 

Both compounds attenuated LPS or IFNγ-induced ROS production in a concentration-

dependent manner (Fig. 4). Interestingly, both cyanidin chloride and cyanidin 3-O-glucoside 

were more effective in inhibition of ROS due to stimulation with IFNγ as compared to that 

with LPS. Furthermore, in cells stimulated with either LPS or IFNγ, cyanidin 3-O-glucoside 

appeared to be more effective in inhibiting ROS production as compared with cyanidin 

chloride (Fig 4). Under these conditions, cyanidin 3-O-glucoside was more potent in 

inhibiting ROS production due to stimulation of IFNγ, showing a significant decrease of 

more than 80% at 6.25 μM (Fig. 4D).

Effects of anthocyanins on NO production

In bv-2 microglial cells, neither cyanidin chloride nor cyanidin 3-O-glucoside alone 

increased NO production, and so data were expressed as % of the values obtained for LPS or 

IFNγ. Pretreatment of the cells with cyanidin chloride attenuated both LPS- (100 μM, 

p<0.001, Fig. 5A) and IFNγ-induced NO production (25-100 μM, p<0.001, Fig. 5B). 

However, there were minimal effects for cyanidin 3-O-glucoside to reduce NO production 

with only a small but significant decrease observed at 100 μM (p<0.01, Fig. 5D).

Effects of flavonols on ROS production

Quercetin (12.5 μM, p<0.05, Fig. 6A and B) but not rutin (Fig. 6C and D) was able to 

suppress basal ROS production. However, similar to the anthocyanins, both quercetin and 

rutin attenuated LPS- or IFNγ-induced ROS production in a concentration-dependent 

manner (Fig. 6).

Effects of flavonols on NO production

In bv-2 microglial cells, neither quercetin nor rutin alone increased NO production, so data 

were expressed as % of the values obtained for LPS or IFNγ. Pretreatment of the cells with 

quercetin prior to exposure to LPS or IFNγ resulted in a concentration-dependent reduction 

in NO release (Fig. 7A and B). Quercetin was more effective against LPS, and 12.5 μM 

quercetin attenuated LPS-induced NO production by 90% (p<0.001, Fig. 7A). Pretreatment 

of the cells with rutin (0-100 μM) did not change NO production induced by either LPS (Fig. 

7C) or IFNγ (Fig. 7D).
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Discussion

Regulated production of ROS and NO is an important part of redox signaling and they serve 

as mediators of physiological responses. Under normal physiological conditions, ROS and 

NO are generated in a stimulus-dependent way in different compartments of the cell, and 

they participate in signaling cascades and modulate important cell functions. However, 

under inflammatory conditions, microglial cells generate a significant amount of ROS and 

NO by the induction and activation of NADPH oxidase and iNOS. In line with our previous 

studies, LPS or IFNγ could independently ROS and NO production in microglial cells (Shen 

et al., 2005). Our studies further provided evidence for a cross-talk mechanism between LPS 

stimulated NF-κB and IFNγ-stimulated JAK/STAT pathways through activation of the 

ERK1/2 (Chuang et al., 2013). U0126, a specific inhibitor for MEK1/2, the kinases leading 

to phosphorylation of ERK1/2, readily abrogated IFNγ induced NO in these cells. Besides 

induction of ROS and NO, microglia activation is also accompanied by secretion of pro-

inflammatory cytokines and chemokines, including TNFα, IL-1β and IL-6 (Kang et al., 

2013; Lim, et al., 2012). Many botanical compounds offer neuroprotective effects by 

suppressing microglial activation. In this study, we observed differences in effects of 

botanicals on LPS-induced ROS and NO. Although elderberry extracts inhibited LPS- or 

IFNγ-induced ROS and NO, there is no biphasic effect with the dose response for ROS. 

Furthermore, while most polyphenols tested were effective in suppressing LPS-induced 

ROS production, polyphenols such as rutin and cyanidin 3-glucoside were not effective in 

suppressing LPS-induced NO.

Results here demonstrated the anti-oxidative effects of elderberry ethanol extracts (both 

freeze-dried and oven-dried) but not ethyl acetate extracts. On the other hand, both ethanol 

and ethyl acetate extracts could inhibit inflammatory (NO) responses on microglial cells, 

albeit at high concentrations. These results are in line with previous studies using other 

berries such as blueberry, blackberry, raspberry, cranberry, strawberry and acai (Spencer et 

al., 2012; Nile and Park, 2014). However, this is the first study to show that some elderberry 

extracts showed a biphasic effect, with increases in NO production at lower concentrations 

and inhibition at higher concentrations. Similar biphasic effect has been reported on 

cytokine-production in dendritic cells (Frøkiær et al., 2012), and pro- and anti-inflammatory 

activities of elderberry extracts have also been observed (Vlachojannis et al., 2010). This 

type of immunomodulation in our study as well as in other studies may be caused by a 

specific constituent in the extracts or by synergistic effects of several ingredients. 

Obviously, more studies are needed to identify these bioactive compounds.

Anthocyanins are abundant in berries and are reported to have beneficial effects to human 

health, especially for the cardiovascular functions, anti-carcinogenic, anti-viral and anti-

inflammatory effects (Prior and Wu, 2006; Zafra-Stone et al., 2007). Berry anthocyanins 

have been shown to prevent age-associated increase in oxidative stress and improve 

neuronal and cognitive functions in animal models (Joseph et al., 2009; Poulose et al., 

2012). Cyanidin 3-O-glucoside was shown to protect against cerebral ischemic damage, 

ethanol-induced neurodegeneration, and attenuates amyloid-beta-induced memory 

impairments (Ke et al., 2011; Min et al., 2011; Qin et al., 2013). Similarly, both quercetin 

and rutin showed neuroprotective effects in vivo (Pu et al., 2007; Koda et al., 2009; Yao et 
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al., 2012; Karuppagounder et al., 2013). The in vivo effects suggest that berry flavonoids or 

their metabolites are bioavailable to the brain. Elderberry contains especially high amounts 

of anthocyanins and flavonols (Wu et al., 2004; Lee and Finn, 2007; Mikulic-Petkovsek et 

al., 2012), and there is evidence for anthocyanins to cross the blood-brain barrier. Study by 

Andres-Lacueva et al. (2005) detected anthocyanins in rat brains given a diet supplemented 

with a blueberry extract for 10 weeks. Similarly, anthocyanins and their metabolites have 

been found in the brains of blueberry-fed pigs (Kalt et al., 2008; Milbury and Kalt, 2010). A 

study with endothelial cells also demonstrated incorporation of anthocyanins into the cell 

plasma membrane and cytosol (Youdim et al., 2000). Considering the bioavailability of 

flavonols, several studies have provided evidence for the accumulation of quercetin and its 

metabolites in the brain. Quercetin-3-O-glucuronide, one of the major metabolites, has also 

been identified in rat and human brain tissues (Ishisaka et al., 2011, 2014; Ho et al., 2013).

Different types of elderberry fruit extracts contain different profiles of polyphenols. In the 

current study, quantification of total monomeric anthocyanins showed high concentration in 

the ethanol extracts but not in the ethyl acetate extracts. This difference in extraction 

procedure reflected the ability of the extracts to inhibit ROS production (see Fig. 2). Similar 

findings have been reported in the literature (Dawidowicz et al., 2006; Vlachojannis et al., 

2010). The elderberry extracts generated by different extraction methods also exhibited 

significantly different effects on their ability to inhibit LPS-induced NO production (see Fig. 

3).

Cyanidin 3-glucoside is one of the major anthocyanins in elderberry, and showed higher 

antioxidant capacity than its aglycone form (Wang et al., 1997). In agreement with the 

literature, cyanidin 3-glucoside was more effective at inhibiting LPS or IFNγ-induced ROS 

production than cyanidin (Fig. 4). In contrast, cyanidin 3-glucoside showed weak inhibitory 

effects on the level of NO (Fig. 5). Similar findings have been demonstrated on primary 

mixed glial cells (Vafeiadou et al., 2009) and RAW264.7 macrophages (Jin et al., 2006), 

although others have reported stronger anti-inflammatory effects in vitro (Hu et al., 2003; 

Min et al., 2010). Nevertheless, several studies provided evidence for the neuroprotective 

and anti-inflammatory effectiveness of cyanidin 3-O-glucoside in vivo (Ke et al., 2011; Min 

et al., 2011; Qin et al., 2013). The possibility that cyanidin 3-O-glucoside exerts activity in 

vivo by converting to its aglycone form remains to be investigated.

Among the elderberry phenolic compounds used in our assays, quercetin showed the 

strongest effects against oxidative and inflammatory stress in microglia (see Fig. 6 and 7). 

Pretreatment with quercetin inhibited the formation of NO in a concentration-dependent 

manner, with IC50 values of 3.4 and 13.6 μM for LPS and IFNγ induction, respectively. 

Similar values have been obtained by other studies (Chen et al., 2005; Kao et al., 2010). 

Quercetin may directly affect signal transduction pathways and exert its anti-oxidative/anti-

inflammatory effects by multiple mechanisms. These mechanisms may be cell type specific. 

In our present study, we observed a difference in anti-inflammatory effect between quercetin 

and its glucoside rutin (Fig. 7). It is known that quercetin metabolites can be less, or equally 

active than the aglycone and sometimes even an inverse activity can be found (see 

Beekmann et al., 2012 for further discussion). Considering the extensive metabolism of 

quercetin in the body (Del Rio et al., 2013), and the presence of its glucuronide metabolites 
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at the extracellular level, future studies should include examining bioavailability of these 

compounds in animal models.

Conclusions

This study demonstrated that elderberry extracts and some of its phenolic constituents can 

exert anti-oxidative and anti-inflammatory effects on LPS or IFNγ-stimulated murine 

microglial bv-2 cells. The study further identified differences in response between ROS and 

NO and among the polyphenols, quercetin is a particularly active component to mitigate the 

oxidative and inflammatory responses in microglial cells.
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Fig. 1. Chemical structures of flavonols (quercetin, rutin) and anthocyanins (cyanidin, cyanidin 
3-O-β-glucoside) present in elderberry
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Fig. 2. Effects of elderberry extracts on ROS production induced by LPS or IFNγ in microglial 
cells
Elderberry extracts (0 to 400 μg/mL), (A and C, freeze-dried, B and D, oven-dried), were 

applied to cells 1 h prior to exposure to LPS (A, B) (100 ng/mL) or IFNγ (C, D) (10 ng/mL) 

for 11 h. ROS production was measured using CM-H2DCFDA as described in the text. 

Results are expressed as the mean ± SEM (n = 4) and analyzed by two-way ANOVA with 

Bonferroni post-tests. **p < 0.01 and ***p<0.001 as compared to the respective LPS or 

IFNγ-stimulated group.
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Fig. 3. Effects of elderberry extracts on NO production induced by LPS in microglia
Cells were treated with elderberry extracts (0 to 400 μg/mL) for 1 h followed by stimulation 

with LPS (100 ng/mL) for 16 h. Culture media were collected for determination of NO using 

the Griess reaction protocol as described in the text. Results are expressed as the mean ± 

SEM (n = 3-5) and significant difference from the LPS-stimulated group was determined by 

one-way ANOVA followed by Bonferroni post-tests, *p < 0.05, **p< 0.01, ***p<0.001. (A) 

Freeze-dried, ethyl acetate extract; (B) Oven-dried, ethyl acetate extract; (C) Freeze-dried, 

ethanol extract; (D) Oven-dried, ethanol extract.
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Fig. 4. Effects of anthocyanins on ROS production induced by LPS or IFNγ in microglia
Cyanidin chloride (A, B) or cyanidin 3-O-glucoside (C, D) (0-25 μM) were applied to cells 1 

h prior to either LPS (A, C) (100 ng/mL) or IFNγ (B, D) (10 ng/mL) for 11 h. ROS 

production was measured using CM-H2DCFDA as described in the text. Results are 

expressed as the mean ± SEM (n = 3) and analyzed by two-way ANOVA with Bonferroni 

post-tests. ˆp<0.05 as compared to the unstimulated control; **p < 0.01, ***p<0.001 as 

compared to the respective LPS/IFNγ-stimulated group.
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Fig. 5. Effects of anthocyanins on NO production induced by LPS or IFNγ in microglia
Cells were treated with cyanidin chloride (A, B) or cyanidin 3-O-glucoside (C, D) (0 to 100 

μM) for 1 h followed by stimulation with either LPS (A, C) (100 ng/mL) or IFNγ (B, D) (10 

ng/mL) for 16 h. Culture media were collected for determination of NO using the Griess 

reaction protocol as described in the text. Results are expressed as the mean ± SEM (n = 

4-6) and significant difference from the LPS/IFNγ-stimulated group was determined by one-

way ANOVA followed by Bonferroni post-tests, **p<0.01, ***p < 0.001.
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Fig. 6. Effects of flavonols on ROS production induced by LPS or IFNγ in microglia
Quercetin (A, B) or rutin (C, D) (0-25 μM) were applied to cells 1 h prior to either LPS (A, 

C) (100 ng/mL) or IFNγ (B, D) (10 ng/mL) for 11 h. ROS production was measured using 

CM-H2DCFDA as described in the text. Results are expressed as the mean ± SEM (n = 3) 

and analyzed by two-way ANOVA with Bonferroni post-tests. ˆp<0.05, ˆˆp<0.01 as 

compared to the unstimulated control; *p<0.05, **p < 0.01, ***p<0.001 as compared to the 

respective LPS/IFNγ-stimulated group.
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Fig. 7. Effects of flavonols on NO production induced by LPS or IFNγ in microglia
Cells were treated with quercetin (A, B) (0 to 25 μM) or rutin (C, D) (0-100 μM) for 1 h 

followed by stimulation with either LPS (A, C) (100 ng/mL) or IFNγ (B, D) (10 ng/mL) for 

16 h. Culture media were collected for determination of NO using the Griess reaction 

protocol as described in the text. Results are expressed as the mean ± SEM (n = 3-9) and 

significant difference from the LPS/IFNγ-stimulated group was determined by one-way 

ANOVA followed by Bonferroni post-tests, ***p < 0.001.
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