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A B S T R A C T

Panax ginseng extract (PGe) has been shown to possess immunomodulatory effects in healthy dairy cows at
drying off and to trigger an adequate immune response to protect from an experimental intramammary infection
(IMI) with Staphylococcus aureus in a murine model. S. aureus is one of the major pathogens isolated from bovine
IMI; being capable to invade and survive within mammary epithelial cells. However, the precise mechanism by
which PGe interacts with bovine mammary epithelial cells (MAC-T) and bovine macrophages in the course of a
S. aureus infection remains unclear. We evaluated the effect of PGe on MAC-T cytokine response and on the
internalization of S. aureus into MAC-T. In addition, we evaluated the effect of PGe on the phagocytic activity of
macrophages isolated from bovine mammary secretions. Results shown that MAC-T cells TLR4 and NF-κB mRNA
expression was not affected by PGe at all evaluated times. IL-6 mRNA expression and protein level and IL-4
protein level were significantly induced in MAC-T treated with 3mg/ml of PGe. PGe at 3mg/ml reduced sig-
nificantly the internalization of two S. aureus strains in MAC-T. In addition, PGe did not affect the percentage of
phagocytosis and the NO and ROS production of macrophages co-cultured with two strains of S. aureus. These
results, obtained in in vitro models together with those obtained in in vivo previous studies carried out in bovines
and mice can contribute to improve the understanding of the effects of PGe following inoculation in bovine
mammary glands.

1. Introduction

Medicinal plants are used to treat diseases of man and animals since
ancient times. Panax ginseng C.A. Meyer, commonly called “Ginseng”
has a long history as a general tonic to promote health [1]. Ginseng
contains various pharmacological components including saponins
(ginsenosides), polyacetylenes, polyphenolic compounds, and acidic
polysaccharides [2]. Ginseng extract (PGe) appears to induce an in-
crease in host resistance through stimulation of the immune system
[3–5]. Previous studies in noninfected cows at the end of lactation have
demonstrated that PGe has immunostimulant properties and may en-
hance early mammary involution [6–9]. These immunomodulatory
properties were associated with increased expression of toll like re-
ceptors (TLRs), pro inflammatory cytokines, and activation of the

transcription factor NF-κB in bovine mammary glands [8]. Moreover, in
vivo studies have described the potential preventive and therapeutic
effects of parenterally administered PGe against Staphylococcus aureus
intramammary infections (IMI) in lactating cows [10].

Staphylococcus aureus is one of the most frequently isolated major
pathogens from bovine IMI [11,12] and most likely presents as chronic
subclinical mastitis with a low cure rate after conventional antibiotic
therapy [12]. The frequent failure of antibiotic treatment to clear
bacterial infections and recurrence of these infections may be related,
among several factors, to the ability of S. aureus to invade and survive
within a wide variety of eukaryotic cells, such as epithelial cells of the
mammary gland or immune cells [13–15]. Within this context, there is
a need for alternative approaches to prevent and control S. aureus
mastitis in dairy cows to complement current practices.
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Contact between bacteria entering the mammary gland with both
immune system cells present in the milk and with the lining mammary
epithelial cells results in the induction of the innate immune response.
A rapid acting and effective innate immune response is predicated on
early recognition of pathogens [16]. It has been documented that es-
tablishment of S. aureus IMI is associated with an impairment of the
immune response, mediated by factors of either host or S. aureus origin
resulting in a late and low neutrophil recruitment [17,18]. In a previous
study, using a mouse mastitis model, we demonstrated that PGe was
able to trigger an adequate immune response protect from a S. aureus
experimental infection partially inhibiting its multiplication within the
mammary gland [19]. However, the precise mechanism by which PGe
interacts with mammary epithelial cells and macrophages present in
bovine mammary gland in the course of a S. aureus infection has not
been explored. Therefore, in this study, the effect of PGe on MAC-T cells
cytokine response and its effect on the internalization of S. aureus into
MAC-T cells were evaluated. In addition, the effect of PGe on the
phagocytic activity of macrophages isolated from bovine mammary
secretions was evaluated.

2. Materials and methods

2.1. Panax ginseng extract and S. aureus strains

Panax ginseng extract (PGe) was provided by Indena Company
(Indena® SpA, Milan, Italy). A 50mg/ml PGe stock solution was pre-
pared by dissolving the extract in pyrogen free 0.89% NaCl saline so-
lution and then conveniently diluted to different working concentra-
tions [8]. Bacteria used in this study were S. aureus strain Newbould
305 (ATCC 29740) and S. aureus 5011 strain isolated from a cow with a
subclinical persistent mastitis [20].

2.2. Mammary epithelial cells culture

MAC-T cells, an immortalized epithelial cell line isolated from bo-
vine mammary tissue [21], were cultured at 37 °C with 5% CO2 in
Dulbecco's modified Eagle's medium (DMEM, Gibco BRL, Grand Island,
NY) supplemented with 10% heat-inactivated fetal bovine serum (FBS)
(Gibco BRL), insulin (5 μg/ml), hydrocortisone (1 μg/ml), penicillin
(100 U/ml), and streptomycin sulfate (100 μg/ml) (Sigma Chemical
Co., MO, USA).

2.3. Effects of PGe on MAC-T viability

Cell viability was determined with Cell Proliferation Kit II (XTT)
assay (Roche Life Science, Basilea, Switzerland). In brief, MAC-T cells
(2× 104 cells/ml) were seeded in 96-well plates at 37 °C, 5% CO2 and
incubated with different concentrations of PGe (0.5, 1 and 3mg/ml) or
without PGe for 2, 8 and 24 h. After PGe treatment, 50 μl/well of
0.3 mg/ml of XTT labeling mixture (XTT labeling reagent: sodium 3′-[1-
(phenylaminocarbonyl)- 3,4-tetrazolium]-bis (4-methoxy-6-nitro) ben-
zene sulfonic acid hydrate and electron-coupling reagent: PMS (N-me-
thyl dibenzopyrazine methyl sulfate) were added and incubated in a
humidified atmosphere for 2 h. Controls of MAC-T cells incubated in
culture medium alone were included in all experiments carried out.
Three independent experiments were performed in triplicate for each
condition. Finally, the absorbance was measured at 450 nm on a mi-
croplate spectrophotometer SPECTROstar Nano (Life Technologies) and
the results were express as optical density.

2.4. Analysis of mRNA expression of inflammatory genes

In order to analyze the effects of PGe on the modulation of mRNA
expression of inflammatory response genes at 2, 6, 12 and 24 h post
treatment, total RNA of MAC-T cells cultured in 24-well plates with or
without different concentrations of PGe was extracted with Trizol LS

reagent (Invitrogen, Life technology, CA, USA) according to the man-
ufacturer's instructions. Two micrograms of total RNA obtained was
treated with DNase I and then the reverse transcription (RT) reaction
was performed as previously described [8,19]. Non-transcriptional
(without the reverse transcriptase and with RNA as sample) controls
were run for both sample and gene to assess complete degradation of
genomic DNA. Subsequently, real time PCR (qPCR) was performed
using a SYBR Green I reagent (Invitrogen, Life Technology, CA, USA)
and a StepOne Real Time PCR instrument (Applied Biosystems, Life
Technology, CA, USA). Primers were acquired from Invitrogen
(Table 1). All primers were designed to ensure cDNA specific amplifi-
cation using Primer-Quest software (http://www.idtdna.com/
Primerquest/Home/Index). Primers and amplification products were
verified in silico using Basic Local Alignment Search Tool (BLAST;
http://www.ncbi.nlm.nih.gov/BLAST) to confirm gene specificity. The
forward and reverse primers for all genes were designed when possible
to produce amplification products that spanned at least two exons. An
optimized protocol was used: initial denaturation at 98 °C for 3min; 40
cycles of denaturation at 98 °C for 5 s; annealing at 58 °C for 15 s (TLR4)
62 °C for 30 s (NF-κB), 61 °C for 30 s (IL-1β), 56 °C for 15 s (IL-6), 62 °C
for 25 s (TNF-α) and 60 °C for 15 s (β-actin); extension at 72 °C for 20 s;
and fluorescence reading at 80 °C. All measurements for each sample
were performed in duplicate. Negative DNA template controls were
included in all PCR assays and yielded no consistent amplification. The
specificity of amplification products was verified by melting curve
analysis. Quantitative real-time PCR was performed using the com-
parative Ct method (2−ΔΔCt) using β-actin as an internal control [22].

2.5. Analysis of cytokine production

Supernatants from MAC-T cells incubated in presence or absence of
different concentrations of PGe at different times (2, 6, 12 and 24 h)
were subsequently employed for cytokine assays using a bovine IL-1β,
IL-6 and IL-4 enzyme-linked immunosorbent assay (ELISA) kits, re-
spectively, according to the manufacturer's instructions (Thermo Fisher
Scientific, MA, USA). Absorbance was measured using a microplate
spectrophotometer (A450 nm minus A550 nm), and concentrations extra-
polated from standard curves performed with recombinant bovine IL-
1β, IL-6 and IL-4 provided by the kits. Data were expressed as picogram
per milliliter (pg/ml).

Considering that there are no previous studies showing that MAC-T
cells produce IL-4, the intracellular production of this cytokine was
evaluated by flow cytometry. Briefly, MAC-T cells were incubated for
24 h at 37° C-5% CO2 without PGe, with 3 mg/ml of PG or with 50 ng/
ml phorbol 12-myristate 13-acetate (PMA, Sigma-Aldrich) and 1 μg/ml

Table 1
Quantitative real-time PCR primers. Probe sequences (5–3′).

Molecule Primer sequence (5′to 3′) Reference sequence

TLR4 For AGCTTCAACCGTATCATGGCCTCT
Rev ACTAAGCACTGGCATGTCCTCCAT

AY634630

NF-κB For GCTGAGTTGAGAGAGAGTAACC
Rev CTTTCTGTTGTCACTGCTGC

NM001076409.1

IL-6* For GATGCAGTCTTCAAACGAGTGGGT
Rev AGGTTTCTGACCAGAGGAGGGAAT

X57317

IL-1β For AGTCTGTCCTGTACCCTAAC
Rev GAGAGGGTTTCCATTCTGAAG

NM_174093.1

TNF-α For GCTTTACCTCATCTACTCACAG
Rev CTTGATGGCAGACAGGATG

EU276079.1

β-actin For CGGAACCGCTCATTG CC
Rev ACCCACACTGTGCCCATCTA

BT030480.1

Forward (For).
Reverse (Rev).
*References: IL-6: interleukin 6; IL-1β: interleukin 1 beta; TNF-α: tumor ne-
crosis factor-alpha; TLR4: toll-like receptor 4, NF-κB: nuclear factor κB; β-actin:
beta actin.
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ionomycin (Io, Sigma-Aldrich) both as a positive control of cytokine
production (this stimulus was applied only in the last 6 h of culture).
The last 6 h of incubation, BD GolgiStop™ (BD) was added to the culture
in order to accumulate cytokines intracellularly. MAC-T cells were
treated with 0.25% trypsin 0.1% EDTA and collected for intracellular
cytokine staining. Briefly, cells were fixed and permeabilized with
LEUCOPERM™ (Biorad) and stained for 1 h with anti-IL-4- FITC mAb or
with isotype control mAb (Biorad) on ice in the dark. Finally, cells were
washed and resuspended in focusing fluid. Staining was analyzed on an
Attune NxT flow cytometer using FlowJo software. The percentage of
IL-4+ MAC-T cells was analyzed.

2.6. Effects of PGe on S. aureus growth

Bacteria were activated from frozen stocks by overnight culture at
37 °C on trypticase soy agar (TSA) (Britania, Buenos Aires, Argentina)
under aerobic conditions. To evaluate the effect of PGe on growth of
two S. aureus strains, Newbould 305 and 5011, 1.5× 108 CFU (colony
forming units)/ml and 1.15×109 CFU/ml respectively were cultured
at 37 °C in Müeller-Hinton broth (MH), (Britania) pH 7.4 supplemented
with different concentrations of PGe (0.5, 1 and −3mg/ml) or without
PGe. The growth of both S. aureus strains was monitored turbidime-
trically at 630 nm every hour during 24 h using a SynergyTM HT Multi-
Mode Microplate Reader (Biotek).

2.7. Effects of PGe on S. aureus internalization into MAC-T cells

The MAC-T cells were cultured in 24-well plates in DMEM supple-
mented with 0.5, 1 and −3mg/ml of PGe or without PGe, antibiotics
and FBS for 24 h, then MAC-T were washed three times with phosphate-
buffered saline (PBS 1X; pH 7.4) and then infected with two S. aureus
strains with a multiplicity of infection (MOI) of 100:1 bacteria per cell
in the same media without antibiotics. To select the MOI, appropriate
dilutions were performed to obtain varying numbers of organisms per
epithelial cell (data not shown). After challenged with S. aureus for 2 h
in 5% CO2 at 37° C, the MAC-T cells were washed three times with PBS
and treated with gentamicin (100 μg/ml, Sigma Chemical Co., St. Louis,
MO) in DMEM for 2 h to eliminate extracellular bacteria. Supernatants
were then collected and plated on mannitol salt agar to verify extra-
cellular killing by gentamicin. After washing for three times the MAC-T
cells were treated with 0.25% trypsin 0.1% EDTA (Gibco, BRL) and
lysed with Triton X-100 (Amersham, Arlington Heights, IL, USA) at a
final concentration of 0.025% (v/v) in sterile distilled water to release
intracellular staphylococci. The MAC-T lysates were diluted 10-fold,
plated on mannitol salt agar and incubated at 37 °C overnight. Total
CFU was determined by standard colony counting technique. The in-
ternalization assay was performed in triplicate and experiments were
repeated three times. Data were expressed as log10 of recovered CFU/ml
from the MAC-T lysates.

2.8. Effects of PGe on phagocytic activity

2.8.1. Macrophages viability assay
To verify if PGe affected viability of macrophages isolated from

mammary secretion an XTT assay was performed. Mammary secretions
were collected from nonlactating healthy cows 10–15 days after ces-
sation of milking and macrophages were isolated as described pre-
viously [23,24]. Approximately 25ml of mammary secretion was di-
luted 1:2 with PBS and centrifuged at 400 g for 10min at 4 °C using a
high capacity centrifuge (RC6 plus, Sorvall, Thermo Fisher Scientific).
Then, fat was carefully removed; the pellet was washed twice with PBS
and centrifuged at 400 g for 10min. After counting the isolated mam-
mary secretion cells and determination of the viability with tripan blue,
cells were resuspended to a concentration of 1× 106 viable cells/ml
with complete RPMI 1640 medium and 100 μl were seeded in 96-well
plates at 37 °C, 5% CO2 for 24 h. Cells were washed with PBS to remove

non adherent cells, resuspended with complete RPMI 1640 medium and
treated with different concentrations of PGe (0.5, 1 and 3mg/ml) or
without PGe during 24 h. Then, the same XTT assay described pre-
viously for MAC-T cells were performed. Three independent experi-
ments were performed in triplicate.

2.8.2. Phagocytosis assay
The phagocytosis assay was performed by flow cytometry (Attune,

NxT Acoustic Focusing Cytometer A24860, Life Technology) using
fluorescein isothiocyanate (FITC)-labelled S. aureus Newbould 305 and
S. aureus 5011 strains. One millilitre of PBS containing FITC (10mg/ml
in dimethylsulfoxide) and 1× 109 CFU/ml of both S. aureus Newbould
305 and 5011 strains were incubated at room temperature for 1 h with
slight shaking. Both labelled bacteria were washed four times and re-
suspended to initial volume with PBS. Cellular pellets from mammary
secretions were obtained as previously described in macrophages via-
bility assay. Macrophages from mammary secretion were isolated using
Histopaque-1083 (Sigma) at a density of 1.083 g/ml according to
Dosogne et al. [24] with modifications. Macrophages (1×106 cells/ml)
were seeded in tubes and then treated with 3mg/ml of PGe in complete
RPMI 1640 medium, keeping untreated macrophages with culture
media only as controls for 2 h in slight shaking at 37 °C. After PG
treatment, cells were incubated with both Newbould 305- and 5011-
FITC labelled bacteria in a MOI of 100:1 bacteria per cell at 37 °C for
30min, respectively. To stop phagocytosis cells were incubated with
cool NaCl 0.85%/EDTA 0.04%, centrifuged at 400 g for 5min and re-
suspended in focusing fluid and acquired by flow cytometry.

2.8.3. Selection of macrophages population and phagocytosis analysis
Prior to analyzing the phagocytic activity the macrophage popula-

tion was identified using flow cytometry based on CD14 positivity
[25,26]. Briefly, one tube per sample of isolated macrophages was in-
cubated with a labelled CD14 mAb (APC anti-human CD14, Clone
M5E2, BioLegend®, CA, EEUU), for 30min on ice and in the dark. Then,
cells were centrifuged, further resuspended in focusing fluid and ac-
quired by flow cytometry. After identifying the macrophages popula-
tion positive for CD14 using FlowJo (Tree Star, Ashland, OR), cells with
FITC-green fluorescence were regarded as phagocytic events, and the
percentage of cells with fluorescence represented the phagocytic ac-
tivity. Median fluorescence intensity (MFI) was used to estimate the
number of bacteria phagocyted per positive cell [27].

2.8.4. Determination of NO concentration and ROS production
Macrophage supernatants from the phagocytosis assay were re-

covered for all conditions: (Macrophages with 3 mg/ml of PGe:
Basal + PGe; macrophages with culture media: Basal cells; macro-
phages with 3 mg/ml of PGe + Newbould 305 or 5011 S. aureus:
Newbould 305 + PGe or 5011 + PGe; macrophages with Newbould
305 or 5011 S. aureus without PGe: Newbould 305 or 5011) to de-
termine nitric oxide (NO) concentration. Briefly, supernatants were
filtered through 0.22 μM membranes (Millipore) to eliminate bacteria
and then nitrite concentration (NO2-) in cell-free media was measured
using the Griess Reagent Kit (Thermo Fisher Scientific) as described
previously (Denis et al. [28] and Gutiérrez-Barrosoa et al. [29]). Briefly,
the Griess reagent was prepared by mixing equal volumes of stock so-
lution A (10% sulfanilamide, 40% phosphoric acid) and stock solution B
[1% N-(1-naphthyl) ethylenediamine dihydrochloride] and then in-
cubated with the filtered supernatant for 30min at room temperature
before the measurement of nitrite. Parallel to this, a standard curve
with a nitrite standard solution (provided by the kit) was performed.
Total nitrite levels, indicative of the amount of NO production, were
evaluated by reading the optical density of each sample at 550 nm and
calculated with reference to a standard curve of sodium nitrite
(0.78–100 μM).

Once completed the phagocytosis assay, macrophages were in-
cubated with hydroethidine (HE) (1 μM) at 37 °C for 15min in darkness
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and then centrifuged and resuspended in focusing fluid to assessed re-
active oxygen species (ROS) production [30]. The percentage of mac-
rophages producing ROS was analyzed using flow cytometry. The ROS
production was estimated from the HE-orange fluorescence for each
treatment. The MFI of ROS production, that is a measure of the amount
of ROS produced per cell, was estimated from the means of HE-fluor-
escence.

2.9. Statistical analysis

All statistical analyses were performed using a software package
(SPSS 11.0 for Windows, SPSS Inc., Chicago, Illinois). Results were
expressed as mean ± standard deviation (SD). Differences between
groups in XTT, ELISA and intracellular cytokine staining for IL4, in-
ternalization and NO production from phagocytosis assays were as-
sessed by one-way analysis of variance (ANOVA), followed by Duncan's
multiple range tests as a multiple comparison test. Differences in
macrophage phagocytosis assay and ROS production between groups
were assessed by Student t-tests to determine differences between
groups. The general linear model procedure was used for data analysis
for IL-6 ELISA and PCR assays. The model tested for main effects of
treatment (0, 0.5, 1 and 3 mg/ml of PGe), time (2, 6, 12 and 24 h) and
the treatment * time interaction. Individual means were compared by
Duncan test. The effect of PGe on S. aureus growth were analyzed with
two-way repeated measures ANOVA (RM-ANOVA) followed for
Duncan's tests. P values of< 0.05 in all tests employed were further
considered significant.

3. Results

3.1. Effects of PGe on MAC-T cells viability

The potential cytotoxicity of PGe on MAC-T cells was evaluated by
the XTT assay. Cells viability was not affected by the PGe at con-
centration of 0.5, 1 and 3mg/ml at 2, 8 and 24 h post treatment
(Fig. 1).

3.2. Effects of PGe on TLR4 and NF-kB gene expression in MAC-T cells

To evaluate if PGe could modulate the expression of TLR4 and NF-
κB in MAC-T cells we analyzed the genes profiles of these molecules.
The TLR4 mRNA expression in MAC-T cells was influenced by treat-
ment (P= 0.043), but not by sampling time (P= 0.490). No interaction
between treatment and sampling time was observed (P= 0.622).
Although TLR4 mRNA peaked at 24 h at 1mg/ml of PGe treatment, no
differences were observed between groups (Fig. 2A).

The mRNA expression of NF-κB in MAC-T cells was influenced by
treatment (P= 0.001), and by sampling time (P= 0.001). No

interaction between treatment and sampling time was observed
(P= 0.724). Although the transcript levels for NF-κB in MAC-T treated
with 1mg/ml of PGe were higher than the transcript levels observed for
treatments at all sampling times, no differences were observed between
groups (Fig. 2B.).

3.3. Effects of PGe on cytokines mRNA expression and production in MAC-
T cells

To analyze the effects of PGe in MAC-T cells, we determined whe-
ther PGe affected the mRNA expression and production of several cy-
tokines by qPCR, ELISA and flow cytometry.

The mRNA expression of IL-6 in the MAC-T cells was influenced by
treatment (P=0.007), and by sampling time (P < 0.001). There was
interaction between treatment and sampling time (P= 0.038). At 12 h
transcript levels for IL-6 in MAC-T cells treated with 1 and 3mg/ml of
PGe were higher than transcript levels observed at 0.5 mg/ml of PGe
treated group and controls (P < 0.05). At 24 h mRNA expressions of
IL-6 were higher in cells treated with 1mg/ml of PGe compared with
cells treated with 0.5 and 3mg/ml (P < 0.05), but not differences were
observed compared with the controls (P > 0.05) (Fig. 3A).

All samples from all groups had weak IL-1β and TNF-α mRNA ex-
pression, and, since 75% of the samples expressed this gene outside the
linear dynamic range, its relative quantification could not be per-
formed.

Protein levels of IL-6 in the MAC-T cells was influenced by treat-
ment (P= 0.045) and by sampling time (P < 0.001). There was in-
teraction between treatment and sampling time (P= 0.007). At 12 and
24 h post treatment, production of IL-6 was significantly induced in
MAC-T cells treated with 3mg/ml of PGe compared with control cells
(P < 0.05) (Fig. 3B).

Protein levels of IL-1β were below the lowest detectable test limit in
all evaluated groups at all sampling times.

At 2, 6 and 12 h post treatment with 0.5, 1 and 3mg/ml of PGe or
without PGe, secretion of IL-4 was below the lowest detectable test limit
in all evaluated groups. However, after 24 h of treatment the secretion
of IL-4 was significantly induced by 3mg/ml of PGe in MAC-T cells
compared with all evaluated groups (P < 0.01) (Fig. 3C).

Treatment with 3mg/ml of PGe during 24 h did not change sig-
nificantly the IL-4 production by MAC-T cells compared with untreated
cells (Fig. 4). Intracellular IL-4 production was significantly induced in
MAC-T cells treated with PMA and ionomycin compared with cells
treated with PGe and untreated control cells (P < 0.05; Fig. 4).

3.4. Effect of PGe on S. aureus growth

To evaluate the effect of PGe on S. aureus growth, two S. aureus
strains were cultured in the presence of different concentrations of PGe
(0.5, 1 and 3mg/ml of PGe) or without PGe. The addition of PGe to the
bacterial culture medium stimulated the growth of both S. aureus
Newbould 305 and S. aureus 5011 strains after 24 h of culture
(P < 0.001), exhibiting a higher effect at 3mg/ml (P < 0.05) (Fig. 5A
and B respectively).

3.5. PGe effect on S. aureus internalization into MAC-T cells

To evaluate the effect of PGe on S. aureus internalization, MAC-T
cell incubated with different concentrations of PGe and then exposed to
S. aureus Newbould 305 and S. aureus 5011 strains was carried out. PGe
at 3mg/ml reduced S. aureus Newbould 305 internalization in MAC-T
compared with 1 and 0.5mg/ml and controls (P < 0.05) (Fig. 6A). In
addition, 3 mg/ml of PGe reduced S. aureus 5011 internalization in
MAC-T compared with 0.5mg/ml and control (P < 0.05) (Fig. 6B).

Fig. 1. Effect of different concentrations of PGe (0.5, 1 and 3mg/ml) on MAC-T
cells viability at 2, 8 and 24 h post treatment. Each bar represents the means of
triplicates ± standard desviation (SD) of three independent experiments. P
values of< 0.05 were considered significant.
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3.6. Effect of PGe on the phagocytic activity, ROS and NO production

The potential cytotoxicity of PGe on macrophages isolated from
secretions obtained from involuting mammary glands was evaluated by
the XTT assay. PGe concentrations up to 3mg/ml did not affect cells
viability after 24 h of treatment (Fig. 7).

The percentage of CD14 positive cells in macrophages region was
38% (33–40.7%) from all analyzed mammary secretions. Then, the
effect of PGe on the ability of macrophages in this region to ingest S.
aureus was assessed. No significant differences were observed in per-
centage of macrophages phagocytosis and MFI from involution secre-
tions treated with PGe and controls that were co-cultured with both S.
aureus strains (Table 2).

PGe did not change the ROS production by macrophages during co-
culture with both S. aureus strains (P=0.096 and P=0.985, respec-
tively). No significant differences were observed in MFI of ROS pro-
duction when macrophages were co-cultured with S. aureus 5011 with
or without PGe (P=0.722). However, when macrophages were co-
cultured with S. aureus Newbould 305 and treated with PGe the MFI of
ROS production was higher than in macrophages without PGe
(P= 0.046) (Table 2).

The NO production by phagocytic macrophages was evaluated using
Griess reaction. PGe did not change NO production in macrophages
without S. aureus (basal levels). When macrophages were exposed to
both S. aureus strains, an increase in NO production was observed
compared with basal levels (P < 0.05), but this increase was not af-
fected by PGe treatment (Fig. 8A and B).

4. Discussion

Mammary epithelial cells and macrophages are the first cells to be
confronted with a pathogen following access to the mammary gland;
being an important source of pro-inflammatory cytokines and chemo-
kines that attract neutrophils in early infection processes [31]. In the
present study, we evaluated the effects of PGe both on the inter-
nalization of S. aureus into MAC-T cells and phagocytic activity of
macrophages isolated from mammary secretion.

First, we evaluated the effect of PGe on MAC-T cells viability and on
S. aureus growth at a range of concentrations from 0.5 to 3mg/ml. In
previous studies in vivo, we observed that a concentration of 3mg/ml
proved to be safe for cows after intramammary inoculation, causing
only mild inflammation [32]. In the present study, PGe showed no
toxicity to MAC-T cells after 24 h of incubation. In agreement with these
results, in previous studies in cows and mice we observed that following
PGe inoculation, normal mammary gland architecture was not altered
as indicated by maintenance of alveolar and stromal integrity, sug-
gesting absence of adverse effects on mammary gland structure and
function [19,32].

In the present study, the addition of PGe to the bacterial culture
medium stimulated S. aureus strains growth, with a greater effect at
3mg/ml. These results indicate that in an in vitro culture system, PGe at
high concentrations could act as an additional nutrient for the growth
of S. aureus. However, this may not occur in an in vivo system, where
bacterial growth would not only be regulated by the availability of

Fig. 2. Relative mRNA expression of TLR-4 (A) and NF-κB
(B) in MAC-T cells treated with different concentrations
of PGe (0.5, 1 and 3 mg/ml) or without PGe at 2, 6, 12
and 24 h post treatment. Each bar represents the means of
triplicates ± standard desviation (SD) of three in-
dependent experiments. The main effects of treatment
(T), time of sampling (t) and treatment * time interaction
(T*t) are shown.

Fig. 3. Relative mRNA expression of IL-6 (A) and protein levels of IL-6 (B) in
MAC-T cells treated with different concentrations of PGe (0.5, 1 and 3 mg/ml)
or without PGe at 2, 6, 12 and 24 h post treatment. Protein levels of IL-4 (C) in
MAC-T cells treated with different concentration of PGe (0–3 mg/ml) at 24 h of
treatment. Each bar represents the means of triplicates ± standard desviation
(SD) of three independent experiments. For IL-6 analysis, the main effects of
treatment (T), time of sampling (t) and treatment * time interaction (T*t) are
shown. At each sampling time, different letters correspond to statistically sig-
nificant differences (P < 0.05).
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nutrients but also by the host immune response. In this regard, in a
previous study, we observed a significant decrease in the number of
bacteria recovered from the mammary gland of mice treated with PGe
and further challenged experimentally with S. aureus [19].

Mammary epithelial cells express specific pattern recognition re-
ceptors (PRR) on their surfaces or within the cells, such as TLRs, that
recognize particular bacterial molecules called pathogen-associated
molecular patterns (PAMP) [33]. Upon ligand binding, TLRs initiate
signal transduction pathways that culminate in NF-κB and MAP kinase
activation and induction of inflammatory cytokines, which are syn-
thesized by infiltrating cells [34] as well as resident cells in response to
infection [35]. In addition to microbial components, TLRs also re-
cognize non-pathogenic molecules like plant derived and stress related
proteins [36,37]. To determine whether TLR4 and NF-κB could be

associated with PGe effect in MAC-T cells we analyzed the mRNA ex-
pression of these genes. We observed that although expression of both
genes was higher in MAC-T cells treated with different PGe con-
centrations at most sampling times, no significant differences were
found compared with controls. These results suggest that TLR4 is not
the main receptor involved in the recognition of PGe by MAC-T cells or
it could act indirectly in association with other receptors that were not
object of study [38]; and that TLR4 gene expression observed in vivo [8]
reflects activity of other cells within the mammary tissue.

It has been shown that the number of TLR4 molecules involved in
recognition determines whether the innate immune response will be
activated [39]. Besides, it has been reported that ginseng regulates
immune responses through the modulation of cytokine secretion [40].
In this study, although we found higher mRNA levels of TLR4 in MAC-T

Fig. 4. Effect of PGe (3 mg/ml) on intracellular IL-4 production by MAC-T cells using flow cytometry analysis. A) Representative forward scatter versus side scatter
density plots showing gate in R1 for further IL-4 analysis on MAC-T cells population. B) Representative histograms showing cells stained with isotype control (empty)
or IL-4 mAb (filled). C) Percentages of IL-4+ MAC-T cells are shown. Data are expressed as mean ± SD of three independent experiments. Different letters
correspond to statistically significant differences (P < 0.05).
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treated with different PGe concentrations at most sampling times, these
were not sufficient to cause significant stimulation of IL-1β and TNF-α
mRNA expression in mammary epithelial cells. These results suggest

that PGe does not affect TLR4 and their signalling transduction path-
ways in MAC-T cell model. Whether PGe stimulates other TLRs sig-
nalling pathways or associates with other receptors in mammary

Fig. 5. Effect of different concentrations of PGe (0.5, 1 and 3mg/ml) on growth of S. aureus Newbould 305 (A) and S. aureus 5011 (B) up to 24 h. Values represent the
means of triplicates ± standard desviation (SD) of three independent experiments. Two-way repeated measures ANOVA indicated a significant effect of PGe
treatment (P < 0.001).

Fig. 6. Effect of different concentrations of PGe (0.5, 1
and 3mg/ml) on S. aureus Newbould 305 (A) and S.
aureus 5011 (B) internalization into MAC-T cells. Data are
presented as log10 of CFU/ml recovered from MAC-T cells
lysis. Bars show the mean of triplicates ± standard des-
viation (SD) of three independent experiments. Bars with
different superscript letters denote significant differences
(P < 0.05).
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epithelial cells remains unclear and needs further investigation.
IL-6 is expressed by a variety of cells, including lymphocytes,

monocytes, macrophages, neutrophils, endothelial cells, epithelial cells,
and fibroblasts, and its expression is induced both by bacteria and
viruses [41]; having both pro and anti-inflammatory properties [42]. In
this study, we demonstrated the mRNA expression and secretion of IL-6
in MAC-T cells in response to PGe. In fact, the higher levels of mRNA
were found at 12 h of PGe treatment, followed by an increase in protein
release at 24 h of PGe treatment. Interestingly, the significant increase
in the production of IL-4, in MAC-T cells treated with PGe at 24 h was in
parallel with the increase in the production of IL-6. The latter cytokine
possesses both pro and antiinflammatory properties [42], and is ex-
pressed by various cell types following TLR-induced inflammatory
cascade. Both results, those found for IL-6 and IL-4 would suggest that
PGe has the ability to modulate the immune response, either promoting
or suppressing it, and these effects can be dependent on PGe con-
centration. Moreover, in the present study we demonstrated for the first
time that bovine mammary epithelial cells have de ability to produce
IL-4 against different stimulus.

The capacity of S. aureus to invade and survive within the mammary
epithelial cells, which confers protection against the host immune
system and the antibiotic treatment, is among the factors that con-
tribute to persistence of this pathogen [43,44], leading to chronic IMI
[45]. Recent studies showed that PGe partially inhibited S. aureus
multiplication within the murine mammary gland and can thus play a
protective role against IMI [19]. To determine if there is a relationship
between the protective role postulated for PGe in a mouse mastitis
model and the capacity of PGe to inhibit early interactions between the
organism and mammary epithelial cells, we performed internalization
assays in MAC-T cells with two S. aureus strains. Interestingly, a

concentration of 3mg/ml of PGe significantly reduced both Newbould
305 and 5011 S. aureus strains internalization on MAC-T cells. Con-
sidering that PGe does not have an inhibitory effect on S. aureus, a
direct interaction of PGe with MAC-T is most likely to be causing in-
terference with bacteria internalization. It has been determined that
internalization of S. aureus by nonprofessional phagocytes involves an
interaction between fibronectin (Fn) binding protein (FnBP) and the
host cell, resulting in signal transduction, tyrosine kinase activity, and
cytoskeletal rearrangement [46]. Interestingly, it has been reported that
ginsenoside Rg1 from Panax notoginseng decreased the protein levels of
collagen I and fibronectin in a dose-dependent manner in rat renal
tubular epithelial cells [47]. On the basis of these observations, we
hypothesised that molecular interactions between PGe and MAC-T cells
surface proteins may occur, and this could prevent the correct adhesion
and subsequent internalization of S. aureus to the mammary epithelial
cells. As far as we know, this is the first report about properties of PGe
on inhibiting S. aureus internalization in MAC-T cells. Nevertheless, the
mechanism leading to reduction of PGe on S. aureus internalization
remains to be elucidated.

When activated by various stimuli, macrophages enhance their
phagocytic activity, increase their ability to kill ingested pathogens, and
produce many cytokines and inflammatory mediators such as nitric
oxide and H2O2 [48]. Several reports have shown that ginseng extract
enhanced phagocytic activity of macrophages. Shin et al. [49] have
shown that peritoneal murine macrophages treated with red ginseng
acidic polysaccharides (RGAPs, ginsan) stimulated the phagocytosis of
zymosan, a preparation of cell wall from Saccharomyces cerevisiae. In
addition, treatment of murine macrophages with a combination of
RGAPs and IFN-γ has shown to potentiate the activation of macro-
phages, and a substantial improvement in the NO production [50]. In
the present study, the percentage of macrophages phagocytosis and the
MFI phagocytosis cells in the PGe-treated group did not differ from the
control group for both Newbould 305 and 5011 S. aureus strains. Direct
comparisons between previous research [50] and the present study
cannot be carried out due to the different chemical nature of the PGe
employed as well as the distinct origin of cells evaluated. During active
mammary involution, the indiscriminate ingestion of milk components
by macrophages, render these cells less effective for phagocytosis [51].
However, macrophages have receptors for IgG1 and IgG2 [52] and
those obtained at 10–15 days after cessation of milking showed en-
hanced S. aureus uptake when incubated with specific antibodies [53].

In this study, low levels of NO in macrophage basal cell culture
medium (without bacteria) was detected and significantly higher levels
were induced upon infection with Newbould 305 and 5011 S. aureus
strains; however, this increase was not affected by PGe treatment. In
contrast, another study has demonstrated that NO production increased
in macrophages from RGAP-treated mice [54]. Discrepancies between
studies may be due to the PGe used and the source of macrophages
employed in our study.

The reactive oxidants play a critical role in host defense and other

Fig. 7. Effect of different concentrations of PGe (0–3mg/ml) on macrophages
from mammary involution secretions viability at 24 h of treatment. Each bar
represents the means of triplicates ± standard desviation (SD) of three in-
dependent experiments. P values of< 0.05 were considered significant.

Table 2
Effect of PGe on the phagocytic activity of macrophages from involution mammary secretions.

Variable PGe treatment Control P (value)

Newbould 305 S. aureus phagocytosis (%) 84.40 ± 2.52a 83.43 ± 2.40a 0.656
Intensity of Newbould 305 S. aureus phagocytosis (MFI) 112500.33 ± 22432.70a 88834.00 ± 25289.31a 0.985
5011 S. aureus phagocytosis (%) 87.97 ± 1.46a 88.90 ± 3.001a 0.654
Intensity of 5011 S. aureus

phagocytosis (MFI)
106092.00 ± 2455.65a 121818 ± 9939.61a 0.056

Newbould 305 S. aureus ROS production 12.00 ± 1.21a 16.07 ± 3.01a 0.096
Newbould 305 S. aureus intensity of ROS production (MFI) 647.00 ± 95.52a 488.33 ± 11.37b 0.046
5011 S. aureus ROS production 11.48 ± 1.42a 11.46 ± 2.85a 0.985
5011 S. aureus intensity of ROS production (MFI) 355.00 ± 12.86a 387.33 ± 103.54a 0.722

The results are shown as the mean of the values ± standard deviation (SD). MFI: median fluorescence intensity; ROS: reactive oxygen species. Different super-
scripted letters denote significant differences (P < 0.05) between the values.
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physiological processes and are also involved in the regulation of
apoptosis and immune homeostasis [55,56]. Results obtained in this
study shown that PGe neither stimulated macrophages co-cultured with
both S. aureus strain to produce intracellular ROS nor suppressed its
production. Suppressive effects of non-fermented (WG) and fermented
(FWG) extracts of cultured wild ginseng Root were observed on LPS-
induced ROS production in RAW264.7 macrophages [57]. In addition, a
mixture of three medicinal plants Angelica gigas Nakai (AGN), Panax
ginseng (PG), Rhus verniciflua Stokes RVS (APR) suppressed intracellular
ROS levels induced by LPS in RAW264.7 cells when these were stimu-
lated with LPS for 12 h (Choi. et al., 2014). Differences found between
results of our study and those of Choi et al. [58] can rely on the sam-
pling period evaluated in the present study (only 2 h with PGe).

In conclusion, PGe reduced S. aureus internalization into MAC-T
cells potentially by interfering early S. aureus-cell interaction and did
not affect macrophages phagocytic activity when these were in vitro co-
cultured with S. aureus. These results, obtained in in vitro models can
contribute to improve the understanding of the effects observed fol-
lowing PGe in bovine mammary glands and put into perspective the
complex interactions between this compound and the mammary gland
immune defense.
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