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a b s t r a c t

Background: Adipocyteemacrophage communication plays a critical role regulating white adipose tissue
(WAT) inflammatory gene expression. Because WAT inflammation contributes to the development of
metabolic diseases, there is significant interest in understanding how exogenous compounds regulate
the adipocyteemacrophage crosstalk. An aqueous (AQ) extract of North American (NA) ginseng (Panax
quinquefolius) was previously shown to have strong inflammo-regulatory properties in adipocytes. This
study examined whether different ginseng extracts influence adipocyteemacrophage crosstalk, as well
as WAT inflammatory gene expression.
Methods: The effects of AQ and ethanol (EtOH) ginseng extracts (5 mg/mL) on adipocyte and macrophage
inflammatory gene expression were studied in 3T3-L1 and RAW264.7 cells, respectively, using real-time
reverse transcription polymerase chain reaction. Adipose tissue organ culture was also used to examine
the effects of ginseng extracts on epididymal WAT (EWAT) and inguinal subcutaneous WAT (SWAT)
inflammatory gene expression.
Results: The AQ extract caused significant increases in the expression of common inflammatory genes
(e.g., Mcp1, Ccl5, Tnf-a, Nos2) in both cell types. Culturing adipocytes in media from macrophages treated
with the AQ extract, and vice versa, also induced inflammatory gene expression. Adipocyte Ppar-g
expression was reduced with the AQ extract. The AQ extract strongly induced inflammatory gene
expression in EWAT, but not in SWAT. The EtOH extract had no effect on inflammatory gene expression in
either both cell types or WAT.
Conclusion: These findings provide important new insights into the inflammo-regulatory role of NA
ginseng in WAT.
Copyright 2015, The Korean Society of Ginseng, Published by Elsevier. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

White adipose tissue (WAT) is a metabolically active endocrine
organ that plays a central role in whole-body energy homeostasis
[1]. The secretion of a wide range of proteins fromWAT, collectively
termed “adipokines,” is important for communication between
adipocytes and other cell types. Of particular relevance is the
paracrine dialog that exists between adipocytes and macrophages.
Hypertrophic adipocytes secrete specific chemokines [e.g., mono-
cyte chemoattractant protein 1 (MCP1)] that promote macrophage
recruitment and activation [2]. Thesemacrophages secrete amyriad

of cytokines [e.g., tumor necrosis factor-alpha (TNF-a)] that activate
adipocyte inflammatory signaling pathways, leading to recruitment
of additional immune cells. Together, this cyclical dialog induces a
chronic, low-grade inflammatory state in WAT. Because WAT
inflammation is a major contributor to the development of meta-
bolic diseases, there is significant interest in understanding how
exogenous compounds can regulate adipocyteemacrophage
crosstalk.

Increasing evidence demonstrates that many natural health
products (NHPs) are able to regulate WAT inflammation [3]. This
is particularly relevant given recent reports highlighting the
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widespread use of NHPs in the US population [4]. Ginseng, which is
the fifth most highly consumed NHP in the United States [4], has
been shown to regulate immune function, inflammatory processes,
glucose metabolism, and response to stress and fatigue [5e8].
Ginseng constitutes a family of herbs in which the primary species
are Panax ginseng (Korean ginseng) and Panax quinquefolius [North
American (NA) ginseng]. Although similar in genus, these species
have distinct profiles of bioactive compounds, such as ginsenosides
and polysaccharides. Compared with P. ginseng, relatively little is
known about the bioactivity of P. quinquefolius.

We have previously reported that different NA ginseng extracts
(which vary in ginsenoside and polysaccharide contents) had dif-
ferential effects on inflammatory signaling pathways in differenti-
ated 3T3-L1 adipocytes [5]. Specifically, an aqueous (AQ) ginseng
extract induced adipocyte inflammatory signaling through the Toll-
like receptor-4 (TLR4) pathway, whereas an ethanol (EtOH) extract
had no effect. Azike et al [8] showed that these same NA ginseng
extracts had different effects on cytokine production in macro-
phages. In their study, the AQ extract showed immune-stimulating
effects and the EtOH extract showed immunoinhibitory effects [8].
Although the bioactivity of these extracts has been studied in
cultured adipocytes and macrophages individually, it is unknown
whether ginseng regulates the paracrine dialog between them. The
goal of this study was to investigate how AQ and EtOH ginseng
extracts influence the crosstalk between adipocytes and macro-
phages. We also examined whether the effects of these extracts
were observed in different mouse WAT depots. Together, this
research provides new insights into the molecular mechanisms by
which NA ginseng extracts mediate cellular communication in
adipose tissue.

2. Materials and methods

2.1. Ginseng acquisition and extraction

The Ontario Ginseng Growers Association provided 4-yr-old NA
ginseng roots. Ginseng roots were pooled from five different
Ontario farms and prepared at Naturex (South Hackensack, NJ, USA)
for The Ontario Ginseng Research and Innovation Consortium [8].
In brief, dried ginseng root samples were soaked three times during
5 h at 40�C in either 16 L of water or an EtOH/water (75/25, v/v)
solution to obtain the AQ and EtOH extracts, respectively [8].
Following extraction, solutions were filtered, solvent removed us-
ing a rotary evaporator, and concentrates were lyophilized using a
freeze dryer. The contents of ginsenoside and polysaccharide were

measured using high-performance liquid chromatography and size
exclusion chromatography, as described elsewhere [8,9]. The EtOH
extract contained more than two times the total ginsenoside con-
tent than the AQ extract: 28.25% versus 13.87% dry weight of the
extract. Rb1 and Re were the two most predominant ginsenosides
in both extracts, however, the Rb1/Re ratio was higher in the EtOH
extract: 1.8 versus 1.1 [8]. For all cell culture studies, ginseng ex-
tracts were dissolved in Hank’s balanced salt solution (HBSS) and
filtered using 0.2-mm filters (Fisher Scientific, ON, Canada) prior to
their use. The concentration of extracts used in cell culture studies
was selected following a doseeresponse pilot study to maximize
the biological effects of the extracts while preventing cell toxicity.
Toxicity was assessed using the Promega cytotoxicity assay (Mad-
ison, WI, USA).

2.2. Cell culture reagents

Murine 3T3-L1 preadipocytes were purchased from American
Type Culture Collection (ATCC; Rockville, MD, USA). Murine
RAW264.7 macrophages (ATCC) were kindly provided by Dr. Lind-
say Robinson (University of Guelph, Guelph, ON, Canada). Dulbec-
co’s modified Eagle’s medium (DMEM), penicillinestreptomycin,
and 0.25% trypsineEDTA were purchased from HyClone Labora-
tories (Logan, UT, USA). Dexamethasone (DEX), 3-isobutyl-1-
methylxanthine (IBMX), human insulin, fetal bovine serum (FBS),
and HBSSwere obtained fromSigma Aldrich (Oakville, ON, Canada).

2.3. Adipocyte cell culture studies

Four separate studies were conducted with murine 3T3-L1
preadipocytes, with each performed in triplicate using different
passage numbers (Table 1, Fig. S1 in the supplementary material
online). Each study used the same basic protocol for adipocyte
differentiation, as previously described [5]. In brief, preadipocytes
were seeded at a density of 6.0 � 104 and cultured in DMEM con-
taining 5% FBS and 1% penicillinestreptomycin (i.e., basic media).
Differentiation was induced 2 d postconfluence (i.e., Day 0) using a
standard differentiation cocktail consisting of basic media supple-
mented with 1mM DEX, 1mM IBMX, and 5 mg/mL human insulin
(i.e., differentiation media). After 2 d (i.e., Day 2), the differentiation
media was removed and replaced with the basic media containing
only 5 mg/mL human insulin (i.e., maintenance media). Mainte-
nance media was changed every 2 d during the differentiation
protocol. On Day 7, FBS was removed and the remainder of the
experiments were conducted in serum-free conditions. Treatment

Table 1
Overview of various adipocyte and macrophage studies

Study No. Study description

Adipocyte studies
A1 Differentiated adipocytes were treated for 48 h with 5 mg/mL of the EtOH and AQ ginseng extracts. The CTRL corresponded to serum-free media.

After 48 h, total RNA was extracted and ACMs were collected and used for Study M3.
A2 Differentiated adipocytes were treated for 24 h with 5 mg/mL of the EtOH and AQ ginseng extracts. The CTRL corresponded to serum-free media.

After 24 h, media containing ginseng extracts were removed and replaced with ginseng-free, serum-free media for an additional 24 h. ACMs from
this second 24-h period were collected and used for Study M4.

A3 Differentiated adipocytes were treated for 48 h with MCMs collected from Study M1 (see below).
A4 Differentiated adipocytes were treated for 48 h with MCMs collected from Study M2 (see below).
Macrophage studies
M1 Macrophages were treated with 5 mg/mL of the EtOH and AQ ginseng extracts for 24 h. The CTRL corresponded to serum-free media. After 24 h,

total RNA was extracted and MCMs were collected and used for Study A3.
M2 Macrophages were treated with 5 mg/mL of the EtOH and AQ ginseng extracts for 12 h. The CTRL corresponded to serum-free media. After the 12-h

treatment period, media containing ginseng extracts were removed and replaced with ginseng-free, serum-free media for an additional 12 h. MCMs
from this second 12-h period were collected and used for Study A4.

M3 Macrophages were treated for 24 h with ACM collected from Study A1 (see above).
M4 Macrophages were treated for 24 h with ACM collected from Study A2 (see above).

ACMs, adipocyte-conditioned media; AQ, aqueous; CTRL, control; EtOH, ethanol; MCMs, macrophage-conditioned media
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conditions and incubation times for the four studies are outlined in
Table 1. On Day 10, total RNA was extracted from differentiated
adipocytes from all studies (A1eA4).

2.4. Macrophage cell culture studies

Four separate studies were conducted with murine RAW264.7
macrophages, with each performed in triplicate using different
passages (Table 1, Fig. S1 in the supplementary material online).
Each study used the same basic protocol for culturing. Macrophages
were seeded at a density of 1.5 � 105 cells/well in six-well plates,
and cultured in DMEM containing 10% FBS and 1% penicilline
streptomycin at 37�C in 5% CO2. Once confluence was achieved
(approximately 2 d after seeding), FBSwas removed from themedia
to terminate proliferation. The remainder of the experiments were
conducted in serum-free conditions. Treatment conditions and
incubation times for the four studies are outlined in Table 1. After
the treatment period, total RNA was extracted from macrophages
from all studies (M1eM4).

2.5. Adipose tissue organ culture

All protocols followed Canadian Council on Animal Care guide-
lines andwere approved by the Animal Use andWelfare Committee
at the University of Guelph. Adult male C57BL/6J mice (Jackson
Laboratory, Bar Harbor, Maine, USA) weighing approximately 25 g
were housed two/cage with a 12:12-h lightedark cycle. Mice were
given access to standardmouse chowandwater ad libitum. Animals
were anesthetized with pentobarbital sodium (5 mg/100 g body
weight), and epididymal WAT (EWAT) and inguinal subcutaneous
WAT (SWAT) were excised, weighed, and immediately placed in 50-
mL conical tubes containing phosphate-buffered saline (PBS) and
1% penicillinestreptomycin. Subsequently, 100 mg of tissue was
placed into a well of a six-well plate containing 3.3 mL of M199
media (Sigma Aldrich) supplemented with 1% penicillinestrepto-
mycin, 50 mU insulin, and 2.5nM DEX. The tissue was then minced
into small pieces and placed in an incubator at 37�C in 5% CO2 for
24 h. After 24 h, the media was removed and replaced with fresh
media containing 500 mg/mL of the ginseng extracts. This concen-
tration of ginseng was selected following a doseeresponse pilot
study in culturedWATexplants. The control (CTRL) corresponded to
fresh M199 media. Each treatment group had four to six animals.
After an additional 24-h period, tissue was collected, washed with
ice-cold sterile PBS, flash frozen, and stored at �80�C. Total RNA
was extracted from tissue, complementary DNA (cDNA) was pre-
pared, and real-time reverse transcription polymerase chain reac-
tion (RT-PCR) was conducted using the protocols outlined in the
following sections.

2.6. RNA preparation

Total RNA was extracted using the Qiagen RNeasy Mini Kit, ac-
cording to the manufacturer’s protocol (Qiagen, Mississauga, ON,
Canada). RNA was quantified using a NanoDrop 8000 UVeVis
spectrophotometer (Thermo Scientific, Wilmington, DE, USA).

2.7. Real-time RT-PCR

Single-strand cDNAwas synthesized for use in real-time RT-PCR
from 1 mg of total RNA using a high-capacity cDNA kit (Applied
Biosystems, Concord, ON, Canada). All real-time RT-PCR reagents
and plastics were purchased from Bio-Rad (Mississauga, ON, Can-
ada). All primers were designed using the Universal Probe Library
Assay Design Center (Roche Applied Sciences, Table S1 in the sup-
plementary material online). Primer specificity was determined

using the Basic Local Alignment Search Tool (NCBI, Bethesda, MD,
USA) and AutoDimer software [10]. Specific primers and SsoFast
EvaGreen master mix were used to amplify 0.025-mg cDNA. A Bio-
Rad CFX96 PCR detection system was used for amplification, as
previously described [5]. Real-time RT-PCR data were normalized
to the housekeeping gene Rplp0 and analyzed using the DDCT
method. Data are expressed as mean � standard error, where each
treatment was performed in triplicate.

2.8. Statistical analyses

Statistical analyses were performed using GraphPad Prism 6
software (La Jolla, CA, USA). A one-way analysis of variance
(ANOVA) was first used to determine differences within an exper-
iment. If the ANOVA achieved statistical significance (p < 0.05), we
subsequently performed post hoc Student t tests. A p value < 0.05
was considered statistically significant.

3. Results

3.1. Ginseng extracts and inflammatory gene expression in
adipocytes and macrophages

In Study A1, we treated differentiated adipocytes with either the
AQ or EtOH ginseng extracts for 48 h and then examined inflam-
matory gene expression. Neither ginseng extract influenced
adipocyte differentiation, as reflected by a lack of change in Ppar-g
expression (Fig. 1). Although the EtOH extract did not influence
inflammatory gene expression, the AQ extract caused an approxi-
mately 11-fold increase in Mcp1 (p ¼ 0.02) and an approximately
10-fold increase in Ccl5 (p ¼ 0.003) expression (Fig. 1). The ginseng
extracts had no effect on Nf-kb expression (Fig. 1) and we were
unable to detect Tnf-a expression (data not shown).

The ginseng extracts caused a similar trend in inflammatory
gene expression in macrophages (Study M1). Macrophages treated
for 24 h with the AQ extract experienced an approximately 16-fold
increase in Mcp1 (p < 0.001) and a 2.4-fold increase in Ccl5
(p ¼ 0.001) expression, whereas the EtOH extract had no effect
(Fig. 2). Although no changes were detected in Nf-kb expression
with either ginseng extract (data not shown), a trend for increased
Tnf-a expression was observed with the AQ extract (1.9-fold,
p¼ 0.3). We also examinedNos2 and Arg1 gene expression to assess
macrophage phenotype. Previous reports indicate that high Nos2/
low Arg1 expression is indicative of classically activated macro-
phages, whereas the opposite expression pattern reflects alterna-
tively activated macrophages [11]. We found that the AQ extract
caused an approximately 11-fold increase in Nos2 expression
(p¼ 0.004, Fig. 2), whereas Arg1was not detected (data not shown).
Overall, this suggests that the macrophages have a more classical,
proinflammatory phenotype. By contrast, the EtOH extract had no
effect on the expression of any of the genes examined.

3.2. Adipocyteemacrophage crosstalk: role of macrophages

We conducted two studies to examine whether conditioned
media from macrophages treated with ginseng extracts could in-
fluence adipocyte inflammatory gene expression (Studies A3 and
A4). First, in Study A3, we transferred the macrophage-conditioned
media (MCMs) from Study M1 onto differentiated adipocytes and
compared their effects on inflammatory gene expression to adi-
pocytes cultured in serum-free media. The three MCMs (i.e., CTRL
MCM, AQ MCM, and EtOH MCM) all caused significant increases in
Mcp1, Ccl5, and Nf-kb expression compared with adipocytes
cultured in serum-free media (Fig. 3). This demonstrates that
macrophages, independent of ginseng, are able to activate
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adipocyte inflammatory gene expression. However, a difference
between the three MCM treatments was seen with Ccl5 expression
(Fig. 3). Specifically, the AQ MCM treatment caused an approxi-
mately 52,000-fold increase in Ccl5 adipocyte gene expression

compared with adipocytes cultured in serum-free media, whereas
the EtOH MCM treatment caused an approximately 15,000-fold
increase. None of the MCM treatments had an effect on Ppar-g
expression compared with adipocytes cultured in serum-free

Fig. 2. Regulation of macrophage inflammatory gene expression (Study M1). Macrophages were treated with either ethanol (EtOH) or aqueous (AQ) ginseng extracts (5 mg/mL) and
the expression of (A) Mcp1, (B) Ccl5, (C) Tnf-a, and (D) Nos2 was examined after 24 h. Fold changes are relative to the serum-free media control (indicated by the dotted line at 1.0).
Experiments were conducted in triplicate. * Indicates p < 0.05 compared with the serum-free media control.

Fig. 1. Regulation of adipocyte inflammatory gene expression (Study A1). Adipocytes were treated with either ethanol (EtOH) or aqueous (AQ) ginseng extracts (5 mg/mL) and the
expression of (A) Mcp1, (B) Ccl5, and (C) Nf-kb was examined after 48 h. (D) Ppar-g was used as a marker of adipocyte differentiation. Fold changes are relative to the serum-free
media control (indicated by the dotted line at 1.0). Experiments were conducted in triplicate. * Indicates p < 0.05 compared with the serum-free media control.
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media; however, the AQ MCM treatment decreased Ppar-g
expression compared with the other MCM treatments (Fig. 3).
Given possible changes in Ppar-g, we also examined Fabp4 (another
marker of adipocyte differentiation). The Fabp4 expression showed
a similar trend with the AQMCM as that seenwith Ppar-g (data not
shown).

Study A3 suggested differential effects between conditioned
media from macrophages treated with either AQ or EtOH extracts;
however, a limitation was that the collected MCM still contained
the ginseng extracts. To eliminate this confounder, we subsequently
performed Study A4. In Study A4, adipocytes were treated with
conditioned media from macrophages pretreated with ginseng
extracts. Similar to results of Study A3, we found that all three
MCMs (i.e., CTRL, AQ, and EtOH) caused a significant increase in
adipocyte Mcp1 and Ccl5 gene expression compared with adipo-
cytes cultured in serum-free media (Fig. 4); however, there was no
significant difference between the three MCM treatments. No
changes were seen in Nf-kb expression between the MCM treat-
ments and adipocytes cultured in serum-free media. However, the
AQ MCM treatment caused a significant 1.8-fold decrease in Ppar-g
expression (p < 0.001, Fig. 4) compared with the CTRL and EtOH
MCMs as well as adipocytes cultured in serum-free media. We did
not observe changes in Fabp4 expression (data not shown).

3.3. Adipocyteemacrophage crosstalk: role of adipocytes

We next examined whether conditioned media from adipocytes
treated with ginseng extracts could influence macrophage inflam-
matory gene expression (Studies M3 and M4). First, we transferred

the adipocyte-conditioned media (ACMs) from Study A1 onto
macrophages and compared their effects on inflammatory gene
expression to macrophages cultured in serum-free media. Overall,
the AQ ACM treatment induced macrophage inflammatory gene
expression (Fig. 5). Specifically, the AQ ACM caused an approxi-
mately 25-fold increase in Mcp1 and an approximately 68-fold in-
crease in Nos2 gene expression, compared with both the other ACM
treatments and macrophages cultured in serum-free media (Fig. 5).
Although not statistically significant, a trend for increased expres-
sion of macrophage Ccl5 and Tnf-a expression was also seen
following AQ ACM treatment. The CTRL and EtOH ACMs had no
effect on Mcp1, Ccl5, and Tnf-a expression compared with macro-
phages cultured in serum-free conditions. By contrast, the CTRL and
EtOH ACMs acted similarly to reduce macrophage Nos2 gene
expression by approximately 10-fold and approximately sevenfold,
respectively, compared with macrophages cultured in serum-free
media (Fig. 5). Arg1 expression was assessed in all treatment
groups, but not detected (data not shown). Together, this suggests
that the AQ ACM may induce a more classical, proinflammatory
phenotype in macrophages, whereas the EtOH ACM may induce a
more alternative, less inflammatory phenotype.

Study M3 suggested that conditioned media from adipocytes
treated with the AQ extract may promote an inflammatory
phenotype in macrophages. However, similar to Study A3, the
ginseng extracts were still present in ACMs and are therefore a
confounder. In Study M4, macrophages were treated with ACM
from adipocytes pretreated with ginseng extracts, and inflamma-
tory gene expression was compared with macrophages cultured in
serum-free media. The EtOH ACM reduced macrophage Mcp1, Ccl5,

Fig. 3. Regulation of inflammatory gene expression in adipocytes treated with macrophage-conditioned media (MCMs; Study A3). Macrophages were treated with either ethanol
(EtOH) or aqueous (AQ) ginseng extracts (5 mg/mL) or control (CTRL) media for 24 h and then MCMs were collected. The expression of (A)Mcp1, (B) Ccl5, and (C) Nf-kbwas examined
in adipocytes after 48-h treatment with MCMs. (D) Ppar-g was used as a marker of adipocyte differentiation. Fold changes are relative to adipocytes cultured in serum-free media
(indicated by the dotted line at 1.0, visible when the scale permits). Experiments were conducted in triplicate. * Indicates p < 0.05 compared with adipocytes cultured in serum-free
media. Bars not sharing the same letter indicate MCM treatments that were significantly different from each other (p < 0.05), as determined by post hoc tests.
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Tnf-a, and Nos2 gene expression similar to macrophages treated
with CTRL ACM; however, the AQ ACM had distinct effects for the
most part (Fig. 6). The AQ ACM only caused a significant decrease in
Ccl5 expression compared with macrophages cultured in serum-
free media, whereas no changes were seen in Mcp1, Tnf-a, and
Nos2 expression. Further, Tnf-a and Nos2 expression differed
significantly between the AQ ACM and EtOH ACM treatments. This
suggests that pretreating adipocytes for 24 h with the AQ extract
led to changes in the secretion profile that lasted into the second
24-h period. Similar to Study M3, Arg1 expression was assessed for
all treatment groups, but not detected (data not shown).

3.4. NA ginseng extracts regulate inflammatory gene expression in
a WAT-specific manner

The aforementioned cell culture studies showed that the AQ
extract has direct effects on both adipocyte and macrophage in-
flammatory gene expression. Moreover, it appears that the AQ
extract alters the secretion profile of both cell types, thereby
regulating the paracrine dialog between adipocytes and macro-
phages that controls inflammatory gene expression. We next
examined whether the inflammatory effects seen in cells are
similarly seen in EWATand SWAT fat pads.We chose to study EWAT
and SWAT due to documented differences in the production of
proinflammatory adipokines between these two fat depots [12,13].
As shown in Fig. 7, we found that the AQ extract caused significant
increases in all inflammatory genes examined in EWAT compared
with the EtOH extract. Specifically, we detected increases of
approximately 14-fold, 29-fold, and 20-fold in the EWATexpression

of Mcp1, Ccl5, and Nos2, respectively. In addition, we were able to
detect a significant 35-fold increase in Il-6 expression in EWAT
treated with the AQ extract. These changes were not observed in
SWAT. The Tnf-a and Arg1 expressions were also assessed; however,
no changes were seen compared with the control condition (data
not shown). Similar to observations in cell culture studies, the EtOH
extract had no effect on inflammatory gene expression in either
adipose depot.

4. Discussion

Findings from this study indicate that the AQ ginseng extract
from NA ginseng appears to induce inflammatory gene expression
in adipocytes and macrophages, as well as EWAT. By contrast, the
EtOH ginseng extract had negligible effects on inflammatory gene
expression in both cellular and tissue models. Crosstalk studies
demonstrated an important paracrine dialog between adipocytes
and macrophages that seemingly amplifies the proinflammatory
potential of the AQ extract. Further, results from the different
crosstalk studies suggest that the AQ extract has a lasting effect on
adipocyte and macrophage secretion profiles. Along these lines, we
showed that the AQ extract may induce a more classical phenotype
in macrophages. Taken together, our results demonstrate that the
AQ extract of NA ginseng regulates inflammatory gene expression
directly in adipocytes and macrophages as well as by altering the
paracrine dialog between these two cell types.

Communication between adipocytes and macrophages plays a
critical role in the regulation of WAT function, in particular, with
regard to inflammation [2,14]. For example, TNF-a secretion from

Fig. 4. Regulation of inflammatory gene expression in adipocytes treated with macrophage-conditioned media (MCMs; Study A4). Macrophages were pretreated with either
ethanol (EtOH) or aqueous (AQ) ginseng extracts (5 mg/mL) or control (CTRL) media for 12 h and then the MCMs were collected after a second 12-h period. The expression of (A)
Mcp1, (B) Ccl5, and (C) Nf-kb was examined in adipocytes after 48-h treatment with MCMs. (D) Ppar-g was used as a marker of adipocyte differentiation. Fold changes are relative to
adipocytes cultured in serum-free media (indicated by the dotted line at 1.0, visible when the scale permits). Experiments were conducted in triplicate. * Indicates p < 0.05
compared with adipocytes cultured in serum-free media. Bars not sharing the same letter indicate MCM treatments that were significantly different from each other (p < 0.05), as
determined by post hoc tests.
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macrophages can induce adipocyte inflammatory signaling path-
ways [15], whereas the release of saturated fatty acids from adi-
pocytes triggers an increase in macrophage TNF-a secretion [16].
Furthermore, the secretion of various chemokines such as MCP1
and chemokine (CeC motif) ligand 5 (CCL5) from adipocytes causes
immune cell recruitment into WAT [16]. Consequently, increased
WAT inflammation promotes insulin resistance, ectopic lipid
deposition, and the dysfunction of numerous metabolic processes
throughout the body. Therefore, compounds that regulate this
cellular crosstalk may have an important influence on tissue
function.

We previously showed that treating adipocytes with 50 mg/mL
of the AQ extract triggered a proinflammatory gene expression
network that was, in part, mediated by TLR4 [5]. However, this
higher dose of the AQ extract was found to cause cytotoxicity in
macrophages (data not shown); therefore, this study used a lower
dose of ginseng extracts (5 mg/mL) for consistency across all cell-
based studies. Despite the lower dose, we observed increases in
inflammatory gene expression in both adipocytes (e.g., Mcp1 and
Ccl5) and macrophages (e.g., Mcp1, Ccl5, Tnf-a, Nos2). Notably, the
significant increase in Nos2 expression seen in macrophages
treated with the AQ extract, coupled with the inability to detect
Arg1, suggests a more classical macrophage phenotype [17]. Future
studies examining how NA ginseng regulates macrophage pheno-
type in vivo will provide additional insights into the immunoreg-
ulatory functions of this commonly used NHP.

We next explored whether ginseng extracts regulated adipo-
cyteemacrophage crosstalk. We first examined whether condi-
tioned media from ginseng-treated macrophages influenced

adipocyte inflammatory gene expression (Studies A3 and A4). In
our first set of experiments (Study A3), adipocytes were treated
with MCMs collected from macrophages treated for 24 h with the
ginseng extracts. It is noteworthy that in these first experiments,
the MCMs still contained the ginseng extracts. Thus, it was not
possible to conclude whether changes in adipocyte inflammatory
gene expression stemmed directly from the presence of ginseng
extracts or indirectly from changes in macrophage secretion pro-
files or a combination of both. Despite this limitation, this first
study was highly informative. First, in comparison with adipocytes
treated with serum-free media, all three MCM conditions (CTRL,
AQ, and EtOH) caused highly significant increases in adipocyte in-
flammatory gene expression (Fig. 3). This indicated that macro-
phages release compounds that induce adipocyte inflammatory
gene expression independent of ginseng. Although a trend for
increased expression of Mcp1, Ccl5, and Nf-kb was seen in adipo-
cytes treated with AQ MCM, statistical differences between the
three MCM treatments were only detected for CCL5. Incredibly, the
AQ MCM treatment led to a massive 52,000-fold increase in
adipocyte Ccl5 expression (Fig. 3). The ramifications of such an in-
crease are unclear; however, CCL5 was previously shown to play a
role in T-cell recruitment [18].

To clarify whether the aforementioned effects were due to the
presence of the AQ extract in the MCM or changes in the macro-
phage secretion profile, or a combination of both, we next con-
ducted studies using MCM from macrophages pretreated with the
ginseng extracts (Study A4). In other words, these macrophages
were treated with ginseng extracts for 12 h, the ginseng-containing
media were removed, and fresh media without ginseng was added

Fig. 5. Regulation of inflammatory gene expression in macrophages treated with adipocyte-conditioned media (ACMs; Study M3). Adipocytes were treated with either ethanol
(EtOH) or aqueous (AQ) ginseng extracts (5 mg/mL) or control (CTRL) media for 48 h and then ACMs were collected. The expression of (A) Mcp1, (B) Ccl5, (C) Tnf-a, and (D) Nos2 was
examined in macrophages after 24-h treatment with ACMs. Fold changes are relative to macrophages cultured in serum-free media (indicated by the dotted line at 1.0, visible when
the scale permits). Experiments were conducted in triplicate. * Indicates p < 0.05 compared with macrophages cultured in serum-free media. Bars not sharing the same letter
indicate ACM treatments that were significantly different from each other (p < 0.05), as determined by post hoc tests.
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for another 12 h. This approach enabled us to delineate whether
ginseng extracts influenced adipocyte inflammation by modifying
the macrophage secretion profile. Our results suggested that MCM
from macrophages pretreated with the AQ extract did not have
lasting effects on adipocyte inflammatory gene expression
comparedwith CTRL or EtOH treatments. However, it is noteworthy
to highlight the dramatically lower-fold changes observed in Study
A4 (Fig. 4) compared with those in Study A3 (Fig. 3). We suspect
that this is due to the fact that macrophage-secreted proteins
accumulated in media for two times as long in Study A3 (24 h)
compared with Study A4 (12 h).

One intriguing finding from these MCM studies was the effect of
the AQ extract on adipocyte Ppar-g expression. In both Studies A3
and A4, we found that AQ MCM reduced Ppar-g expression (Figs. 3
and 4). This finding is unique to the AQ treatment group, thereby
indicating that this effect is not caused by something that is
constitutively secreted by macrophages. Rather, this implies that
the AQ extract is causing macrophages to release a protein that
downregulates adipocyte Ppar-g expression. Further, the effect of
the AQ extract on the macrophage secretion profile persists for at
least 12 h following treatment, because the reduction in Ppar-g
expressionwas also observed in Study A4. Constituents of P. ginseng
were previously reported to suppress Ppar-g expression in adipo-
cytes [19,20]. However, whether the reduction in Ppar-g expression
observed in this study is influencing adipocyte differentiation is
questionable given that we did not see changes in Fabp4 expression
in Study A4, which is another classical marker of differentiation
(data not shown). Because peroxisome proliferator-activated re-
ceptor-g (PPAR-g) is a critical transcription factor in adipocytes that

regulates numerous biological processes, subsequent studies are
required to understand the consequences of the reduced adipocyte
Ppar-g expression caused by AQ MCM.

We also explored whether conditioned media from ginseng-
treated adipocytes influenced macrophage inflammatory gene
expression (Studies M3 and M4). Similar to Study A3, it is note-
worthy that ginseng extracts were still present in ACMs when
applied to macrophages in Study M3; therefore, this study pre-
cluded us from determining whether changes in macrophage gene
expression stemmed directly from the presence of ginseng extracts
or by modifications to the adipocyte secretion profiles or a com-
bination of both. Neither the CTRL nor the EtOH ACMs had any
effect on the macrophages expression of Mcp1, Ccl5, or Tnf-a
compared with macrophages in serum-free media (Fig. 5). Inter-
estingly, both these conditions caused a significant reduction in
macrophage Nos2 expression, suggesting that noninflammatory
adipocytes can help maintain a more alternative macrophage
phenotype. By contrast, the AQ ACM caused a significant increase in
Mcp1 expression and trends for increases in Ccl5 and Tnf-a
expression (Fig. 5). Furthermore, the AQ ACM caused a highly sig-
nificant increase in macrophage Nos2 expression, suggesting a
more classical proinflammatory macrophage phenotype. We sub-
sequently examined whether the observed effects were caused
directly by the presence of the AQ extract or indirectly by AQ-
mediated changes in the adipocyte secretion profile (Study M4).
The effects of the CTRL and EtOH treatments in StudyM4 resembled
those seen in Study M3, that is, that the CTRL and EtOH ACM
treatments similarly reduced macrophage inflammatory gene
expression compared with macrophages cultured in serum-free

Fig. 6. Regulation of inflammatory gene expression in macrophages treated with adipocyte-conditioned media (ACMs; Study M4). Adipocytes were pretreated with either ethanol
(EtOH) or aqueous (AQ) ginseng extracts (5 mg/mL) or control (CTRL) media for 24 h and then ACMs were collected after a second 24-h period. The expression of (A) Mcp1, (B) Ccl5,
(C) Tnf-a, and (D) Nos2 was examined in macrophages after 24-h treatment with ACMs. Fold changes are relative to macrophages cultured in serum-free media (indicated by the
dotted line at 1.0, visible when the scale permits). Experiments were conducted in triplicate. * Indicates p < 0.05 compared with macrophages cultured in serum-free media. Bars
not sharing the same letter indicate ACM treatments that were significantly different from each other (p < 0.05), as determined by post hoc tests.
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media. By contrast, the effects of the AQ ACM differed significantly
from those of the CTRL and EtOH treatments and generally did not
cause a reduction in macrophage inflammatory gene expression
(Fig. 6). This suggests that the effects of the AQ extract on the
adipocyte secretion profile lasted 24 h. The notion that experi-
mental treatments may have a lasting effect on secretion profiles
after their removal has been previously demonstrated in adipo-
cyteemuscle crosstalk studies [21].

Consistent with our cell studies, we also found that the AQ
extract activated inflammatory gene expression in murine WAT,
whereas the EtOH extract had no effect. Specifically, we have
shown that the AQ extract caused strong increases in the expres-
sion of Mcp1, Ccl5, Nos2, and Il-6 in EWAT, but not in SWAT (Fig. 7).
This is particularly noteworthy given the strong relationship that
exists between visceral adipose tissue inflammation and metabolic

dysfunction [13,22,23]. Furthermore, EWAT contains more resident
macrophages compared with SWAT [24], which is relevant given
our findings that the AQ extract influences adipocyteemacrophage
crosstalk and may induce a classical macrophage phenotype.
Finally, previous reports have demonstrated that visceral fat is
more responsive to regulation by exogenous factors, including
nutrients [25] and NHPs [26]. Collectively, this suggests that the AQ
ginseng extract may have significant effects on metabolic health by
differentially regulating inflammatory gene expression in different
WAT depots.

In conclusion, we show that the AQ extract of NA ginseng
induced inflammatory gene expression in both adipocytes and
macrophages, as well as in EWAT. The primary challenge moving
forward will be to identify the proteins secreted from adipocytes
andmacrophages that are changed by the AQ extract. Moreover, we

Fig. 7. Regulation of inflammatory gene expression in different white adipose tissue (WAT) depots. Epididymal WAT (EWAT) and abdominal inguinal WAT (SWAT) were treated with
either ethanol (EtOH) or aqueous (AQ) ginseng extracts (500 mg/mL) for 24 h. The expression of Mcp1, Ccl5, Nos2, and Il-6 was examined in each depot. Fold changes are relative to
the control (CTRL) condition. Each treatment group contained four to six animals. * Indicates p < 0.05 compared with CTRL.
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cannot exclude the possibility that cell metabolites may also
contribute to the regulation of inflammatory gene expression.
Therefore, comprehensive analyses of secretion media are required
to further our understanding of the mechanism(s) regulated by the
AQ extract and how this influences adipocyteemacrophage cross-
talk. Furthermore, our data demonstrate a clear induction of in-
flammatory gene expression in EWAT; however, conducting future
studies in primary cells isolated from the different adipose depots
will provide a logical continuum to the cell-based studies presented
here. Finally, we have performed short-term treatments in this
study. Performing longer studies in which the various ginseng ex-
tracts are administered chronically will enable us to determine
whether the AQ extract leads to the development of metabolic
dysfunction. Such studies are imperative to better understand the
inflammo-regulatory role of NA ginseng on cellular communication
and, ultimately, adipose tissue function.
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