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ABSTRACT

INTRODUCTION: Synthesis and secretion of many inflammatory factors increase with oxidative stimu-
lation and the activity of many transcription factors that regulate synthesis of inflammatory cytokines is in-
fluenced by the redox condition in the cell.

AIM: The aim of the current study was to investigate the effects of aqueous-alcoholic agrimony extract on
interleukin 6 (IL-6) and monocyte chemoattractant protein-1 (MCP-1) gene expression levels in cultured
preadipocytes under induced oxidative stress conditions.

MATERIALS AND METHODS: To determine the possible adaptogenic potential of agrimony extract
treatment on gene expression, preadipocytes were incubated in a medium containing different amounts
of agrimony extract. Tert-butyl hydroperoxide was used to provoke oxidative response in treated cells. Ex-
pression of selected genes was measured using two step quantitative PCR. Results were analyzed using the
244 method.

RESULTS: Incubation of preadypocytes with 2.5% agrimony extract resulted in a significant decrease in
mRNA levels of MCP-1. Significant increase in IL-6 transcription levels was detected in the cells incubated
with 1.25% and 2.5% agrimony extract. Pre-incubation of the cells with agrimony extract prevented subse-
quent oxidative induced stimulation of MCP-1 gene expression. Oxidative provocation appeared to decrease
the stimulatory activity of agrimony on IL-6 gene expression.

CONCLUSION: Agrimony extract appeared to
have adaptogenic potential in 3T3-L1 preadipo-
cytes, as revealed by inhibition of MCP-1 transcrip-
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INTRODUCTION

As a result of the increasing obesity and related
metabolic disorders all over the world, many stud-
ies are focused on adipose tissue. Although there are
differences between adipogenesis in mice and hu-
mans (1), a lot of studies are performed on a mu-
rine preadipocyte cell line 3T3-L1 as a useful mod-
el system. It is known that obesity is accompanied
by macrophage adipose tissue infiltration (2), and
macrophage-secreted inflammatory cytokines, such
as interleukin 6 (IL-6) and monocyte chemoattrac-
tant protein-1 (MCP-1), affect the metabolism of ad-
ipocytes. Hence, it is important to study the behav-
ior of this type of cells under the influence of vari-
ous stimuli. A cause of systemic chronic inflamma-
tion in obesity, for example, can be oxidative stress
(3). It is known that the synthesis and secretion of
many inflammatory factors increases with oxidative
stimulation and the activity of many transcription
factors such as nuclear factor-kB (NF-kB), activator
protein-1 (AP-1), ARE/EpRE (Antioxidant Response
Element/Electrophile Response Element) that reg-
ulate synthesis of inflammatory cytokines, such as
MCP-1, IL-6, tumor necrosis factor a (TNF-a), C-re-
active protein (CRP), etc., is influenced by the redox
condition in the cell. Reactive oxygen species (ROS)
may affect gene expression either by direct interac-
tion and modification of the activity of various en-
zymes and signal molecules, or by altering the redox
state in the cell.

IL-6 is considered to be a stress-induced cy-
tokine with varying effects on different tissues In-
creased IL-6 levels highly correlate with body mass,
hence IL-6 is regarded as a hallmark of chronic in-
flammation accompanying obesity, preceding meta-
bolic diseases, such as insulin resistance, type 2 di-
abetes mellitus, atherosclerosis, and cardiovascular
disease (4,5). MCP-1 expression could be upregulated
following different pro-inflammatory stimuli (6,7).
The overproduction of MCP-1 is linked to a decrease
in PPARYy expression, thus leading to enhanced insu-
lin resistance of adipocytes (8,9).

Agrimonia eupatoria L. (agrimony) is a me-
dicinal plant rich in tannins, flavonoids and phe-
nolic acids and it is widely used by folk medicine in
many countries. High correlation between polyphe-
nolic content and total antioxidant activity has been

demonstrated in aqueous-alcoholic agrimony ex-
tracts (10,11). It is considered that chronic intake of
certain herbal products may affect human capacity
to adapt to inflammatory stimuli from the environ-
ment, boosting this way the immune system to re-
sist to infections or other unfavorable stress condi-
tions. Possibly these plant effects are mediated by the
effects that plant products have on gene expression
levels, including the expression of different stress-in-
duced cytokines and leading to the adaptation of the
human organism to changes in the environment. In
this respect, it could be assumed that different plant
products have adaptogenic potential with regard to
human metabolism adaptation. Few studies only
(12) discuss plant product effects from this point of
view. Studies of the adaptogenic potential of medici-
nal plants in cell cultures are almost absent, as well as
those examining the molecular mechanisms of this
adaptation.

AIM

The aim of the current study was to investigate
the possible adaptogenic potential of aqueous-alco-
holic agrimony extract on the IL-6 and MCP-1 gene
expression levels in cultured preadipocytes under in-
duced oxidative stress conditions.

MATERIALS AND METHODS
Plant Material and Extraction Procedure

Powdered dry plant material (150 mg) was ex-
tracted by three minutes of continuous vortexing at
room temperature in 40% (v/v) ethanol/phosphate-
buffered saline (PBS). The combined supernatants
from three subsequent extractions were diluted to 15
ml with PBS. For cell treatment, further dilutions of
the extract were prepared as follows: 25 pl and 50 pl
of extract were dissolved to a final volume of 2 ml in
phenol red free DMEM to a final content of the ex-
tract in the treatment medium of 1.25% and 2.5%, re-
spectively. According to previous data on the same
type of agrimony extract (13), we calculated that
treatment media contained approximate polyphe-
nols in final concentrations of 26.54 uM and 53.08
1M, respectively. Control ethanol solutions were pre-
pared as follows: 25 pl and 50 pl 40% (v/v) of ethanol/
PBS solution were dissolved to a final volume of 2 ml
in phenol red free DMEM to a final content in the
treatment medium of 1.25% and 2.5%, respectively.
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Cell Culture

3T3-L1 cells were obtained from the Ameri-
can Type Culture Collection (ATCC). Preadipocytes
were cultured in 75 cm? flasks at 37°C in a humidi-
fied chamber with 5% CO, atmosphere. Nutrient me-
dium comprised phenol red-containing Dulbecco’s
modified Eagle’s medium (DMEM, Lonza) with 4.5
g/L glucose, L-glutamine and supplemented with fe-
tal bovine serum (FBS, Sigma-Aldrich) to final con-
centration 10% and penicillin/streptomycin mixture
to final concentration 100U/ml of each.

Experimental Procedure

Cells were collected and seeded in six well flasks
at density 2x10° cells/well. To determine the effect of
agrimony extract (AE) treatment on gene expression
in standard conditions, 3T3-L1 preadipocytes were
incubated for 24 h in a medium containing different
amounts of AE. Non-treated cells, incubated for the
same time period in the nutrient medium, were used
as a control group. In another experiment 50-100
uM tert-butyl hydroperoxide (--ButOOH) was used
to provoke oxidative response in treated for 24 hours
cells to study the expression of the genes under in-
vestigation. Non-treated cells, incubated for the same
time period in the nutrient medium were used as a
control group. To study the possible adaptogenic po-
tential of the herb in condition of oxidative stimula-
tion, cells were incubated with AE for 24 h, then nu-
trient medium was removed and the cells were incu-
bated for another 24 h in a medium containing ¢-Bu-
tOOH to a final concentration of 100uM. As a con-
trol group for gene expression analysis, cells incubat-
ed with only -ButOOH were used.

Gene Expression Analysis

RNA extraction, copy DNA synthesis and
quantitative Real-Time PCR gene expression anal-
yses were performed as previously described (14).
Primer sets were as follows: actin beta - forward AC-
GGCCAGGTCATCACTATTG, probe FAM-AC-
GAGCGGTTCCGATGCCCTG-TAMRA, reverse
CAAGAAGGAAGGCTGGAAAAG; MCP-1 - for-
ward GGCTCAGCCAGATGCAGTTAA, probe
FAM-CCCCACTCACCTGCTGCTACTCATTCA-
TAMRA, reverse CCTACTCATTGGGAT-
CATCTTGCT; IL-6 forward GAGTTGTGCAATG-
GCAATTCTG, reverse GCAAGTGCATCATC-
GTTGTTCAT. Actin beta was used as an endoge-

nous control. MCP-1 gene expression was analyzed
with Maxima Probe/ROX qPCR Master Mix (Fer-
mentas) and IL-6 gene expression - with GreenMas-
terMix (Genaxxon). Gene expression levels are pre-
sented in relative units and were calculated accord-
ing to the 244 method (15).

Statistical Analysis

Statistical analyses were performed using Mi-
crosoft Excel Office 2013 software. Variation analy-
ses for evaluation of quantitative variables were ap-
plied. Differences between the means of the two
groups were analyzed by unpaired two-tailed Stu-
dent’s t-tests. P value<0.05 was considered as statis-
tically significant.

RESULTS

MCP-1 and IL-6 mRNA levels in the cells in-
cubated with 50 uM t-ButOOH were not affected,
whereas 75 UM (p<0.05) and 100 uM (p<0.01) of t-
ButOOH significantly increased MCP-1 mRNA lev-
els by 27% and 154%, respectively, as compared to
untreated control cells (Fig. 1). While IL-6 mRNA
levels were not affected significantly in cells incu-
bated with 50 uM and 75 uM #-ButOOH, incubation
with 100 uM t-ButOOH resulted in 100% (p<0.01)
stimulation of the IL-6 gene expression vs. the un-
treated control cells (Fig. 1).

Incubation of 3T3-L1 cells with 2.5% agrimony
extract resulted in a significant reduction in mRNA
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Fig. 1. Expression levels of MCP-1 and IL-6 in 3T3-LI pre-
adipocytes treated with 50 uM, 75 uM and 100 uM fi-
nal concentration of t-ButOOH in culture medium. *p <
0.05, **p < 0.01 vs. K (0 uM B); Legend: K - untreated cells
(0 uM B), B - tert-Butyl hydroperoxide, t-ButOOH. Gene
expression levels were normalized to non-treated K group,
where gene expression levels were considered to be equal
tol
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levels of MCP-1 by 72% (p<0.01) (figure 2). Signifi-
cant increase in IL-6 transcription levels by 517%
and 4300% were detected in the cells incubated with
1.25% and 2.5% AE, respectively (Fig. 2). As Agrimo-
nia eupatoria extract was obtained with 40% etha-
nol solution, we analyzed the effect of ethanol (E)
separately. Ethanol as a second control, in contrast
to the effect of the herbal extract, increased signifi-
cantly MCP-1 transcription levels by 220% - 277%
in cells incubated with AE 1.25% and AE 2.5% (Fig.
2). Similar effect was observed for IL-6 mRNA levels
increased by 77% (p<0.01) by ethanol in cells treated
with E 1.25% and E 2.5% (Fig. 2).

] ] a4
1
mi
&,
i
=
b
= -
- 1]
m
MR ETMULD ASTLEPEALL SN N KL

Fig. 2. Expression levels of MCP-1 and IL-6 in 3T3-L1
preadipocytes upon treatment with increasing concentra-
tions Agrimonia eupatoria extract. K - untreated cells;
AE 1.25% - cells incubated in 1.25% extract; AE 2.5% -
cells incubated in 2.5% extract; E 1.25% - cells incubated
in ethanol solution as control for AE 1.25%; E 2.5% - cells
incubated in ethanol solution as control for AE 2.5%. *p <
0.05, **p < 0.01, **p < 0.001 vs. K; Legend: AE — Agrimo-
nia eupatoria extract, E — ethanol. Gene expression levels
were normalized to non-treated K group, where gene ex-
pression levels were considered to be equal to 1

In order to assess the possible adaptogenic po-
tential of AE in conditions of oxidative stimulation,
we performed 24-hour pre-treatment of cells with
AE, followed by oxidative stimulation with 100 uM t-
ButOOH for another 24 h. Pre-incubation of the cells
with agrimony extract prevented subsequent t-Bu-
tOOH-induced stimulation of MCP-1 gene expres-
sion (Fig. 3). Transcription levels of MCP-1 were re-
duced by AE pre-treatment by 1.25% and 2.5%, ex-
tracts by 30% (p<0.05) and 68% (p<0.01), respective-
ly. Interestingly, oxidative provocation appeared to
decrease the stimulatory activity of AE on IL-6 gene
expression. In 1.25% and 2.5% AE of the pre-treat-
ed cells the levels of this inhibition were 63.7% and
85.3%, respectively (Fig. 3).
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Fig. 3. Expression levels of MCP-1 and IL-6 in oxidative-
ly stimulated 3T3-L1 preadipocytes pre-treated with Agri-
monia eupatoria extract. B - cells incubated with 100uM

t-ButOOH; B+AE 1.25% - cells pre-treated with 1.25%

extract followed by stimulation with 100uM t-ButOOH;
B+AE 2.5% - cells pre-treated with 2.5% extract followed
by stimulation with 100uM t-ButOOH; B+E 1.25% - cells
pre-treated with ethanol solution as control for AE 1.25%

followed by stimulation with 100uM t-ButOOH; B+E
2.5% - cells pre-treated with ethanol solution as control for
AE 2.5% followed by stimulation with 100uM t-ButOOH.
**p<0.001, *p<0.01, *p<0.05 vs. B. Legend: B - tert-Bu-
tyl hydroperoxide, t-ButOOH, AE - Agrimonia eupatoria
extract, E - ethanol. Gene expression levels were normal-
ized to B group, where gene expression levels were consid-

ered to be equal to 1

DISCUSSION

Nowadays it is known that transcriptional con-
trol of some inflammatory factors is redox sensitive
(16). In the promoters of certain genes there are reg-
ulatory regions for binding the transcription factors,
such as NF-kB and AP-1, and their activation is asso-
ciated with ROS-dependent induction of proinflam-
matory factors (17). As mentioned above, application
of the oxidative agent -ButOOH showed stimulato-
ry effects on proinflammatory MCP-1 and IL-6 gene
expression in 3T3-L1 preadipocytes. Similar results
for induction by an oxidant were reported in other
studies where expression and secretion of IL-6 in-
creased in 3T3-L1 adipocytes treated with H,O, (18).
The observation could be explained by the assump-
tion that some oxidative stimuli can induce the NF-
kB transcription factor activation and this is sup-
ported by the findings that oxidative stress is accom-
panying inflammatory response.

10
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In our study a significant inhibitory effect of
AE on MCP-1 transcription was found both in non-
stimulated and oxidatively treated cells. The inhibi-
tory effect on MCP-1 expression has been described
for a number of different plant extracts (19). Similar
effect was shown to be a result of the activation of
NF-kB mediated signaling pathway (21,21). Querce-
tin, the most common polyphenol, for example, was
found to inhibit activation of promoters contain-
ing AP-1 and NF-xB-binding consensus sequences
(22). Inhibition of NF-kB by quercetin is likely to be
due to antioxidant properties as well as to the abili-
ty of quercetin to inhibit certain protein kinases (23).
Other authors, such as Lampronti and co-authors
(24,25) established that some of the extracts can in-
hibit the interaction between transcription factors
and DNA directly. Inhibition of the ability of the ox-
idizing agent to stimulate inflammatory response as
indicated by elevated levels of MCP-1 mRNA by AE
reveals a possible adaptogenic potential of the herb.
Pre-treatment with AE provides phytochemicals to
the cells, which have the ability to influence cellular
metabolism in a way that the cells become less sus-
ceptible to oxidative environment, associated with
inflammatory response. As a result, less prominent
inflammatory response, as indicated by less affected
MCP-1 gene expression was detected in this exper-
iment. Pre-treatment of 3T3-L1 preadipocytes with
AE reduced the inducing effect of the oxidative stim-
ulus on MCP-1 expression. Similar results are report-
ed by other authors (26). Possible explanation for this
effect of AE is the manifestation of antioxidant prop-
erties of plant compounds, directly involved in re-
action with the oxidizing agent, thus decreasing its
stimulatory effect on NF-kB mediated transcription
of MCP-1.

Administration of AE on 3T3-L1 cells, contrary
to our expectations, significantly stimulated IL-6 ex-
pression and the effect was concentration dependent.
In the literature, little data about the inhibitory effect
of various plant extracts on IL-6 expression could be
found and these studies are usually aimed at demon-
stration of the anti-inflammatory activity of plants
(27). Both MCP-1 and IL-6 are regulated by NF-kB
transcription factor. Since the mechanism of NF-
kB mediated regulation is quite complex and prob-
ably depends on the cooperative action of more than
one transcription factor (28), it is difficult to clari-

fy and explain the stimulatory effect of the agrimo-
ny extract on IL-6 expression. In the experiment in
which we combined pre-treatment with AE, followed
by -ButOOH stimulation it appeared that the stim-
ulatory effect of the plant extract on IL-6 gene ex-
pression was silenced by the oxidative agent. Howev-
er, IL-6 mRNA levels are still higher that in the #-Bu-
tOOH treated group. This observation, controversial
at first glance, may indicate that phytochemicals. e.g.
polyphenols, may have participated in reactions of
neutralization of ROS and, respectively, themselves
be “neutralized” during this process. That is how a
lower stimulatory effect in oxidatively treated cell is
established. In contrast to MCP-1 gene behavior, the
manner of alterations in IL-6 gene expression in the
experiment of oxidative stimulation does not speak
of an adaptogenic potential of the agrimony extract.
Possibly, cellular adaptation in such conditions re-
quires involvement of other specific molecules and
the assumptions should not be automatically related
to overall cell behavior.

CONCLUSIONS

Agrimony extract appears to have adaptogen-
ic potential in 3T3-L1 preadipocyte cell culture, as
revealed by its effect on MCP-1 gene expression —
inhibition of transcription in non-stimulated cells
and subsequent prevention of activation by oxida-
tive stimulation with ~ButOOH. Agrimony extract
treatment results in elevated IL-6 expression and the
effect is less prominent when followed by oxidative
treatment.
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