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Abstract
Objectives: Equisetum arvense has long been used
in traditional medicines to treat different disorders,
including bone pathologies. In this study a hydrome-
thanolic extract of E. arvense was assessed for its
effects on human osteoclastogenesis.
Materials and methods: Osteoclast precursors were
maintained in non-stimulated and stimulated (pres-
ence of M-CSF and RANKL) conditions, or in
co-cultures with osteoblasts. Cell cultures were
treated with 0.00016–0.5 mg/ml of a hydromethan-
olic E. arvense extract.
Results: The extract did not affect spontaneous
osteoclastogenesis. In osteoclast precursors commit-
ted to osteoclastogenesis (stimulated or co-cultured
with osteoblasts), E. arvense caused dose-dependent
inhibitory effect that became statistically significant
at concentrations �0.004 mg/ml. This was observed
using different osteoclast differentiation and activa-
tion markers. Cell response was associated with
changes in relative contribution of MEK and NFkB
signalling pathways, as well as PGE2 production. As
there were differences in the response of osteoclast
precursors maintained in the presence of inductive
factors, or co-cultured with osteoblastic cells, it
seems that E. arvense extract had the ability to mod-
ulate osteoclastogenesis, either by acting directly on
osteoclast precursor cells, and/or via osteoblasts.
Conclusions: Equisetum appeared to have a negative
effect on human osteoclastogenesis, which is in line
with its putative beneficial role in pathophysiologi-
cal conditions associated with increased osteoclastic
activity, and might suggest potential utility for treat-
ment with bone regeneration strategies.

Introduction

Equisetum arvense, also known as horsetail, is a pterido-
phyte plant with aerial branched stems and regular ver-
ticilies, and a main stem around 10 mm long and 4 mm
in diameter (1,2). It grows wild and widespread in the
northern hemisphere, particularly in Europe, North and
Central America (1). It grows in moist places in temper-
ate climates (3). Its putative medicinal properties have
been explored since times of the ancient Greeks and
Romans, who used it to treat wounds (3,4). In addition,
it has been included in folk remedies for arthritis, kidney
troubles, bleeding ulcers, hepatitis, jaundice and tubercu-
losis (4,5). Among the living species of this genus, only
E. arvense (as ‘Equiseti herba’) is found in several
European pharmacopoeias (4).

A variety of studies has shown that E. arvense reveals
a variety of potential pharmacological properties that might
help understand its wide application in traditional phyto-
remedies (2–4). These include its use as antiseptic, anti-se-
hypoglicemic, diuretic, anti-inflammatory, antioxidant,
hepatoprotective, vasorelaxant and anti-nociceptive (1–6).
In addition, it has also been observed that it can affect
bone metabolism, helping in the treatment of some bone
disorders, such as osteoporosis, and in healing of osteocy-
tic tissue (3,7–10). It is thought that this characteristic of
E. arvense might be related to its high content of silica, E.
arvense being a plant that contains the highest known con-
centration of this element (11,12). This property, combined
with its antiseptic activity [against several bacterial agents,
including the Staphylococcus aureus (6), the main patho-
gen of bone infections (13)], makes E. arvense a potential,
tool not only in treatment of some bone metabolic diseases
but also in bone regeneration strategies.

Despite its rigid structure, bone is a very dynamic tissue,
being continuously remodelled throughout life. Bone
metabolism is mainly performed by co-ordinated action of
two cell types, bone-synthesizing osteoblasts and bone-
resorbing osteoclasts (14,15). In addition to their established
roles in bone metabolic activities, it is known that there is
abundant cross-talk between both cell types, affecting their
differentiation stages (15,16). In this context, osteoblasts are
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known to be key players in the osteoclastogenic process
(16), specially by synthesis of macrophage-colony stimulat-
ing factor (M-CSF) and receptor activator of nuclear factor-
jB ligand (RANKL), two important factors that promote
osteoclastogenesis in vitro (17,18).

Although there are lines of evidence that point to
potential effects of E. arvense on modulation of bone cell
activity, this issue is far from being fully elucidated.
Recently, we have reported that a hydromethanolic extract
of E. arvense had the ability to stimulate cell viability/pro-
liferation, ALP activity and gene expression of some
osteoblastic markers, in human bone marrow cell cultures,
suggesting a potentially interesting profile regarding bone
regeneration and/or bone disorder contexts (19). The aim
of this work was to proceed further in the characterization
of the E. arvense modulation properties on human bone
cells, by evaluating cellular and molecular effects of the
same hydromethanolic E. arvense extract, on human
osteoclast development. Thus, osteoclast precursor cells
from peripheral blood were exposed to the extract of
E. arvense in the absence or presence of osteoclastogenic
factors (M-CSF and RANKL). Also, effects of the extract
were tested on co-cultures of osteoclast precursors and
human osteoblasts, due to their role also on osteoclasto-
genesis (15,16). Cell cultures were assessed for osteoclast
differentiation and activity. Involvement of MEK and
NFjB signalling pathways and PGE2 synthesis in the
observed osteoclastogenic response was also addressed.

Materials and methods

Preparation of hydromethanolic extract of Equisetum
arvense

Dried aerial components of E. arvense were minced into
smaller particles, introduced into a glass container and com-
pacted. Then, methanol–water (1:1) was added to completely
cover the dry plant constituents and all was left for 3 days in
a maceration process. Then the biological material was perco-
lated and extracting solution was collected and evaporated in
a rotating evaporator operating at 50 °C, under reduced pres-
sure. The recovered solution was reused as extractor liquid,
being added to the glass container once more. This process
elapsed in a continuous way, and extract yielded between
days 4 and 10 was collected. The deconcoction was concen-
trated to dryness under reduced pressure, and respective resi-
due was dissolved in dimethylsulphoxide (DMSO; Merck,
Darmstadt, Germany) to obtain a stock solution of 100 mg/
ml that was sterilized by filtration through 0.2 lm Millipore
filters, aliquoted and stored at�20 °C.

Total extract was analysed for its silicon (Si) content.
Standard solutions, 10–75 ppm, were prepared by appro-
priate dilution of a 1000 ppm Si stock solution (Riedel de

Haen) with NaCl (20 mg/ml). Absorbance of samples was
determined at k = 251.6 nm, using an atomic absorption
spectrometer (GBC 904 AA) with an acetylene/nitrous
oxide flame. Concentration of Si in the 100 mg/ml extract
stock solution was 11.08 ± 0.81 lg/ml.

Cell cultures

Peripheral blood mononuclear cells. Human peripheral
blood mononuclear cell (PBMC), used as osteoclast
precursor cells, were isolated from blood of healthy male
donors, aged 25–35 years, as described previously (20).
Briefly, blood was diluted in PBS (1:1), and applied on
the surface of Ficoll-PaqueTM PREMIUM (GE Healthcare
Bio-Sciences, Piscataway, USA). After centrifugation at
400 g for 30 min, cells were collected and washed twice
in PBS. On average, in the range of 70 9 106 PBMC
were obtained for each 100 ml of processed blood. Cells,
seeded at 1.5 9 106 PBMC/cm2 were maintained in a-
minimal essential medium (a-MEM; Gibco – Life Tech-
nologies Ltd, Paisly, UK) supplemented with 30% human
serum (from the same donor from which PBMC were
collected), 100 IU/ml penicillin (Gibco), 2.5 lg/ml strep-
tomycin (Gibco), 2.5 lg/ml amphotericin B (Gibco) and
2 mM L-glutamine (Sigma-Aldrich, MO, USA). Cell cul-
tures were performed in the absence (base medium, BM)
or presence of recombinant M-CSF (25 ng/ml) and
RANKL (40 ng/ml) (21), (M+R cultures).

Co-culture of PBMC with human bone marrow
osteoblastic cells. Bone marrow was obtained from
patients (25–45 years old) undergoing orthopaedic surgery
procedures, after informed consent. Human bone marrow
osteoblastic cells (hBMC) were cultured in a-MEM
(Gibco)-containing 10% foetal bovine serum (Gibco),
100 IU/ml penicillin (Gibco), 2.5 lg/ml streptomycin
(Gibco), 2.5 lg/ml amphotericin B (Gibco) and 50 lg/ml
ascorbic acid (Sigma-Aldrich). Cultures were maintained in
5% CO2 humidified atmosphere at 37 °C for 10/15 days
up to near confluence. Adherent cells were enzymatically
detached with 0.04% trypsin and 0.025% collagenase.
Co-cultures were performed as published previously (22).
Shortly, the resulting cell suspension was seeded, 104 cell/
cm2, and incubated for 24 h in medium as described
above. Then, PBMC 1.5 9 106 cells/cm2, were added, and
co-cultures were maintained in culture conditions as
described above for PBMC cultures.

Exposure of cultures to Equisetum arvense extract

PBMC cultures and co-cultures of PBMC + hBMC were
exposed to E. arvense extract at concentrations ranging
between 0.00016 and 0.5 mg/ml, chosen according to
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recently published data on effects of identical E. arvense
extract on human osteoblastic cells (19). Both types of cul-
ture were maintained for 24 h, to allow for cell adhesion,
and the extract was added at this stage. Cultures were incu-
bated for 21 days at 37 °C in 5% CO2 humidified atmo-
sphere and were maintained in the same culture conditions
as described above for PBMC cultures. Culture medium
was replaced once a week and E. arvense extract was
renewed at each medium change. As control, cultures were
performed in absence of extract, but maintained in presence
of the same final concentration of DMSO as extract-treated
cultures. Cultures were characterized at days 7, 14 and 21
for tartrate-resistant acid phosphatase (TRAP) activity and
number of TRAP-positive multinucleate cells, and at day 21
for presence of actin rings and vitronectin and calcitonin
receptors. In addition, cultures exposed to lowest tested con-
centrations that caused statistically significant inhibitory
effects on TRAP activity, and number of TRAP-positive
multinucleate cells – 0.004 mg/ml – were further analysed,
at day 21, by RT-PCR for expression of osteoclast-related
genes and calcium phosphate resorbing ability. Finally, cell
cultures were also assessed at days 7, 14 and 21 for intracel-
lular mechanisms involved in response to E. arvense extract.

Characterization of osteoclastogenic response

TRAP activity. TRAP activity was determined by para-
nitrophenilphosphate (pNPP) hydrolysis assay, as described
before (23). After being washed twice in PBS, cells were
lysed with 0.1% (V/V) Triton X-100 for 5 min. Cell lysates
were incubated in 12.5 mM pNPP, 0.04 M tartaric acid and
0.09 M citrate (pH 4.8) for 1 h at 37 °C. After incubation, the
reaction was stopped using 5 M NaOH, and absorbance of
samples was determined at 405 nm in an ELISA plate reader
(Synergy HT; Biotek, Winooski, USA). Results were nor-
malized to total protein content of cultures, assessed by Brad-
ford’s method (24) and expressed as nmol/min/mg of protein.

TRAP-positive multinucleated cells. Cell cultures were
washed twice in PBS and fixed in 3.7% formaldehyde for
10 min. Cells were rinsed in distilled water and stained
for TRAP using Acid Phosphatase, Leukocyte (TRAP)

kit (Sigma), according to the manufacturer’s instructions.
Then, cells were incubated for 1 h, at 37 °C, in the dark,
with naphtol AS-BI 0.12 mg/ml, in presence of 6.76 mM

tartrate and 0.14 mg/ml fast garnet GBC. Then, cell lay-
ers were washed and stained with haematoxilin. TRAP-
positive multinucleate cells were identified and counted
for each experimental condition.

Visualization of F-actin cytoskeleton, vitronectin and
calcitonin receptors by confocal laser scanning
microscopy. Cell layers were washed twice in PBS, fixed in
3.7% (V/V) para-formaldehyde for 15 min and
permeabilized in 0.1% (V/V) Triton X-100 for 5 min. Cells
were stained for actin with 5 U/ml Alexa Fluor® 647-Phalloi-
din (Invitrogen, CA, USA), and for vitronectin (VNR) and
calcitonin (CTR) with 50 lg/ml mouse IgGs anti-VNR and
IgGs anti-CTR (R&D Systems, MN, USA), respectively.
Anti-VNR and anti-CTR detection was performed with 2 lg/
ml Alexa Fluor® 488-Goat anti-mouse IgGs.

RT-PCR analysis. Cell cultures maintained in absence or
presence of E. arvense extract, 0.004 mg/ml, were analysed
by RT-PCR for expression of housekeeping gene GAPDH,
osteoclast-related differentiation and activation factors
c-myc and c-src, respectively, and for osteoclast functional
genes TRAP, cathepsin K (CATK), carbonic anhydrase 2
(CA2) and RANK (25). RNA was extracted using Rneasy®

Mini Kit (Qiagen, Hilden, Germany), according to the man-
ufacturer’s instructions, and quantified by UV spectropho-
tometry at 260 nm. Then, 0.5 lg RNA was reverse
transcribed and amplified (25 cycles) using Titan One Tube
RT-PCR System (Roche, Basel, Switzerland), with anneal-
ing temperature of 55 °C. Primers used are listed in
Table 1. RT-PCR products were separated by
electrophoresis on 1% (w/V) agarose gel and subjected to
densitometric analysis using ImageJ 1.41 software, National
Institutes of Health, USA. Values were normalized to corre-
sponding GAPDH value of each experimental condition.

M-CSF and RANKL quantification. M-CSF and RANKL
quantification of culture medium from PBMC + hBMC
co-cultures was performed using Human M-CSF

Table 1. Primers used on RT-PCR analysis of PBMC cultures

Gene 5′ Primer 3′ Primer

GAPDH 5′-CAGGACCAGGTTCACCAACAAGT-3′ 5′-GTGGCAGTGATGGCATGGACTGT-3′
c-myc 5′-TACCCTCTCAACGACAGCAG-3′ 5′-TCTTGACATTCTCCTCGGTG-3′
c-src 5′-AAGCTGTTCGGAGGCTTCAA-3′ 5′-TTGGAGTAGTAGGCCACCAG-3′
TRAP 5′-ACCATGACCACCTTGGCAATGTCTC-3′ 5′-ATAGTGGAAGCGCAGATAGCCGTT-3′
CATK 5′-AGGTTCTGCTGCTACCTGTGGTGAG-3′ 5′-CTTGCATCAATGGCCACAGAGACAG-3′
CA2 5′-GGACCTGAGCACTGGCATAAGGACT-3′ 5′-AAGGAGGCCACGAGGATCGAAGTT-3′
RANK 5′-TTAAGCCAGTGCTTCACGGG-3′ 5′-ACGTAGACCACGATGATGTCGC-3′
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Quantikine ELISA Kit (R&D Systems) and sRANKL
(total) Human ELISA (Osteoprotegerin Ligand) (Bio-
Vendor, Laboratorni medicina a.s., Brno, Czech Repub-
lic), respectively, following manufacturers’ instructions.
After detection, absorbance of samples was measured at
450 nm in an ELISA plate reader (Synergy HT; Biotek).
Results were expressed as ng/ml.

Calcium phosphate resorbing assay. Cells were cultured
on BD BioCoatTM OsteologicTM Bone Cell Culture Plates
(BD Biosciences, New Jersey, USA) for 21 days in absence
or presence of E. arvense extract (0.004 mg/ml). Then, cells
were bleached with 6%NaOCl and 5.2%NaCl, following the
manufacturer’s protocol and remaining calcium phosphate
layers were visualized by phase contrast light microscopy.
Resorption lacunae were identified and total resorbed area
was quantifiedwith ImageJ 1.41 software.

Intracellular signalling mechanisms. Cell cultures, main-
tained in absence or presence of 0.004 mg/ml E. arvense
extract, were treated with different inhibitors of osteoclas-
togenic-related signalling pathways. U0126, a MEK path-
way inhibitor, was tested at 1 and 10 lM, due to
apparently contradictory effects attributed to low doses of
this molecule, by different studies (26–28). PDTC, an
NFjB pathway inhibitor, was used at 10 and 100 lM as
the lower concentration has been previously described as

IC50 for rat osteoclastic differentiation (29). Finally,
indomethacin (1 lM) was tested as it blocks PGE2 syn-
thesis, an osteoclastogenic stimulator (30,31). PBMC cul-
tures and co-cultures of PBMC + hBMC were performed
under identical experimental conditions as those described
above, and were assessed for TRAP activity and number
of TRAP-positive multinucleate cells.

Statistical analysis

All data presented in this work were obtained from three sep-
arate experiments, using cell cultures from six different
donors. Each experiment was performed in triplicate. Quanti-
tative data are presented as mean ± SD. Groups of data were
evaluated using two-way analysis of variance (ANOVA) and
no significant differences in pattern of cell behaviour were
found. Statistical differences between controls and experi-
mental conditions were assessed using Bonferroni’s method.
Values of P � 0.05were considered significant.

Results

TRAP activity and number of TRAP-positive
multinucleate cells

PBMC cultures performed in BM (Fig. 1a) revealed low
values of TRAP activity, which increased slightly over

(a)

(c)

(b)

Figure 1. TRAP activity of PBMC cultures. Cell cultures, maintained in base medium (BM, a) or supplemented with M-CSF and RANKL (M
+R, b) and co-cultures of PBMC + hBMC cells (c), were performed in absence (control) or presence of Equisetum arvense extract. *Significantly
different from control cultures.
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the culture period. Presence of E. arvense extract did
not affect cell responses, except for highest tested con-
centrations (0.1 and 0.5 mg/ml) that elicited a significant
decrease in TRAP activity.

In the presence of M-CSF and RANKL (Fig. 1b),
PBMC cultures had high TRAP activity, and exposure
to extract caused dose-dependent reduction in enzyme
activity. Inhibitory effectsbecame statistically significant
at concentrations similar to and higher than 0.004 mg/
ml, ranging from 15% (0.004 mg/ml) to 54% (0.5 mg/
ml) at day 21.

Exposure to E. arvense extract also caused dose-
dependent reduction in TRAP activity in co-cultures of
PBMC + hBMC (Fig. 1c). However, percentages inhibi-
tion were slightly higher than observed in supplemented
PBMC cultures, at equal concentrations, varying from
25% (0.004 mg/ml) to 61% (0.5 mg/ml) by day 21.

Globally, number of TRAP-positive multinucleate
cells (Fig. 2) yielded a similar pattern of response to
that achieved for TRAP activity.

Presence of cells displaying osteoclastic features

Cell density and morphology remained identical at days
14 and 21 of culture (Fig. 3a). Then (day 21), cells were

stained for actin, VNR and CTR (Fig. 3b). All cultures
revealed presence of cells with characteristic osteoclast
features. Nevertheless, relative abundance of these cells
was in agreement with results obtained for TRAP deter-
minations. Figure 3c shows representative images of this
behaviour, in 21-day PBMC cultures supplemented with
M-CSF and RANKL, and exposed to 0.00016 and
0.02 mg/ml of the extract.

Expression of osteoclast-related genes

PBMC and co-cultures of PBMC + hBMC were exposed
to 0.004 mg/ml of E. arvense extract, and cultures were
assessed for expression of c-myc, s-src, TRAP, CATK,
CA2 and RANK (Fig. 4a). PBMC cultures maintained in
BM displayed low expression levels of the analysed
genes, and presence of extract did not affect this behav-
iour significantly. In presence of M-CSF and RANKL,
PBMC expressed higher levels of the tested genes, and
exposure to E. arvense extract elicited reduction in
expression of all genes (except for CA2 and RANK),
between 13% and 49%. Exposure of PBMC + hBMC
co-cultures to E. arvense extract caused a similar effect in
expression of osteoclast-related genes. As observed with
TRAP activity, inhibitory effects of the extract were

(a)

(c)

(b)

Figure 2. Presence of TRAP+ multinucleated cells in PBMC cultures. Cell cultures, maintained in base medium (BM, a) or supplemented with
M-CSF and RANKL (M+R, b) and co-cultures of PBMC + hBMC cells (c), were performed in absence (control) or presence of Equisetum arvense
extract. *Significantly different from control cultures.
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slightly higher than observed for supplemented cultures,
between 19% and 53%.

Production of M-CSF and RANKL

PBMC + hBMC co-cultures, performed in absence or
presence of 0.004 mg/ml E. arvense extract, were analy-
sed for production of M-CSF and RANKL. For that,
pro-osteoclastogenic growth factors present in culture med-
ium were quantified (Fig. 4b). It was observed that both
molecules were present in culture media from co-cultures,
and that M-CSF concentration was found to be signifi-
cantly higher than that of RANKL concentration. Supple-
mentation with extract elicited slight reduction in
production of both growth factors, although without
statistical significance.

Calcium phosphate resorbing ability

PBMC cultures maintained in absence of exogenous
osteoclastogenic stimuli elicited but few small resorp-

tion lacunae (Fig. 5a) and, thus, a low resorbed area
(Fig. 5b). Exposure to 0.004 mg/ml E. arvense extract
did not affect this behaviour. Comparatively, of presence
of M-CSF and RANKL, PBMC cultures revealed a sig-
nificantly higher resorbing ability, that reduced follow-
ing extract treatment (around 30%). A similar response
was observed for PBMC + hBMC co-cultures, with
reduction of approximately 41%.

Intracellular signalling pathways

Involvement of MEK and NFjB pathways and PGE2
production of the inhibitory effect of E. arvense, was
addressed in cultures exposed to 0.004 mg/ml extract,
and assessed for TRAP activity (Fig. 6). For each of the
three different cell cultures tested, cell responses were
compared with that obtained in absence of any signal-
ling pathway inhibitor.

Control PBMC cultures maintained in BM or in pres-
ence of M-CSF and RANKL were very sensitive to pres-
ence of U0126, an inhibitor of the MEK signalling

(a) (b) (c)

Figure 3. Staining of PBMC cultures treated with the extract. PBMC cultures (M+R) stained for nuclei and TRAP at days 14 and 21 of culture
(a). CLSM visualization of PBMC cultures (21 days) supplemented with M-CSF and RANKL: b – Representative images; c – PBMC cultures: con-
trol and exposed to the extract. White bars represent 600 lm (a), 40 lm (b) and 100 lm (c).

(a) (b)
Figure 4. Analysis of the expression of osteo-
clast-related genes and M-CSF and RANKL.
PBMC cultures (either maintained in BM or M
+R) and PBMC + hBMC co-cultures, were per-
formed in the absence (control) or presence of
Equisetum arvense extract, 0.004 mg/ml (a). RT-
PCR products subjected to densitometric analysis
and normalized with value obtained for GAPDH.
Quantification of M-CSF and RANKL present in
culture medium of co-cultures maintained in
absence or presence of 0.004 mg/ml Equisetum
arvense extract (b). BM, base medium; M+R, M-
CSF + RANKL. *Significantly different from
control cultures.
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pathway; at 1 lM, significant reduction in TRAP activity
was noted, and at 10 lM, inhibition was total. Moreover,
full inhibition was also observed in presence of PDTC, an
inhibitor of the NFjB pathway (at both tested concentra-
tions). Indomethacin did not elicit significant changes in
TRAP activity. Globally, in PBMC cultures performed in
BM, presence of extract did not change this behaviour.
However, in PBMC supplemented with M-CSF and
RANKL, some important changes were noted. Addition of
U0126, at 1 lM, did not affect TRAP activity, and, at
10 lM, only partial inhibition was achieved; also, presence
of PDTC at 10 lM, did not completely abolish TRAP activ-
ity during the first 14 days of culture (although values were
very low), unlike as was observed at 100 lM. Again, pres-
ence of indomethacin did not affect the cell response.

Co-cultures of PBMC + hBMC were not affected by
presence of 1 lM U0126, but addition of 10 lM sharply
reduced TRAP activity. Treatment with PDTC elicited
concentration-dependent reduction in TRAP activity on
day 14 and complete inhibition by day 21. Indomethacin
caused partial inhibition of enzyme activity at day 21.
Comparatively, following exposure to E. arvense

extract, presence of U0126 at 1 and 10 lM resulted in
similar behaviour. However, PDTC, at 10 lM, inhibited
TRAP activity only partially, but, at 100 lM, total inhi-
bition was observed. Indomethacin caused low levels of
inhibition, specially at day 21, although slightly lower
than that noted in control co-cultures.

Discussion

Traditional medicines rely mainly on use of herbal
extracts to treat a wide range of disorders, including
those that affect bone tissue. Indeed, there are numer-
ous plants employed for treatment of osteoporosis
and arthropathies, among others (3,7–10,32).
Although use of phytomedicines might considered
with care, there are cases in which use of such sub-
stances demonstrate potential use for application, this
being supported both by in vitro and in vivo studies
(10,32–36). Here, effects of an E. arvense hydrome-
thanolic extract on human osteoclastogenesis were
assessed. Three osteoclastogenic models were tested,
namely, non-stimulated (base medium, absence of

(a)

(b)

Figure 5. Calcium phosphate resorbing activity of PBMC cultures. Cells cultures, maintained in base medium (BM, a) or supplemented with
M-CSF and RANKL (M+R, b), and co-cultures of PBMC + hBMC cells (c), were performed in absence (control) or presence of 0.004 mg/ml
Equisetum arvense extract. a – Representative images of calcium phosphate layers after cell removal. b – Quantification of resorbed areas expressed
as percentage of total area. *Significantly different from control cultures.
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any exogenous osteoclastogenic stimuli) and stimu-
lated (presence of recombinant M-CSF and RANKL)
osteoclast precursor cells, and co-cultures of osteo-
clastic and osteoblastic cells. As there is no published
information regarding concentrations of E. arvense
extract components used in the traditional medicines,
this study has been conducted using a wide range of
concentrations, to obtain global perspective of effects
of E. arvense on human osteoclasts.

Results showed that E. arvense extract did not signifi-
cantly affect spontaneous osteoclastogenesis; occurring in
base medium, neither signalling pathway was involved.
However, when osteoclast precursors were committed
towards osteoclastogenesis (either by supplementation
with M-CSF and RANKL or by presence of osteoblastic
cells), clear and significant dose-dependent inhibition on
osteoclastogenesis was observed. It is important to men-
tion that total protein content (which is, with some reser-
vations, related to cell density) of cell cultures did not
significantly change by presence of the extract, except for
the two higher tested concentrations (data not shown).
This suggests that the observed inhibition of osteoclasto-
genesis might mainly be due to specific effects of the pro-
cesses related to osteoclast differentiation, rather than
being a non-specific toxic effect on cell density.

The present study has demonstrated that E. arvense
can negatively modulate osteoclastogenesis. This is in

line with some applications suggested for this plant in
traditional medicine, particularly as treatment for bone
disorders characterized by a hyperactivation of osteo-
clastic cells (such as osteoporosis and osteoarthritis) (3,7
–10). This ability might be related to several characteris-
tics of the plant, with regard to its composition. It is
known that in life E. arvense accumulates high quanti-
ties of silica (11,12), a characteristic that is highly vari-
able among different plant species (37). No other plant
reveals such high concentrations of this element, which
can reach values as higher as 25% dry weight (12).
Despite the many beneficial properties of silica for the
plants, [specially in the relief of stress (11)], this ele-
ment is thought to mainly be responsible for the medici-
nal properties attributed to it (7,8), particularly, for
treatment of bone disorders (7–9). In this context, it is
important to mention that silica is found in bone tissue,
where it is known to have an important role in mainte-
nance of normal physicochemical properties of this tis-
sue (38). Due to that, several studies have demonstrated
that silica has high potential for application in numerous
biomaterial-based bone regeneration strategies (39–41).

In this context, a relationship between silica content
of E. arvense and observed osteoclastogenic response,
was aimed to be established. Although some effects of
silica on osteoclastogenic behaviour of cell cultures were
observed (data not shown), clearly there were also fur-

Figure 6. Involvement of MEKand NFjB pathways and PGE2 production on cellular response to E. arvense extract. TRAP activity of
PBMC cultures maintained in base medium (BM) or supplemented with M-CSF and RANKL (M+R) and co-cultures of PBMC + hBMC cells,
maintained in absence (control) or presence of 0.004 mg/ml Equisetum arvense extract. Cell cultures were treated with 1 or 10 lM U0126, 10 or
100 lM PDTC and 1 lM indomethacin. *Significantly different from control cultures.
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ther factors of the extract contributed to the process.
Detailed characterization of components of E. arvense
extract that could modulate osteoclast differentiation and
function are underway.

In addition to its high silica content, it is known that
E. arvense also contains numerous phenolic compounds.
In a previous study, it has been observed that one
hydroalcoholic extract of the plant contained tannins
(1), saponins (1), flavonoids [particularly isoquercetin,
kaempferol glycosides, flavones glycosides and apigenin
(1,4,42)] and steroids [especially b-sitosterol, campester-
ol and isofucosterol (1,43)]. These are natural antioxi-
dant molecules well known for their anti-inflammatory
effects [see (1,44) and refs. cited therein]. In addition,
some of them have been linked to positive effects on
bone metabolism and preservation of a long-term bone
health (45–49). For example, in an in vitro study con-
ducted with RAW264.7 cells treated with furosin (tan-
nin), it was observed that osteoclast differentiation and
function were compromised in the presence of this mol-
ecule (45). A similar inhibitory effect has been observed
in osteoclast cultures performed in presence of the ste-
roidal saponin diosgenin (47). Moreover, E. arvense is
also rich in further molecules that can affect bone cells,
such as vitamins C, E, K and some of the B group (3).

Characterization of intracellular processes involved
in the observed osteoclastogenic responses revealed
some important aspects, and represents, to our knowl-
edge, the only information regarding the mechanism of
action of E. arvense for bone diseases. In PBMC cul-
tures supplemented with M-CSF and RANKL, presence
of the extract seemed to downregulate the MEK signal-
ling pathway. Indeed, in this condition, inhibition of
TRAP activity achieved by treatment with U0126, was
significantly lower than in the control. Strong depen-
dence on the NFjB signalling pathway, and absence of
involvement of PGE2 production, on the observed cell
response remained identical to control.

Osteoclastogenesis observed in co-cultures of
PBMC + hBMC treated with E. arvense extract
appeared to be slightly more dependent on the MEK
pathway, while NFjB pathway, although very important
for the process, seemed to be downregulated in that con-
dition. PGE2 production was also involved in osteoclast
development in the co-cultures, but its relative impor-
tance appears to be slightly lower in presence of the
extract. In this context, it is noteworthy to highlight that,
in a previous report (50), it was observed that the flavo-
noid portion of an E. arvense hydroalcoholic extract
was mainly composed of isoquercitin, an important anti-
oxidant (1) that is known to inhibit both synthesis and
release of PG-like substances (51). This property may
be the main reason behind less pronounced inhibitory

effects of indomethacin on co-cultures supplemented
with the extract.

Taken together, intracellular mechanisms involved in
osteoclastogenic response in the presence of E. arvense
extract appeared to involve, in all tested conditions, one
or more of the tested signalling pathways. However,
those, per se, cannot be considered to be sole mecha-
nisms involved in the cell response, as osteoclastogene-
sis is a complex process that requires a network of
multiple intracellular pathways (18,25). Moreover,
although the overall degree of osteoclast differentiation
and activation was identical in both PBMC supple-
mented with M-CSF and RANKL or co-cultured with
osteoblastic cells, differences observed in intracellular
processes suggest that E. arvense can affect osteoclasto-
genesis in different ways. As osteoblasts are key players
in the osteoclastogenic process (15,16), it is tempting to
speculate that the plant extract can not only act directly
on osteoclast precursor cells, but also indirectly, via the
osteoblastic cells, probably through modulation of
expression of different molecules that can affect osteocl-
astogenesis. M-CSF and RANKL production were not
significantly affected by the extract, which suggests that
other mediators, in addition to these, may be involved in
the process. In both situations (PBMC treated with
M-CSF and RANKL and PBMC + hBMC co-cultures),
an inhibitory effect on osteoclastogenesis was achieved.
Recently, we have shown that the same hydromethanolic
extract of E. arvense revealed osteogenic properties
when used to supplement human bone marrow cell cul-
tures, performed in standard cell culture plates or over
hydroxyapatite disks (19). Thus, combining those obser-
vations with the ones obtained in the present work, it is
tempting to suggest that E. arvense reveals an interest-
ing and potentially applicable profile, when considering
bone regeneration/repair strategies.

Conclusions

The present work showed that the E. arvense hydrome-
thanolic tested extract could effectively reduce human
osteoclast development and function, both in osteoclast
precursor cell cultures and in co-cultures of osteoclastic
and osteoblastic cells. Although the present results might
mainly be attributed to some individual molecules, it
seems more likely that the complex composition of the
extract can act as a whole in the process, with possible
antagonistic, additive and/or synergistic relationships
among its components. To take advantage of the use of
E. arvense derivatives as potential medicines for bone
disorders, particularly those related to a high osteoclastic
activity, or as a useful tool for bone regeneration strate-
gies, a detailed understanding of the effects of the plant
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on bone cells must be performed. The present data shed
some new light on this subject.
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