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Abstract

The current study was directed to investigation on the influence of fruit extract from the medicinal plant Aronia melanocarpa on
in vitro-cell differentiation in different incubation conditions. Slight differences in cell morphology in a short-term cultivation in
the presence of plant extract, expressed mainly in increased size, rounded cell form and changed nuclei/cytoplasm ratio, in
comparison with the untreated controls, were noted. These changes were accepted as signs for early myeloid differentiation,
probably mainly of embryonic stem cell sub-populations from 3T3 cell line. Signs of osteoblast lineage differentiation of from the
derived of 3T3 cells, incubated separately for a long-term period in the presence of Aronia-extract. After freezing of separate sub-
populations from the so incubated cells for 2-4 weeks in the presence of cryo-protector Dymethylsulfoxide (DMSO), subsequent
thawing and re-incubation, appearance of osteoclast-like cells was observed. In co-cultivation of the so derived cells from both
types (suspensions of cultural fluids plus cells from both types), regions of destroyed osteoblast-like cells monolayer were
observed.
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Introduction

The influence of different growth factors and
cytokines, their mechanisms of action, but also
signaling cascade pathways, have suggested
probability for existing of novel therapeutic targets,
including not only those molecules, but also their
inhibitors and/or antagonists, which could influence
their function both directly or indirectly, by targeting
specific step of respective signaling mechanisms
(Hughes et al., 2006; Zhang et al., 2005). Pro-
inflammatory influence of NF-κB by the proved
activation of the expression of appropriate genes in
neutrophils by this molecule, has also been suggested
(Cloutier et al., 2007). Signals from Transforming
Growth Factor-beta (TGF-β) have been found to up-
regulate Wnt5A expression directly through the Smad-

complex, as well as through Smad-induced CUX1 and
MAP3K7-mediated NF-κB (Dickerson et al., 2012). In
this connection, a possibility for further differentiation
of osteoclast cell lineages from derived cells with
monocytic characteristics has also been proved (Solari
et al., 1996).

On the other hand, possibility for derivation of from
embryonic stem cells in the presence of appropriate
growth factors and co-factors has also been indicated
(Okuyama et al., 2003). Furthermore, multi-nucleated
osteoclast-like giant cells have been observed in the
presence of tumors in different anatomic organs, as for
example in the pancreas (Suzuki et al., 1997). Other
literature data have proved the role of the cryo-
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protector Dymethylsulfoxide (DMSO) (Manandhar
and Onishchenko, 1995; Norwood et al., 1976), as
well as of other organic detergents (Cody et al., 2011;
Gattei et al., 1992; Isal et al., 2013; Solari et al., 1996;
Zhu et al., 2005), in the activation of fusion process
between the cells.

In this connected, the current study is directed with
investigation on some on the mechanisms of the in
vitro-influence of the Aronia-extract on laboratory-
cultivated normal embryonic cells.

Materials and Methods

Cultures from normal fibroblasts from embryonic
mouse Balb/c 3T3 line (1 x 106 cells/ml), were
incubated at 370C in incubator with 5% СО2 and 95%
air humidification, in Dulbecco’s Modified Minimal
Essential Medium (DMEM), supplemented with 10%
Fetal Calf Serum (FCS), 100 UI/ml Penicillin, 0.25
mg/ml Streptomycin and 0.25 mg/ml Amphotericin-B,
in 24-well plaques. In separate sub-populations from
each of both cell types used, as well as in mixed
cultures of them, were added fruit Aronia
melanocarpa extract. The so prepared cell cultures
were observed by inverted light microscope, supplied
with mega-pixel CCD-camera.

Separate sub-populations from 3T3 fibroblast cell line,
derived from Balb/c mouse embryos, were incubated
for a long time (5-7 days) in the presence of fruit
Aronia-extract. Cultural fluids, supplemented with the
plant extract, were picked up, preserved and after
centrifugation and filtration, were added to de novo-
incubated untreated sub-population of mouse
embryonic 3T3 fibroblasts. This experiment was made
by taking in consideration literature data, indicating
Ascorbic acid (Vitamin C) as main ingredient of the
fruit extract of this plant (Dickerson et al., 2012;
Solari et al., 1996). Another 3T3 cell sub-population
was subsequently pre-cultivated cultural fluid,
supplemented with the plant fruit extract, but the pre-
cultured cells were freezed at -80oC for 2-4 weeks

after addition respective volume from the cryo-
protector Dymethylsulfoxide (DMSO), taking in
consideration the proved enhanced inter-cellular
fusion on the influence of many organic detergents by
their action to change properties of cell membranes on
the one hand (Cody et al., 2011; Gattei et al., 1992).
After thawing of the so co-cultivated cells, the
received cell suspension was centrifuged, the
supernatants, containing DMSO, were taken off, the
pellets, containing the cells, were resuspended, and the
cells were re-cultivated by application of the
cultivation techniques, described above. For
confirmation of the belonging of each one from the
derived cell types to the respective lineage, the derived
cells, their co-cultivation was also performed. For this
goal, after taking-off the cultural fluids from the
osteoblast-like monolayers and their washing with
PBS, the half from the volume of suspension, received
by their trypsinization and resuspendation, was added
to the cultures of the obtained osteoclast-like cells,
derived from mouse embryonic progenitors. The so
prepared mixed cell cultures were incubated at 370C,
in incubator with 5% СО2 and 95% air humidification.

Fixed light microscopic slides from cultures of both
normal cells 3T3, treated by by Aronia-extract, were
prepared by fixation with 95% Ethanol, washing with
PBS and subsequent staining by Giemsa dye and/or by
Hematoxillin/Eosin technique, respectively. The so
prepared fixed preparations were observed by inverted
light microscope, supplied with mega-pixel CCD-
camera.

Results

In short-term incubation in cultural media,
supplemented with Aronia melanocarpa fruit extract,
the embryonic mouse cells acquire round cell shape,
light-stained cytoplasmic content with appearance of
granules, centrally-located nuclei and changed
nuclei/cytoplasm ratio, which are signs of initial
myeloid differentiation (Fig. 1 – b), in comparison
with the untreated controls (Fig. 1 – a).
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Fig. 1 Influence of Aronia melanocarpa-total extract short-term treatment on normal mouse 3T3 embryonic
fibroblasts: a) untreated control culture of normal 3T3 fibroblasts from mouse embryos; b) treated with Aronia

melanocarpa total extract alone (Giemsa staining, magnification: x100).

a b

In long-term incubation of the same cells in the
presence of the plant extract, appearance of osteoblast-
like cells was noted, a proof for which were the
observed dark-stained mineral deposition (Fig. 2 - a).
After freezing of the so prepared cultures, incubated
for long term in the presence of Aronia-extract, in the

presence of DMSO, thawing and re-cultivation in the
same conditioned cultivation media, signs of
osteoclast-like differentiation were observed, the most
typical of which was the presence of many nuclei, as
well as the giant cell sizes (Fig. 2 - b).

Fig. 2 Influence of Aronia melanocarpa-total extract long-term treatment on normal mouse 3T3 embryonic
fibroblasts: a) derivation of osteoblast-like cells, which could be proved from the dark-stained mineral depositions

(Giemsa staining, magnification: x100); b) derivation of osteoclast-like cells, a proof for which is the observed
number of nuclei in one cell (more than 2) (Hematoxilin/Eosin staining, magnification: x200); c) mixed preparations
from co-cultivated osteoblast-like and osteoclast-like cells, both derived from normal mouse embryonic cells - zones
of destroyed osteoblast-like cells monolayer and of mineral depositions, as well as debris of destroyed cells, could be

seen (Giemsa staining, magnification: x100).

a b c

In co-cultivation of both cell types, derived from
normal mouse embryonic cells, zones of destroyed
monolayer of osteoblast-like cells and of mineral
depositions, as well as debris of destroyed cells, were
observed (Fig. 2 - c).

Discussion

The observed changes could be explained with the
probable existence of separated stem/progenitor cells
in the general 3T3 line differentiated in myeloid
direction, when appropriate cultivation conditions are
available, which was also in agreement with the
literature data (Urban et al., 2012). On the other hand,
the Ascorbic acid (Vitamin C) (Dickerson et al.,
2012), which has been found to be one of the
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main ingredients in Aronia melanocarpa fruit extract
(Solari et al., 1996), has been proposed as one of the
main substances, participating in further cell
differentiation in the osteoblast direction. This
suggestion could explain the differentiation in
osteoblast-like cells in continuous incubation in
medium, supplemented with the plant extract.
According many literature data, large numbers of
osteoclasts could be derived from embryonic stem
cells in the presence of appropriate growth factors and
co-factors (Okuyama et al., 2003). Moreover, multi-
nucleated osteoclast-like giant cells have also been
noted in the presence of tumors in different anatomic
organs, as for example in the pancreas (Suzuki et al.,
1997). The fusion of monocytic cells in the late stages
of differentiation has been characterized as another
main mechanism, included in the derivation of
osteoclasts and osteoclast-like multi-nuclear cells,
both in vitro and in vivo. In this connection, together
with taking in consideration many literature findings,
the suggestion about the eventual role of the cryo-
protector DMSO as a stimulator of the process of
intra-cellular fusion, in particular in stimulation of the
osteoclast-like cells were arising, has also been
confirmed (Calvani et al., 2005; Collins et al., 1979;
Jacob et al., 2006; Manandhar and Onishchenko,
1995). The change in the properties of the cell
membrane structures could be accepted as one of the
eventual explanations. These data could be supported
by the established similar effects of other organic
solvents (Cody et al., 2011; Gattei et al., 1992; Isal et
al., 2013; Solari et al., 1996; Zhu et al., 2005).
Differentiation of malignant myeloid cells in
osteoclast-like cells on the influence of autocrine
molecules and signals has also been demonstrated
(Susa et al., 2004). The results obtained confirmed
some literature data, according which the destruction
of osteoblasts has been indicated as one of the main
indices for differentiation in osteoclast lineage and
bone structures, on the influence of the so derived
cells (Orlandini et al., 1991). Besides the obtained
messages about cell differentiation in osteoclast
lineage on the influence of osteoblasts-derived
metabolites (Kung Sutherland et al., 2003; Yu et al.,
2011), in opposite of osteoblast differentiation in the
presence of osteoclasts-conditioned cultural fluid, has
also been proposed.

Future studies for determination of cell markers for
final proof of the respective cell differentiation
direction, should be made.

References

Calvani N., Cafforio P., Silvestris F., Dammacco F.,
2005, Functional osteoclast-like transformation of
cultured human myeloma cell lines, British J
Hematol, 130: 926-938.

Cloutier A., Ear T., Blais-Charron E., Dubois C.M.,
McDonald P.P., 2007, Differentiation involvement
of NF-κB and MAP kinase pathways in the
generation of inflammatory cytokine by human
neutrophils, J Leuk Biol, 781: 567-577.

Cody J.J., Rivera A.A., Liu J., Liu J.M., Douglas J.T.,
Feng X., 2011, A simplified method for the
generation of human osteoclasts in vitro, Int J
Biochem Mol Biol, 2(2): 183-189.

Collins S.J., Ruscetti F.W., Gallagher R.E., Gallo
R.C., 1979, Normal functional characteristics of
cultured human promyelocytic leukemia cells (HL-
60) after induction of differentiation by
dimethylsulfoxide, J Exp Med, 149: 969-974.

Dickerson T.J., Suzuki E., Stanecki C., Shin H.-S.,
Qui H., Adamopoulos I.E., 2012, Rheumatoid and
pyrophosphate arthritis synovial fibroblasts induce
osteoclastogenesis independently of RANKL, TNF
and IL-6, J Autoimmunity, 39: 369-376.

Gattei V., Bernabei P.A., Pinto A., Bezzini A.,
Ringressi A., Formigli L., Tanini A., Attadia V.,
Brandi M.L., 1992, Phorbol ester induced
osteoclast-like differentiation of a novel human
leukemic cell line (FLG 29.1), J Cell Biol, 116(2):
437-447.

Hughes F.J., Turner W., Belibasakis G., Martuscelli
G., 2006, Effects of growth factors and cytokines
on osteoblast differentiation, Periodontology,
2000(41): 48-72.

in vitro and in vivo study with a genetically labelled
avian monocyte cell line, J Cell Sci, 109: 1203-
1213.

Isal I., Aranda P., Sanz-Ramos P., Ropalda P., Mora
G., Granelo-Moltó F., Deplaine H., Gómez-
Ribelles J.L., Ferrer G.G., Acosta V., Ochoa I.,
García-Aznar J.M., Andreu E.J., Monleón-Pradas
M., Doblaré M., Prósper F., 2013, Culture of
human bone marrow-derived mesenchymal stem
cells on of poly(L-lactic acid) scaffolds: potential
application for the tissue engineering of cartilage,
Knee Surg Sports Traumatol Arthrosc, 21: 1737-
1750.

Jacob A.L., Smith C., Partanen J., Ornitz D.M., 2006,
Fibroblast growth factor receptor 1 signaling in the
osteo-chondrogenic cell lineage regulates



Int. J. Adv. Res. Biol.Sci. 2(3): (2015): 206–210

210

sequential steps of osteoblast maturation, Dev Biol,
296: 315-328.

Kung Sutherland M.S., Lipps S.G., Patnaik N., Gayo-
Fung L.M., Khammungkune S., Xie W., Brady
H.A., Barbosa M.S., Anderson D.W., Stein B.,
2003, SP500263, a novel SERM, blocks
osteoclastogenesis in a human bone cell model:
role of IL-6 and GM-CSF, Cytokine, 23(1-2): 1-14.

Manandhar G., Onishchenko G.E., 1995, Centriolar
cycle of fused cells, J Cell Sci, 108: 667-673.

Norwood T.H., Ceigler C.J., Martin G.M., 1976,
Dimethyl sulfoxide enchances polyethylene glycol-
mediated somatic cell fusion, Somat Cell Genet,
2(3): 263-270.

Okuyama H., Tsuneto M., Yamane T., Yamazaki H.,
Hayashi S.-I., 2003, Descrete types of osteoclast
precursors can be generated from embryonic stem
cells, Stem Cells, 21: 670-680.

Orlandini S.Z., Formigli L., Benvenuti S., Lasagni L.,
Franchi A., Masi L., Bernabei P.A., Santini V.,
Brandi M.L., 1991, Functional and structural
interactions between osteoblastic and
preosteoclastic cells in vitro, Cell and Tissue Res,
281(1): 33-42.

Solari F., Flamant F., Cherel Y., Wyers M., Jurdic P.,
1996, The osteoclast generation: an

Susa M., Luong-Nguyen N.-H., Cappellen D.,
Zamurovic N., Gamse R., 2004, Human primary
osteoclasts: in vitro generation and applications as
pharmacological and clinical assay, J Translat
Med, 2(1): 6.

Suzuki F., Saito A., Ishi K., Yamanaka K., Maruyama
T., Fukunaga M., Matsumoto M., Eguchi M.,
Hosokawa Y., Suda K., 1997, Osteoclast-like giant
cell tumor of the pancreas: an
immunohistochemical and ultrastructural study,
Med Electron Microsc, 30: 216-220.

Urban K., Höhling H.J., Lüttenberg B., Szuwart T.,
Plate U., 2012, An in vitro study of osteoblast
vitality influenced by the vitamins C and E, Head
and Face Med, 8: 25.

Yu F., Cui Y., Zhou X., Zhang X., Han J., 2011,
Osteogenic differentiation of human ligament
fibroblasts induced by conditioned medium of
osteoclast-like cells, BioSci Trends, 5(2): 46-51.

Zhang W.J., Park C., Arentson E., Choi K., 2005,
Modulation of hematopoietic and endothelial cell
differentiation from mouse embryonic stem cells
by different culture conditions, Blood, 105: 111-
114.

Zhu H., Ji J., Shen J., 2005, Osteoblast growth
promotion by protein electrostatic self-assembly on
biodegradable poly(lactide), J Biomater Sci
Polymer Edn, 16(6): 761-774.


