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Abstract. Risedronate has been used for the prevention and 
treatment of postmenopausal and corticosteroid‑induced 
osteoporosis. The present study was performed to evaluate 
the effects of risedronate on the morphology and viability of 
human stem cells derived from the gingiva. Stem cells derived 
from the gingiva were grown in the presence of risedronate at 
concentrations that ranged from 1 to 10 µM. The morphology 
of the cells was viewed under an inverted microscope, and cell 
proliferation was analyzed with a cell counting kit‑8 (CCK‑8) 
on days 2, 4 and 7. The untreated control group showed a 
spindle‑shaped, fibroblast‑like morphology. The shapes of the 
cells treated with 1 and 5 µM risedronate were similar to that 
of the control group on day 2. However, morphology of the 
10 µM group markedly differed from that of the control group. 
The shapes of the cells in the 1, 5 and 10 µM groups were 
rounder, and pronounced alterations when compared with the 
untreated control group were noted in all groups on day 7. 
The cultures growing in the presence of risedronate showed 
decreased CCK‑8 values on day 7. In conclusion, risedronate 
produced notable alterations in the morphology of the cells 
and reduced the viability of gingival mesenchymal stem cells.

Introduction

Bisphosphonates are pyrophosphate analogues with a high 
affinity to hydroxyapatite crystals. These compounds can be 
classified into nitrogen‑containing bisphosphonates (including 
alendronate, ibandronate, risedronate and zoledronate) and 
non‑nitrogen‑containing bisphosphonates (including etidro-
nate and clodronate) (1). Risedronate has been approved for the 
prevention and treatment of postmenopausal and corticoste-
roid‑induced osteoporosis (2). The drug is reported to reduce 
bone turnover and decrease resorption, chiefly through the 

effects on osteoclasts, with no undesirable effect on cortical 
porosity, thickness or on cancellous bone volume (3).

Previous studies have reported that risedronate reduces 
the risk for vertebral and non‑vertebral fractures in postmeno-
pausal women with osteoporosis (2). A 24‑month treatment 
with risedronate (5 mg/day) was associated with the prevention 
of bone loss at the spine and hip, with reduced bone resorp-
tion and with significantly reduced concentrations of urinary 
type I collagen cross‑linked N‑terminal telopeptide and serum 
bone‑specific alkaline phosphatase (4). Risedronate reduced 
the number, formation, vitality and activity of circulating 
osteoclast precursors in cultures and cytokines, including the 
receptor activator of the nuclear factor κB ligand; risedronate 
also reduced tumor necrosis factor‑α production (5).

Mesenchymal stem cells are characterized by the 
osteogenic, adipogenic and chondrogenic differentiation capa-
bilities (6). Risedronate has been shown to exert a variety of 
actions on mesenchymal stem cells. A previous study reported 
that risedronate positively affected the osteogenic differen-
tiation of human mesenchymal stromal cells  (1). However, 
another study showed that risedronate suppressed the osteo-
blast differentiation of mesenchymal stem cells (7).

The aim of the present study was to evaluate the effects of 
risedronate on the morphology and viability of human stem 
cells derived from the gingiva. Mesenchymal stem cells from 
the gingiva can be isolated from a minimally-invasive proce-
dure. To the best of our knowledge, this investigation is the 
first to elucidate the effect of risedronate on stem cells derived 
from the gingiva.

Materials and methods

Materials. Minimum essential medium‑α (MEM‑α), fetal 
bovine serum (FBS) and trypsin/EDTA solution were Gibco 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA). Unless 
otherwise stated, all the other chemicals and reagents were 
obtained from Sigma‑Aldrich Co. (St. Louis, MO, USA).

Isolation and culture of the stem cells derived from gingiva. 
Gingival tissues removed during clinical crown‑lengthening 
procedures were collected from healthy patients. The study 
was reviewed and approved by the Institutional Review Board 
of Seoul St. Mary's Hospital College of Medicine (Catholic 
University of Korea, Seoul, Republic of Korea), and informed 
consent was obtained from the participants.
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The tissues were de‑epithelialized, minced into 
fragments, and digested with dispase (1 mg/ml) and colla-
genase IV (2 mg/ml). The cells were incubated at 37˚C in a 
humidified incubator with 5% CO2 and 95% O2.

Evaluation of stem cell morphology. The stem cells were plated 
at a density of 2.0x103 cells/well in 96‑well plates. The cells 
were incubated in MEM‑α (composed of 15% FBS, 10 mM 
ascorbic acid 2‑phosphate, 200 mM L‑glutamine, 100 U/ml 
penicillin and 100 µg/ml streptomycin) and in the presence of 
the risedronate at final concentrations of 0 (untreated control), 
1, 5 and 10 µM. The morphology of the cells was viewed under 
an inverted microscope (Leica DM IRM; Leica Microsystems, 
Wetzlar, Germany) on days 2, 4 and 7. The images were saved 
as JPEG files.

Determination of cell viability. The analysis of cell viability was 
performed on days 2, 4 and 7. Viable cells were identified using 
a cell counting kit‑8, (CCK‑8; Dojindo, Tokyo, Japan) assay. 
The spectrophotometric absorbance of the samples at 450 nm 
was measured using a microplate reader (BioTek, Winooski, 
VT, USA), and the analysis was performed in triplicate.

Statistical analysis. The data are presented as mean ± standard 
deviation. Test of normality and one‑way analysis of variance 

with post hoc test were performed to determine the differences 
between the groups with a commercially available program 
(SPSS 12 for Windows; SPSS Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Evaluation of cell morphology. The morphology of the stem 
cells on day 2 is shown in Fig. 1. The untreated control group 
showed spindle‑shaped, fibroblast‑like morphology. The 
shapes of the cells in the 1 and 5 µM groups were similar to 
those of the control group. However, the 10 µM group showed 
significant differences when compared to the control group. 
The shapes of the cells in the 10 µM group were rounder and 
fewer cells were present.

The morphology of the cells on day 4 is shown in Fig. 2. 
The shapes of the cells in the 1 µM group were similar to 
the shapes of those in the control group on day 4. Significant 
alterations in cytoskeletal organization were noticed in the 
5  and 10 µM groups. Compared to the control group, the 5 and 
10 µM groups had fewer, rounder cells.

The morphology of the cells on day 7 is shown in Fig. 3. 
Compared with the cells in the untreated control group, those 
in the 1, 5 and 10 µM groups were rounder and markedly 
differed.

Figure 1. Evaluation of cell morphology on day 2 (original magnification x200). (A) Control, (B) 1, (C) 5 and (D) 10 µM groups.

Figure 2. Cell morphology on day 4 (original magnification, x200). (A) Control, (B) 1, (C) 5 and (D) 10 µM groups.
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Figure 3. Cell morphology on day 7 (original magnification, x200). (A) Control, (B) 1, (C) 5 and (D) 10 µM groups.
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Cell viability. The cell viability results for days 2, 4 and 7 are 
shown in Figs. 4‑6, respectively. CCK‑8 values are shown as a 
ratio of the CCK‑8 result of the untreated control group. The 
cultures that were growing in the presence of risedronate on 
day 2 showed an increase in the CCK‑8 value at 5 µM (Fig 4). 
The relative value of the CCK‑8 assays at 1 and 5 µM of 
risedronate were 98.1±1.7 and 119.8±0.9%, respectively when 
the CCK‑8 result of the untreated control group on day 2 was 
considered 100% (100.0±8.8%).

The results for day 4 are shown in Fig. 5. Compared to this 
value, growing in the presence of risedronate at concentrations 
of 1 and 5 µM resulted in decreases in the CCK‑8 values, to 
89.3±11.5 and 87.1±9.6%, respectively, however, there were no 
significant differences (P>0.05).

The results for day 7 are shown in Fig. 6. Relative to this 
value, growing in the presence of risedronate at concentrations 
of 1 and 5 µM resulted in decreases in the CCK‑8 values to 
96.7±10.3 and 89.0±12.3%, respectively.

Discussion

The present study evaluated the effects of risedronate on the 
morphology, cell viability and mineralization under prede-
termined concentrations (1‑10 µM). The morphology of the 
cells exposed to risedronate produced fewer, rounder cells 
and alterations in the cytoskeletal organization. Risedronate 
clearly reduced the viability of mesenchymal stem cells.

Various application protocols for risedronate have been 
developed in order to optimize patient adherence and persis-
tence; this was possible due to the long terminal exponential 
half‑life of risedronate (8,9). Risedronate treatment (5 mg/day) 
increased bone mineral density at the lumbar, femoral neck 
and trochanter skeletal sites in patients recently initiated on or 
receiving long‑term corticosteroid therapy (10). Development 
of a 35 mg tablet for once‑a‑week administration has been 
suggested  (8,11). An alternative risedronate treatment of 
75 mg on two consecutive days each month was not inferior 
to the 5 mg daily treatment in terms of efficacy or safety after 
12 months, leading to a similar benefit (12).

The concentration of serum risedronate has been investigated 
in previous studies (13,14). Plasma concentration‑time profiles of 
risedronate were evaluated following a single oral administra-
tions at different dose times in association with breakfast, using 
healthy volunteers and a dose of 5 mg (13). Plasma concentration 
varied depending on dosage timing; the maximum concentra-
tion was 2.85 ng/ml when fasting without breakfast, 2.11 ng/ml 
at 30 min before breakfast, 0.19 ng/ml at 30 min after breakfast 
and 0.38 ng/ml at 3 h after breakfast (13). Another study showed 
that the dose‑adjusted (dose‑normalized to 1 mg) maximum 
concentration of a single dose with the oral administration of a 
30 mg tablet was 0.16 ng/ml (14). It should be taken into account 
that the actual concentrations at the niche surrounding the 
mesenchymal stem cell and preosteoblasts in the bone marrow 
could be higher than the average concentration in the serum due 
to the affinity of risedronate for the bone matrix (1).

The effects of risedronate on mesenchymal stem cells may 
differ between the studies. Risedronate at concentrations of 
0.3‑10 µM suppressed the formation of mineralized nodules 
and the expression of osteoblast gene markers, including bone 
sialoprotein and osteocalcin (7). The addition of risedronate 
resulted in a significant downregulation of gene sets for osteo-
blast differentiation and proliferation in endothelial progenitor 
cells  (15). Conversely, risedronate at 0.01  and  0.001  µM 
positively affected the osteogenic differentiation of human 
mesenchymal stem cells  (1). Estrogen‑deficient rats treated 
with a low dose (0.24 µg/kg) of risedronate showed enhanced 
osteoblast differentiation (16). The morphological changes and 
the reduced viability shown in the present study may be due to 
higher doses of risedronate. These contrasting effects of risedro-
nate may be attributed to the differences in culturing conditions, 
culturing periods, the type of cells and the system model (1,17).

Within the limits of the present study, risedronate in the 
tested concentrations produced notable alterations in cell 
morphology and reduced viability of mesenchymal stem cells. 

Figure 4. Cellular viability on day 2. *P<0.05 when compared with the control.

Figure 5. Cellular viability on day 4.

Figure 6. Cellular viability on day 7.
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Direct application of risedronate onto oral tissues may produce 
adverse effects at high doses. The concentration and applica-
tion time of risedronate should be meticulously controlled to 
obtain optimal results.
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