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Summary The characters in gingival fibroblasts derived from a nifedipine-reactive patient
(nifedipine responder: NIFr) and those from a nifedipine-nonreactive patient (nifedipine non-
responder: NIFn) are summarized, and investigated a possibility of tenidap, (�)-5-chloro-2,3-
dihydro-3-(hydroxy-2-thienylmethylene)-2-oxo-1H-indole-1-carboxamide, and 18a-glycyrrheti-
nic acid (18a-GA) as a therapeutics for gingival overgrowth caused by calcium channel blockers.
Tenidap discharges intracellular Ca2+ store, resulting in a depletion of intracellular Ca2+ store in
cultured human gingival fibroblasts. It also inhibited cell growth, DNA and collagen syntheses,
lowered intracellular pH in nicardipine responder cells, and enhanced matrix metalloproteinase-
1 formation in NIFr cells. 18a-GA inhibited cell proliferation and G1/S transition induced in NIFr
cells. It was also shown that cell cycle control proteins were down-stream targets in the growth-
inhibition activity of 18a-GA in NIFr cells. These results suggest that tenidap and 18a-GA might be
effective for the prevention of gingival overgrowth caused by calcium channel blockers.
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1. Introduction

Gingival overgrowth in response to anti-epileptics (phenytoin
and sodium valproate), immunosuppressants (cyclosporine
A), and calcium channel blockers (nifedipine, diltiazem,
verapamil, nicardipine, amlodipine, manidipine, and nisol-
dipine) is well-recognized. Particularly, many case reports
have implicated nifedipine (NIF), one of the dihydropyridine
calcium channel blockers, as a cause of gingival overgrowth
(first reported by Ramon et al. [1] and Lederman et al. [2]).
The incidence of gingival overgrowth due to NIF has been
reported to be 6.5% [3], 7.6% [4], more than 10% [5], 11.6%
[6], 15% [7], and 20% [8]. We also reported the incidences of
gingival overgrowth caused by amlodipine, diltiazem, man-
idipine, nicardipine, and nisoldipine were 1.1%, 4.1%, 1.8%,
0.5%, and 1.1%, respectively [4]. However, the mechanism of
the NIF-induced gingival overgrowth has not been well clar-
ified.We have previously demonstrated the difference on cell
growth, collagen synthesis, calcium response, intracellular
crosstalk, and cell cycle between gingival fibroblasts derived
from a NIF-reactive patient (NIF responder, NIFr) and those
from a NIF-nonreactive patient (NIF non-responder, NIFn).

In this review, the specific characters in NIFr and NIFn are
summarized, and a possibility of tenidap, (�)-5-chloro-2,3-
dihydro-3-(hydroxy-2-thienylmethylene)-2-oxo-1H-indole-1-
carboxamide, and 18a-glycyrrhetinic acid (18a-GA) was
investigated as a therapeutics for gingival overgrowth caused
by calcium channel blockers.

2. Characterize NIFr and NIFn cells

2.1. Response to calcium channel blockers on
proliferation, DNA and collagen syntheses

In general, the histological examination of the gingival speci-
mens from patients reactive to NIF medication revealed large
bundles of dense collagenous fivers with a moderate increase
of fibroblasts in addition to epithelial hyperplasia with
acanthosis and parakeratosis, and elongation of the rete
pegs. Thus, it was thought interesting to focus on gingival
fibroblasts obtained from NIFr and NIFn. As the first step of
the investigation, the difference between NIFr cells and NIFn
cells was studied. NIFr cells exhibited greater proliferation
rates and DNA and collagen syntheses than NIFn cells in the
presence of 1 mM of calcium channel blockers (nifedipine,
diltiazem, nicardipine, and verapamil) or phenytoin [9].
Therefore, it is possible that gingival fibroblasts from NIF-
reactive patients may be also susceptible to the other cal-
cium channel blockers, which indicates that those patients
who developed gingival overgrowth because of NIF medica-
tion may also develop it in response to other calcium channel

blockers. This was confirmed later, but not for nisoldipine
responder cells [10]. Thus, fibroblasts from patients reactive
to NIF and nicardipine medication gave a better cell prolif-
eration rate, DNA synthesis, and an increased number of EGF
receptors compared to non-drug-treated control, but not in
fibroblasts from patients reactive to nisoldipine medication.
In general, the presence of tooth and gingival crevice are
essential to generate drug-induced gingival overgrowth, sug-
gesting that the presence of gingival crevicular fluid might be
important for gingival overgrowth. Interleukin-1a (IL-1a)
predominates in gingival crevicular fluid and greater amount
of NIF is found in gingival crevicular fluid in the patients with
periodontal disease, it was interesting to investigate the
simultaneous effect of NIF and IL-1a on cell proliferation
and DNA synthesis. The presence of IL-1a resulted in greater
cell proliferation and DNA synthesis than in the presence of
NIF alone and NIFr cells showed greater response. The DNA
synthesis rate with a combination of NIF and IL-1a was also
higher than that for NIF or IL-1a alone. Thus, the interaction
between NIF and gingival inflammation might play an impor-
tant role in the pathogenesis of NIF-induced gingival over-
growth [11]. IL-1a also yielded significantly higher basic
fibroblast growth factor (bFGF) production and release,
and also enhanced bFGF mRNA expression. In addition, levels
of released bFGF were significantly higher in cells pretreated
with IL-1a, followed by bradykinin and thapsigargin in the
presence of extracellular Ca2+. The transient mobilization of
intracellular Ca2+ accelerated the release of bFGF in IL-1a-
pretreated cells, but not in untreated cells [12]. These
findings suggest that NIFr cells are more sensitive to NIF
and that IL-1a accelerate this sensitivity through bFGF for-
mation.

2.2. Response to stimulants on intracellular free
Ca2+ concentration

The cell proliferation in cultured fibroblasts involves a
sequence of biochemical events, which begin in part at
the cell surface by mitogen stimulation and progress tempo-
rally and spatially to the cell nucleus through signal trans-
duction pathways. Among the earliest of these events are
dramatic changes in intracellular free Ca2+ concentration in a
variety of cell types via a direct effect of inositol 1,4,5-
trisphosphate (IP3) on the ligand-activated calcium channels
in intracellular Ca2+-storing organelles [13,14]. Therefore, it
was interesting to investigate if there are any differences
between NIFr cells and NIFn cells against the stimulants, such
as bradykinin, thrombin, histamine, bombesin, prostaglan-
dins E2 and F2a, and platelet derived growth factor-BB. NIFn
cells showed a greater cytosolic calcium response to brady-
kinin, thrombin, prostaglandins E2 and F2a and platelet
derived growth factor-BB than NIFr cells. On the contrary,
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