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Diltiazem did not induce gingival overgrowth in rats.
A clinical, histological and histometric analysis

Diltiazem nao induziu crescimento gengival em ratos.
Analise clinica, histolégica e histométrica
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ABSTRACT: The administration of calcium channel blockers has been associated with gingival overgrowth. How-
ever, there are few studies in humans or animals that evaluated the effect of diltiazem on gingival tissues. The pres-
ent study assessed the influence of diltiazem, at different dosages and treatment duration, on gingival tissues of
rats, using clinical, histological and histometric analyses. Eighty young male rats were separated into eight groups
according to the dosage and duration of treatment. Rats were treated for 20 or 40 days with a daily subcutaneous
injection of 5, 20 or 50 mg/kg of body weight of diltiazem. The results confirmed that diltiazem did not induce
gingival overgrowth in rats. For all animals, the evaluation did not show gingival alterations regardless of the dos-
ages and periods of treatment. The histometric analysis showed no significant change in the area of epithelium and
connective tissues, although after 40 days of treatment a decrease in the area of connective tissue was observed,
without statistically significant difference from control groups. Within the limits of this study, we suggest that dil-
tiazem did not induce gingival overgrowth.

DESCRIPTORS: Diltiazem; Antihypertensive agents; Gingival overgrowth.

RESUMO: A administracao de bloqueadores dos canais de calcio tem sido associada com crescimento gengival; en-
tretanto, existem poucos estudos em humanos e animais que avaliaram o efeito do diltiazem nos tecidos gengivais.
O presente trabalho tem como objetivo avaliar o efeito do diltiazem, em diferentes dosagens e tempos de tratamen-
to, no tecido gengival de ratos, por meio de analises clinica, histolégica e histométrica. Oitenta ratos jovens machos
foram divididos em oito grupos de acordo com a dosagem e o tempo de administracdo. Os animais foram tratados
por 20 ou 40 dias com uma dosagem diaria de diltiazem de 5, 20 ou 50 mg/kg de peso corporal, por via subcuta-
nea. Os resultados confirmaram que o diltiazem nao induziu crescimento gengival em ratos. Para todos os animais
a avaliacdo nao demonstrou alteracoes gengivais, independentemente da dosagem e do periodo de tratamento. A
analise histométrica evidenciou auséncia de alteracao significante na area de tecidos epitelial e conjuntivo, em-
bora, apos 40 dias de tratamento, tenha sido observada diminuicao na area de tecido conjuntivo, nao significante
estatisticamente. Dentro dos limites deste estudo, sugerimos que o diltiazem nao induziu crescimento gengival.

DESCRITORES: Diltiazem; Anti-hipertensivos; Crescimento excessivo da gengiva.

INTRODUCTION

It is well known that drugs (e.g. cyclosporin
and calcium channel blockers) can cause gingival
overgrowth in humans*%1%* and experimental ani-
mals”?12.13.22.2428  Calcium channel blockers, anti-
hypertensive drugs, are extensively used in elderly
patients who have angina or peripheral vascular
disease. Diltiazem specifically inhibits the penetra-
tion of calcium ions into the smooth vascular and

cardiac muscle cells, promoting a decrease of the
myocardial contraction force?*.

The total number of annual prescriptions for
this class of antihypertensive agent has increased
in recent years. Gingival overgrowth associated
with nifedipine was first reported in the early
1980s'” and was later associated with verapamil?!
and, in rare cases, with amlodipine®!® and felo-
dipine!®1°,
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However, there are few studies in humans or
animals that evaluate the effect of diltiazem on gin-
gival tissues, including or not risk factors involved
in the etiopathogenicity of this lesion!®!21%23 The
present study evaluated the effect of various dos-
ages of diltiazem and its different administration
periods on the induction or not of gingival over-
growth in rats.

MATERIALS AND METHODS

All animal care and study protocols were in
compliance with the guidelines approved by the
Animal Experiment Committee of the School of
Dentistry of Araraquara, Sao Paulo State Univer-
sity.

Eighty Holtzman rats (Norvegicus albinus),
weighing approximately 70 g, were randomly dis-
tributed into eight groups of ten animals each.
All the rats were housed under similar conditions
and maintained on diet and water ad libitum. Two
groups were used as control and received subcu-
taneous injection of saline solution (JP Industria
Farmacéutica, Ribeirdo Preto, SP, Brazil) during
the experimental periods. Six groups received dil-
tiazem (Alcon Biosciences Pvt. Ltd., Mumbai, India)
therapy. Diltiazem was injected subcutaneously,
in a daily dose of 5, 20 or 50 mg/kg of body weight
for 20 or 40 days.

After the experimental periods, the rats were
put down. Each mandible was carefully removed
together with the surrounding gingival and soft
tissue and soaked in 10% formalin solution (Synth,
Diadema, SP, Brazil).

Clinical analysis

A single blinded examiner using a magnifying
glass evaluated whether any macroscopic charac-
teristic of gingival overgrowth was present on the
gingival tissue, such as an increase in volume of
the marginal gingiva and interdental papilla.

After macroscopic observations, the mandibles
were demineralized in Morse solution (Synth, Di-
adema, SP, Brazil) (50 ml of formic acid at 50%
and 50 ml of sodium citrate at 20%) and changed
every three days. Five-micrometer serial paraffin
sections were made on the bucco-lingual aspects of
the right first molars and stained with hematoxylin
(Mallinckrodt Baker Inc., Paris, Kentucky, USA)
and eosin (Nuclear, Diadema, SP, Brazil).
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Microscopic analysis

Microscopic analysis was performed on the
buccal gingiva of the lower first molars by the same
single blinded examiner, using a light microscope
BX51 (Olympus, Melville, New York, USA). Cell
adhesion, number of cell layers and presence or
not of deep papilla interdigitations were observed
on the epithelial tissue; and the morphology of
collagen fibers, cells and number of blood ves-
sels were observed on the connective tissue.

Histometry

Ten measurements were made in sections of
60 um intervals on the buccal side of each mar-
ginal gingiva in the region of the lower first molar.
The histometric analysis was performed using DIA-
STAR optical microscope (Leica Reichert & Jung
products, Wetzlar, Germany), object lens 10/0.25
(Leica Reichert & Jung products, Wetzlar, Germa-
ny) and adapted video camera (Sony DXC - 107A,
SONY Electronics Inc., Shinagawa-ku, Tokyo, Ja-
pan) connected to a computer. Gingival epithe-
lium and connective tissue areas were measured
with the Sigma Scan computer program (Mocha,
Jandel Scientific, San Rafael, CA, USA). The ar-
eas were delineated by the end of the junctional
epithelium. Statistical analysis was based on the
mean value from each animal. Figure 1 shows the
areas measured.

FIGURE 1 -
Identification
of the sites for
measurement
of connective
tissue (1) and
epithelial areas
(2) for each
histological
section.
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Statistical analysis

Statistical evaluation of the histometric analy-
sis was performed by one-way analysis of vari-
ance (ANOVA) using the dosage as a factor and by
Student’s t-test using the period as a factor. Effects
were considered significant at p < 0.05.

RESULTS
Macroscopic and microscopic data

All animals survived the experimental periods.
All rats treated with diltiazem did not present any
alterations in body mass, regardless of the dose
and duration of treatment, in comparison with
control groups (p = 0.455).

The macroscopic analysis of the lower molar
gingiva of rats in both control and experimental
groups, in the buccal and lingual regions, pre-
sented similar clinical aspects. The gingiva sur-
rounded the cervical portion of the teeth, ending in
a tapered form. It also had clear papillae between
all the lower molars.

In addition, no microscopic alterations in the
gingival tissues were observed, regardless of the
treatment. In all groups, the epithelium present-
ed 3-5 layers of cells without hyperplasia or deep
papilla interdigitations and the connective tissue
presented normal quantity of collagen fibers, some
macrophages or plasma cells and normal blood
vessels.

Histometry

Table 1 shows the results of one-way ANOVA,
used to evaluate the effect of the different dos-
ages (control, 5, 20 and 50 mg/kg) of diltiazem
administration on the connective and epithelial
tissue areas. No significant difference was observed
between the mean values of connective and epi-
thelium tissue areas when all the different dos-
ages were compared in each period of treatment
(p > 0.05).

Table 2 shows the results of the Student’s t-
test, used to assess the effect of treatment duration
(20 and 40 days) on the connective and epithelial
tissue areas. No statistically significant difference
was observed between the mean values of con-
nective and epithelium tissue areas when both
periods were compared with each different dosage
of diltiazem (p > 0.05).

TABLE 1 - Histometric analysis of the influence of dif-
ferent doses of the drug on the connective tissue area
(A1) and the epithelial tissue area (A2) of the lower first
molar buccal gingiva (n = 10).

Area | Period Dose Mean = SD ANOVA
(days) | (mg/kg) (mm?) test

Control | 21.78 + 9.61
5 17.64 + 8.85

Al 20 p =0.550
20 16.66 + 5.30
50 19.96 + 6.08
Control | 31.78 + 9.57
5 2790+ 6.93

A2 20 p = 0.697
20 2747+ 7.79
50 30.55+ 6.83
Control | 16.04 + 3.54
5 12.71 + 3.54

Al 40 p=0.192
20 17.48 + 6.82
50 17.65+ 7.51
Control | 34.83 + 4.69
5 27.24+11.13

A2 40 p=0.211
20 32.64 + 7.40
50 29.41+ 9.36

TABLE 2 - Histometric analysis of the influence of pe-
riods of administration on the connective tissue area
(Al) and the epithelial tissue area (A2) of the lower first
molar buccal gingiva (n = 10).

Area Dose Period Mean + SD Student’s
(mg/kg) | (days) (mm?) t-test
20 21.78+ 9.61
Control p=0.102
40 16.04 £ 3.54
20 17.64 £ 8.85
5 p=0.131
Al 40 12.71+ 3.54
20 16.66 + 5.30
20 p=0.765
40 17.48 + 6.82
20 19.96 £ 6.08
50 p =0.459
40 17.65+t 7.51
20 31.78+ 9.57
Control p =0.381
40 34.83* 4.69
20 2790+ 6.93
5 p=0.874
40 27.24+£11.13
A2
20 2747+ 7.79
20 p =0.146
40 32.64 £ 7.40
20 30.55 %t 6.83
50 p=0.760
40 2941+ 9.36
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DISCUSSION

Rats have been used extensively to study the
effects of drugs on the gingiva, and their tissue
overgrowth is similar to that of humans. Moreover,
the rat model is convenient because the animals
are small, inexpensive and easy to care for?. In
fact, response in rats is more uniform than that in
humans, and many variables are better controlled,
such as genetic predisposition, gender, age, dose
and duration of treatment!®.

With respect to the growth of rats, it was not-
ed that diltiazem did not affect their weight gain,
which is in agreement with the findings of Mori-
saki et al.® (1993), Ishida et al.'® (1995), Fu et al.®
(1998), and Morisaki et al.?? (2000).

Concerning the clinical aspect, it is known
that gingival overgrowth in humans occurs with
generalized gingival increase, which is lobulated,
with probable interdental origin, also involving the
gingival attachment, and is more pronounced in
the anterior buccal and lingual region!#5#810.11,18.20,
In animals, Fu et al® (1998) found that the ad-
ministration of nifedipine resulted in significant
increase in the gingival dimensions (buccallingual
width, mesiodistal width and vertical height), de-
pending upon the dosage and duration of treat-
ment. Similarly, Spolidorio et al.?® (2002), while
performing macroscopic and microscopic evalu-
ations of the gingival morphology in rats treated
with nifedipine and/or cyclosporine, observed
significant gingival overgrowth. However, in the
present study, none of the animals presented mac-
roscopic gingival overgrowth.

Histological evaluation in this study showed
that the gingival tissue of the experimental groups
(treated with diltiazem) presented normal charac-
teristics, similar to that of control groups. Never-
theless, other authors?%%1° evaluated the gingival
tissue of humans treated with diltiazem and ob-
served the presence of histological characteristics
such as the presence of increased epithelium with
parakeratosis, acanthosis and elongated rete pegs.
In relation to the connective tissue, the studies
evidenced bundles of collagen fibers and a funda-
mental substance presenting a large quantity of
glycosaminoglycans, an increased number of fibro-
blasts, vascularization and moderate inflammatory
reaction with presence of lymphocytes and plasma
cells surrounding the vessels!!17:1821,26.27,

Considering the time factor, according to Ni-
shikawa et al.?®> (1996), the minimum period of
drug administration for gingival overgrowth visual-
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ization induced by phenytoin, cyclosporine and/or
nifedipine is 20 days, tending towards stabilization
after 40 days. Therefore, this study evaluated the
influence of various diltiazem concentrations after
20 and 40 days of administration.

The result of the histometric analysis showed
that the periods of 20 or 40 days were not sufficient
to induce gingival growth for any of the diltiazem
concentrations studied (Table 2). On the other
hand, Morisaki et al.?? (2000) observed significant
gingival overgrowth in rats that received 1,000 ug/
g of diltiazem for 10 days + 6,000 pg/g of diltiazem
in their diet during 30 days, reaching a plasma
concentration of the drug of 19.8 ng/ml.

The findings of Morisaki et al.?? (2000) contra-
dict the results of this study. However, it should
be highlighted that the method of diltiazem ad-
ministration, as well as its concentration, were
different, since the mentioned author assessed
much larger dosages.

Furthermore, duration of drug administration
necessary for macroscopic visualization of gingival
tissue alteration varies considerably according to
the type of medicine. For rats, Nishikawa et al.?®
(1996) demonstrated that the minimum time for
visualization of gingival overgrowth induced by cy-
closporine and phenytoin or nifedipine is 20 days.
Nyska et al.?” (1990) established a period of eight
to nine months as the minimum time for inducing
macroscopic gingival alterations in rats treated
with oxodipine.

To evaluate the effect of different diltiazem
concentrations, the animals were separated into
four groups (0, 5, 20 and 50 mg/kg). Admitting
that a dose of 5 mg/kg corresponds to the aver-
age intake of an adult with hypertension, larger
doses were used to assess the influence of dose
increase on the gingival tissue, according to ex-
perimental protocols used in other studies that
evaluated gingival overgrowth induced by nifedip-
ine7,9,12,13,22,23,28.

The present study demonstrated no significant
difference between groups for the connective and
epithelium tissue areas, neither when different
doses (5, 20, 50 mg/kg) of diltiazem were used
(Table 1), nor when both periods of treatment (20
and 40 days) were evaluated with each different
dosage (Table 2), suggesting that the drug concen-
tration and treatment duration did not influence
gingival alteration.

On the other hand, Fu et al® (1998) demon-
strated that gingival overgrowth induced by nife-
dipine was influenced by drug concentration ad-
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ministered in the diet. The group that received
50 mg/kg of nifedipine increased gingival dimen-
sions when compared with the group that received
only 30 mg/kg of it or with the control group. In
addition, Ishida et al.'® (1995) observed that the
concentration of nifedipine administered in the
diet can influence the concentration of the drug
found in blood plasma. It was proven that plasma
drug concentration in male rats with gingival over-
growth was lower than that in females, which also
presented this alteration; this shows that the use
of male rats is more promising. For this reason,
drug concentration in blood plasma may be an
important factor to set off gingival alterations.

Although in this study no gingival overgrowth
induced by diltiazem in rats was observed, other
studies should be carried out to understand if
larger concentrations of the drug or longer peri-
ods of drug administration might cause gingival
alteration.

It must be highlighted that hypertension is
now considered a public health problem and that
the incidence of young patients with this alteration
is rising rapidly throughout the world. Consid-
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