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NEW METHOD FOR LOCAL DRUG DELIVERY USING RESORBABLE BASE

MATERIAL IN PERIODONTAL THERAPY
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ABSTRACT

A new method for local drug delivery to the subgingival plaque was developed using
hydroxypropylcellulose (HPC) as a base material. Using this material prepared in the form of
strips containing antimicrobial drugs, the clinical and microbiological effects by this method on
the human periodontal disease were studied.

Before the clinical trials, the rate of the drug release from the strips was studied. Both
drugs used in this study (CH: chlorhexidine and TC: tetracycline) were released almost within 2
hours from the strips in vitro. In the gingival crevicular fluid, however, it was found that the TC
was maintained for 24 hours after the local delivery.

Five patients who had deep pockets contralaterally were selected. The CH-containing HPC
strips (5%) were applied in one pocket of each patient and the placebo strips were applied in
other pocket on day 0, 2 and 4. Plaque Index, Gingival Index, probing depth and the presence

or absence of bleeding on probing were recorded on day 0, 2, 4 and 6.
Marked reduction of bleeding on probing was found in the pockets applied the CH-con-

taining HPC strips.
asaccharolyticus in these pockets (p<<0.01).

There was a significant reduction in the proportion of Bacteroides

Key words: Periodontal Disease, Chemical Plaque Control, Local Drug
Delivery, Hydroxypropylcellulose.

INTRODUCTION

Based on the microbiological studies, it
is well documented that the subgingival
plaque, in which the gram-negative an-
aerobic rods are predominant, is associ-
ated with the destructive periodontal dis-
ease (Slots [1]; Listgarten and Helldén
[2]; Tanner et al. [3]). For the purpose of
controlling the subgingival plaque in dif-
ferent ways from the conventional meth-
ods, several studies have been made

(Goodson et al. [4]; Lindhe et al. [5];
Addy et al. [6]; Yeung et al. [7]; Coventry
and Newman [8]; Goodson et al. [9];
Soskolne et al. [10]; Dunn et al. [11]).
These methods, using hollow fiber de-
vices or acrylic resin strips and mono-
lithic fibers, seem to be effective in
changing the microflora in the periodon-
tal pockets and in improving the peri-
odontal inflammation. However, for the
routine use of these methods in the treat-
ment of the periodontal disease, all these
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methods require carriers in the drug
administration. One of the problems of
these methods is to require the removal
of the carrier at regular intervals from
the pockets after the release of the drugs.
The other is the lack of retention of the
carrier in periodontal pockets.

To solve these problems, we devised a
new method for the access to the subgin-
gival plaque. The base material used in
this method is made of hydroxypropyl-
cellulose (HPC). HPC dissolves slowly in
contact with the saliva or gingival crevi-
cular fluid and adheres to both the tooth
surface and the soft tissue. Using this
material containing antimicrobial agents
prepared in the form of strips, it is pos-
sible to deliver the drugs directly to the
periodontal pockets.

The purpose of the present study is to
introduce our new method and to inves-
tigate both in vivo and in vitro the drug
release from the strips. The microbio-
logical and clinical effects of this method
on the human periodontal disease were
also studied.

MATERIALS AND METHODS

Preparation of drug-containing HPC strips

The chemical structure of HPC is as
shown in Fig. 1. The drug-containing
strips were prepared as follows: Twenty-
eight grams of HPC powder were dis-
solved in 500 g of ethanol (99.5%) and at
the same time 0.28 g of tetracycline (1%
TC) or 1.4 g of chlorhexidine (5% CH)
were added. The solution was poured
into the plates (7 mm deep) up to the
brim. Under reduced pressure, the solu-
tion was dried to form a sheet of 300 um
thickness after 24 hours. The sheet was
cut into strips and used for this study.

In vitro release of drugs from strips

A sheet of 300 um thick was cut into
2.5cmX5 cm  strips. Each strip was
weighed, put in a vessel containing 300
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Fig. 1. Chemical Structure of Hydroxypropylcel-
lulose (HPC).

m!/ of distilled water and incubated at
37°C, rolling at 100 rpm. Five milliliters
of water were pipetted off at each sampl-
ing time and replaced with an additional
5 ml of distilled water. The sampling
time was every 5 minutes for the first 60
minutes and thereafter every 10 minutes
between the 60-minutes and 120-minutes
period, every 20 minutes between the
120-minutes and 240-minutes period,
every 30 minutes between the 4-hours
and 6-hours period. For the sets of three
test strips of drugs (CH and TC) and
placebo strips, the concentration of the
drugs in the water dissolved from each
strip was determined by measuring the
absorption peak at 253 nm for CH and
357 nm for TC on the UV/visible spec-
trophotometer*®,

In vitro solubility of base material (HPC)

wn distilled water

The concentration of HPC in the gin-
gival crevicular fluid was measured using
a simulation model in vitro. This model
was prepared as shown in Fig. 2. The
TC- containing HPC strip was placed in
the glass tube (b) and the distilled water
was added from the the top of the glass
tube (a). The flow rate of the distilled
water was 1 m/ per hour, controlled by

*% Hitachi Spectrophotometer 124, Hitachi Ltd.,
Tokyo.



LOCAL DRUG DELIVERY IN PERIODONTAL THERAPY 147

a o
d
Pump _w
8
W 0 r TC-containing Strip 3
§ Distilled
Water
C

Fig. 2. Simulation Model of GCF Flpw.

Fig. 3.

an electric pump**. The water flowing
out of the glass tube was gathered in the
beaker (¢). One milliliter of water was
pipetted off at each sampling time. The
concentration of HPC in the water was
measured by the phenol-sulfuric acid
method. The concentration of TC re-
leased in the water was also measured by
the UV spectrophotometer.

Accessibility of the HPC strips to the bottom

of pockets

*4 Peristaltic
Sweden.

Pump 1200, Varioperpex, LKB,

Insertion of HPC Strip Into Periodontal Pocket.

Twenty-four deep pockets (=5 mm) in
12 patients were selected. The single
HPC strip was cut into a size of 10 mm in
length and 1 mm in width and inserted
into each pocket (Fig. 3). The length of
the strip inserted into the pocket was
compared with the probing depth to as-
certain the accessibility of the strips to
the bottom of pockets.

In vivo release of drug from strips

Nine patients who had deep pockets of
more than 5 mm were selected. The gin-
gival crevicular fluid (GCF) was sampled
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with microcaps*®, 24 hours after the app-
lication of the TC-containing strips. The
GCF was transferred into a test tube
containing 1 m/ of distilled water. The
concentration of TC in the GCF was
measured in the same way as by the in
vitro determination. The background
absorbance was determined by the meas-
urement of the GCF taken from the same
pockets before the insertion of the strips.
Clinical and microbiological observations
Five patients, who had deep pockets
(more than 5 mm) contralaterally, were
selected for the clinical and microbiologi-
cal investigation. They had not received
any antibiotics for 6 months prior to this
study and no instruction in oral hygiene
was given to these patients. The CH-
containing strips (5%) were applied to
one pocket of each patient and the pla-
cebo strips, which did not contain CH,
were applied to the other pocket on day
0, 2 and 4. Plaque Index (PlI) (Silness
and Lée [12]), Gingival Index (GI) (Lée
and Silness [13]), probing depth and the
presence or absence of bleeding on prob-
ing were recorded on day 0, 2, 4 and 6.
Microbial samples from the bottom of
the pockets were taken by a tuberculin
syringe on day 0 and 6. The samples
were dispersed under CO: gas flush by
sonic oscillation (100 W ultrasonic dis-
integrator*®), for 20 seconds at the amp-
litude of 6 um. Ten-fold serial dilution
was performed. Following the disper-
sion and dilution, 0.2-m/ aliquots were
spread on the enriched BHI*" agar pla-
tes. After seven days of anaerobic incu-
bation, a high dilution plate containing
20-50 isolates was chosen for further
study. They were immediately cultured
anaerobically and were identified by the

*#5 Drummond Scientific Co., USA.

#¢ Ultrasonic Disintegrator MK2, MSE Incorp.,
England.

*7 BBL., USA.
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Minitek system™*®.

RESULTS

The rate of the release of chlorhex-
idine (CH) and tetracycline (TC) from
the strips are shown in Fig. 4 and 5. The
vertical axis shows the mean value of the
three measurements (%) and the hori-
zontal axis the time (h). For CH, it was
found that about 90% of the amount
mixed in the material was released after
one hour and almost 100% after 2 hours.
For TC, it was found that more than 80%
of the amount mixed in the material was
released within one hour and almost
100% within 2 hours.

The amount of HPC dissolved and TC
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Fig. 4. Rate of Release of Chlorhexidine From
Strips. (5%)
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Fig. 5. Rate of Release of Tetracycline From
Strips. (1%)

* BBL., USA.
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Fig. 7. Differences Between Probing Depth and
Length of Strips Inserted.

released in the water is illustrated in Fig.
6. The maximum amount of TC re-
leased was at one hour and this de-
creased rapidly during the next 2 hours,
but the rate of decrease was low from 3
hours to 20 hours. On the other hand,
the amount of HPC reached the peak at 3
hours and then gradually decreased. Af-
ter 24 hours, neither HPC nor TC could
be detected.

The difference between the probing
depth and the length of the strips insert-
ed into the pockets is shown in Fig. 7.
From these results, it is clear that the
strips can be inserted to the bottom of the

2
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Fig. 6. Amount of HPC Dissolved and TC Released in Water in Simulation
Model.
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Fig. 8. Amount of TC in GCF After 24 Hours in
V100.
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periodontal pockets in most cases.

The amount (%) of TC in the GCF 24
hours after the insertion of the TC-
containing strips into the pocket is shown
in Fig. 8. As the measurement was per-
formed on the basis of the UV absorb-
ance, the background absorbance at this
wave-length for GCF is shown in the
same figure (left). A significant differ-
ence was found between the control
group and the experimental group
(p<0.05).

In Fig. 9, the change of PlI, GI and
probing depth are shown. The straight
line shows the results at the experimental
sites and the dotted line at the control
sites. At the control sites, no significant
difference could be found during the
experimental time regarding the PII, GI
and probing depth. At the experimental
sites, the probing depth, GI and PII were
decreased but there was no significant
statistical difference found on experi-
mental day (p<0.05). In Fig. 10, the
changes in bleeding on probing are
shown. A significant reduction of bleed-
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Fig. 11. Proportion of Bacteroides asaccharolyticus.

ing was found at the experimental sites
(p<<0.05). Fig. 11 shows the results of the
microbiological examination. The per-
centage shown on the vertical axis means
the proportion of Bacteroides asaccharolyti-
cus to the total cultivable microbial count
in the subgingival plaque. A significant
difference was found between the exper-
imental sites and the control sites on day
6 (p<0.01).

DiscussionN

Taking into account the limited access
of the instruments to the deep periodon-
tal pocket for scaling or root planing, it is
very important to attack the subgingival
plaque by chemotherapeutic agents.
However, the systemic administration of
drugs is not practical except in the case
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of acute periodontitis or acute gingival
infections because of the various side
effects such as development of resistant
strains and gastrointestinal disturbances.

Thus, methods for the local drug de-
livery to the subgingival plaque have
been studied by several investigators.
Goodson et al. [4] and Lindhe et al. [5]
used hollow fibers filled with tetracycline
as a device to carry the drug to the
subgingival plaque. In order to achieve
the same purpose, Addy et al. [6] and
Yeung et al. [7] used acrylic resin strips,
Coventry et al. [8] dialysis tubes and Sos-
kolne et al. [10] ethyl cellulose films.
Some changes in the bacterial flora in the
pocket and other favorable clinical re-
sults have been reported in the patients
treated by these methods. However, the
lack of adhesion of the devices used in
the local drug delivery produces a tend-
ency to be dislodged or lost between the
placement time (Yeung et al. [7]; Sos-
kolne et al. [10]).

On the other hand, some investigators
have been trying direct irrigation by the
use of a syringe and blunt needle (Hardy
et al. [14]; Soh et al. [15]; Wieder et al.
[16]). In these cases, aqueous solutions
are applied as chemotherapeutic agents
but there is no possibility of these agents
to penetrate to the apical plaque border
(Pitcher et al., [17]).

In this investigation, we used hydroxy-
propylcellulose (HPC) as the base mate-
rial and tried to apply the drugs directly
to the subgingival plaque. HPC is a non-
toxic and water-soluble polymer. Any
kind of ‘drugs, for example antibiotics
and antiseptics, can be mixed easily with
this material without affecting its origi-
nal property.

The HPC containing 1% tetracycline
or 5% chlorhexidine formed solid and
elastic strips. These strips were inserted
easily into the bottom of the periodontal

pocket  without discomfort
(Fig. 4).

The in vitro release of the drugs from
these strips showed that almost 100% of
this material added was released within 2
hours (Fig. 4, 5). It is favorable that the
drug is released rapidly at a relatively
high concentration and stays for a long
time in the pocket. With our method, it
was found that the drug was released
rapidly from the material at a high con-
centration, and the concentration of the
drug released into the pocket can be
controlled by altering the concentration
of the drug mixed in the strips.

The assay of the TC level in the gingi-
val crevicular fluid after 24 hours reveals
that approximately high levels of TC
were still maintained (Fig. 8). The
mechanism of the drug release and/or
the drug remaining in the pocket are not
known. But, the viscous property of the
HPC in both the soft tissues and hard
tissues and the adsorption of TC to the
teeth (Baker et al. [18]) may have played a
significant role for the TC to remain in
the gingival fluid.

It is important to know whether the
base material (HPCQC) itself will be washed
away by the gingival fluid or remain in
the pocket after the release of the drug.

The study to clarify this point in vitro
by preparing a simulation model using
the TC-containing strips was carried out.
According to these results, the TC was
released rapidly also in this model at
almost the same rate as shown in Fig. 5
and the HPC dissolved more slowly in
the water. But after 24 hours HPC could
not be detected. It may be suggested
from these results that the base material
do not remain in the pocket after the
drug was released .

From the clinical results obtained in
this study, it was found that Plaque In-
dex, Gingival Index, probing depth and

patient
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bleeding on probing tended to be less
when the CH-containing strips were in-
serted. A statistically significant im-
provement was found in bleeding on
probing. Lindhe et al. [5] reported the
same results regarding the GI and bleed-
ing on probing. Coventry et al. [8] pub-
lished the same report on the reduction
of bleeding on probing in acute peri-
odontal inflammation.

The results obtained from the micro-
biological studies showed that the CH-
containing HPC altered effectively the
microbiological composition of the sub-
gingival plaque. Soskolne et al. [10] men-
tioned that the CH-treated group show-
ed a marked decrease in the relative
proportion of motile rods and spiro-
chetes using the dark field microscopy.
In our method using the anaerobic cul-
ture technique, a significant reduction of
Bacteroides asaccharolyticus was observed
(Fig. 11). In spite of the difference in
the microbiological technique between
our method and that of Soskolne et al.
[10], both results are almost similar re-
garding the significant reduction of the
microorganisms found in advanced adult
periodontitis.

This new direct drug delivery using
the HPC as a base material was found to
be effective to control the subgingival
plaque and at the same time to produce
signs of clinical improvement. However,
further studies will be necessary regard-
ing optimal concentration of TC and/or
CH contained in the strips and the long
term clinical effects of both drugs. And,
furthermore, future study would include
the establishment of the role of this new
method in the entire conventional perio-
dontal therapy.
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