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Summary

Compacts containing tetracycline hydrochloride and polyhydroxybutyric acid (PHB) were evaluated in vitro in simulated saliva
pH 6.6 at 37° C. Variation in compression pressure over the range 106-318 kg - cm ™2 had negligible effect on drug release. Increase
in drug loading from 30% to 60% caused a progressive increase in drug release. Decrease in average molecular weight of PHB or
alteration to polylactic acid tended to reduce drug release. Increasing copolymerization of PHB with hydroxyvalerate tended to
increase the initial drug release. Compacts containing 50% tetracycline hydrochloride physically dispersed in PHB as confirmed by
differential scanning calorimetry, were evaluated in a panel of 12 patients suffering from gingivitis. The mean salivary level of drug
produced was in the therapeutic range over the 10 day study period. The average plaque index, gingival index and pocket depth of the
treated group showed desirable reduction in comparison to the control group, but the clinical improvement was not maintained when
treatment was stopped. Examination of plaque samples by dark-field, phase-contrast and fluorescence microscopy with gram-staining

confirmed a favourable alteration in microbial flora during treatment.

Introduction

Various pharmaceutical formulations contain-
ing antimicrobial agents are available for the topi-
cal treatment of oral diseases. They include
lozenges, mouthwashes, aerosols and gels. How-
ever, none of the existing products have effective
extended release, but are associated with an initial
burst of active ingredient whose level rapidly de-
clines to sub-therapeutic concentrations. Apart
from compliance problems involved in frequent
administration, such products are unsuitable for
effective therapy overnight or for the long-term
maintenance of drug levels of benefit in the treat-
ment of periodontal disease. The latter condition

includes gingivitis, acute necrotizing ulcerative
gingivitis, periodontitis and periodontosis, the
more severe forms of which may require systemic
treatment with antibiotics, notably tetracycline,
with the concomitant side-effects of prolonged
oral therapy.

Various micro-organisms are considered to be
involved in the initiation and progression of peri-
odontal disease (Kelstrup and Theilade, 1974). It
seems probable that specific groups of bacteria are
associated with particular clinical forms of the
disease (Marsh, 1980). Healthy periodontal condi-
tions have simple bacterial populations that pre-
dominantly consist of non-motile coccoid and
filamentous forms. Destructive periodontal dis-
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ease is associated with a more complex microflora
and increased numbers of spirochetes and motile
rods are present in subgingival plaque at diseased
sites (Listgarten and Hellden, 1978).

Polyhydroxybutyric/ polyhydroxyvalerate
(PHB/PHY) polymers and copolymers are slowly
biodegradable and are considered to have poten-
tial for use in controlled drug delivery systems as
also have the more biodegradable polylactic acid /
polyglycolic acid (PLA/PGA) polymers and
copolymers which do not compress as well. Com-
pacts containing PHB were shown by Korsatko et
al. (1983a and b) to prolong release of 7-hydroxy-
ethyltheophylline in vitro and in vivo. Similar
studies have also been carried out on PHB micro-
particles containing sulphamethizole by Brophy
and Deasy (1985), who confirmed the suitability
of this range of polymers for controlled release
purposes.

Materials and Methods

Materials

Acetic acid, ethylenediaminetetraacetic acid
disodium salt (EDTA), sodium chloride (Riedel de
Haen), acetonitrile (HPLC grade; Rathburn
Chemicals), acridine orange, citric acid monohy-
drate, Cocktail T, dilute fuchsin, disodium hydro-
gen orthophosphate dodecahydrate, ethanol,
iodine, Methyl violet, potassium nitrate (British
Drug Houses), Concise composite (3M), helium
(Irish Industrial Gases), immersion oil (Gurr), te-
tracycline hydrochloride (Sigma), polyhydroxy-
butyric acid (PHB; mol.wt. 1 X 10, 2 X 10°, § X
10°), polyhydroxybutyrate-co-polyhydroxy-
valerate (PHB/PHV; 17 or 30 mole % hydroxy-
valerate, mol.wt. 1.7 X 10°> and 5 x 10* respec-
tively; Marlborough Biopolymers), poly(DL =
lactic acid) (PLA, mol.wt. 5 X 104, Polysciences)
and glass-distilled water were used. All reagents
were GPR unless otherwise specified.

Methods
Preparation of compacts

The components of each system were physically
mixed together in the desired proportions using a

TABLE 1

Compacts weighing 80 mg and 2 mm in thickness containing
tetracycline hydrochloride (THCI) and a matrix (mx) of PHB,
molwt. 1X10°, 2X10°, 5%10° (mxl, mx2, mx3), PLA (mx4)
or PHB/PHYV 17 mole % and 30 mole % (mx3, mx6) with both
faces flat (types 1-12) or one face flat and one convex (type 13).
Compacts 12 and 13 weigh 40 mg

Compact Composition Diameter Compression
type (%) (mm) force
THCL : mx (kg-cm~2)
1 50:50 mx2 75 212
2 50:50 mx2 7.5 106
3 50:50 mx2 1.5 318
4 30:70 mx2 7.5 212
5 40:60 mx2 7.5 212
6 60: 40 mx3 7.5 212
7 50:50 mx1 7.5 212
8 50:50 mx3 7.5 212
9 50:50 mx4 7.5 212
10 50:50 mx$ 7.5 212
11 50:50 mx6 7.5 212
12 50:50 mx2 5 177
13 50:50 mx2 5 177

mortar and pestle. A suitable quantity of the
mixture was then loaded into a punch and die set
with the required dimensions and a chosen com-
pression force was applied using an infrared press.
Various features of the compacts manufactured
are given in Table 1.

Dissolution studies

Each compact was bonded onto an extracted
molar tooth using Concise so that only the upper
face was exposed prior to immersion into the
dissolution medium at 37°C, which was shaken
twice daily. The absorbance of the dissolution
medium was read at 353 nm using a UV spectro-
photometer (Pye Unicam SP8-100) and the con-
centration of drug calculated by reference to a
linear calibration curve constructed at the same
pH. Absorbance values of potential interfering
substances were negligible.

Gingivitis study

The clinical trial protocol was approved by the
Dublin Dental Hospital Ethics Committee and the
National Drugs Advisory Board. Twelve subjects,



aged 18-45 years, who had been clinically di-
agnosed as suffering from gingivitis were selected.
Oral hygiene instruction was given to all on day 0.
Six of the subjects had a type 13 compact bonded
to an upper molar using Concise on day 7 and the
remainder of the compact and bonding material
was removed on day 17. Salivary samples were
taken from the patients fitted with the compacts
over the 10 day treatment period for measurement
of drug levels.

Various clinical indices were evaluated for 8
teeth in each patient at the specified intervals.
Plaque index after Silness and Loe (1964), which
is a measure of oral hygiene, and gingival index
after Loe and Silness (1963), which is a measure of
gingival inflammation, were evaluated on a scale
of 0-3 at 4 sections (buccal, lingual, mesial and
distal) of each tooth. A score of 0 indicates no
plaque or inflammation and a score of 3 indicates
severe plaque or inflammation, respectively. The
pocket depth, which is a measure of the severity of
periodontal disease, was measured in mm at 6
locations around each tooth with a calibrated
probe. Supragingival plaque samples were taken
on the tip of a curette and suspended in 2 ml
saline by vigorously agitating the tip in the saline.
These samples were used to monitor the microbial
flora.

Measurement of tetracycline salivary levels

Reversed-phase high-performance liquid chro-
matography (HPLC) was used to assay the drug
content of the saliva samples using a modification
of the method of Knox and Jurand (1979). A
Shimadzu LC-5A liquid chromatograph equipped
with a Shimadzu SPD-2A variable wavelength UV
detector was used. Output from the detector was
plotted and analysed using a Shimadzu C-R3A
chromatopac integrator. The column used was a
10 cm Hypersil 5 ODS protected by a 5 cm
precolumn packed with the same material. The
mobile phase was a mixture of distilled water and
acetonitrile (81.5:18.5 v/v) containing 3 X 1073
M EDTA, 1.1 X 10°2 M KNO? and acetic acid to
give a pH of 3.0. It was filtered through a 0.22 pm
membrane filter (Matricel, Gelman) and degassed
with helium prior to use.
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The columns were preconditioned with the mo-
bile phase until a stable baseline was obtained. A
flow rate of 2 ml- min~! was used and the eluent
was monitored at 353 nm. In each case 20 ul of
sample was injected. Several standards of tetra-
cycline hydrochloride in mobile phase were run to
establish injection to injection reproducibility.
Blank saliva samples and saliva samples spiked
with drug were run to ensure no interference
would occur between the drug and other compo-
nents of the saliva. Saliva samples were then in-
jected to determine their level of tetracycline hy-
drochloride. Drug standards were injected daily
between samples to obtain the required linear
calibration plot of peak area versus concentration.
The retention time of the drug was 4.21 min. The
average saliva concentrations of lipids, fatty acids
and proteins are considerably lower than those in
plasma. Consequently the complex extraction pro-
cedures often used when assaying plasma samples
are not generally required when monitoring the
content of saliva samples.

Microscopy of plaque samples

(a)Dark-field and phase-contrast. To minimize
loss of bacterial mobility, slides were prepared
immediately after collection of plaque samples for
examination within 1 h. Each plaque sample was
coded so that the treatment received by the pa-
tient was unknown to the person doing the mi-
croscopy. The suspension of plaque in 2 ml of
0.85% sodium chloride solution was dispersed by
aspirating and expelling the fluid through a dis-
posable syringe fitted with a 23-gauge needle. One
drop of suspension was placed on a glass slide and
a coverslip applied. The preparation was ex-
amined by dark-field microscopy at a magnifica-
tion of 1000 X under oil using a Nikon micro-
scope. If the preparation was observed to be too
dense, the sample was diluted with additional
saline and another slide prepared. The bacteria
from 3 fields, each containing about 100 organisms
and selected at random, were classified as cocci,
rods (motile and non-motile), fusiforms and
spirochetes. The above procedure was repeated for
phase-contrast microscopy using a Zeiss micro-
scope.
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(b) Gram-stain and fluorescence. One drop of a
suitable dilution of the bacterial sample was spread
on a glass slide, allowed to dry, heat-fixed in a
bunsen flame and gram-stained. The organisms in
3 fields, each containing about 100 organisms and
selected at random, were counted at a magnifica-
tion of 1000 X under oil using a Zeiss microscope.
For fluorescence studies one drop of a suitable
dilution of the sample was spread on a glass slide,
allowed to dry and heat-fixed as above. It was
then stained using a few drops of Acridine orange
solution 0.05%. After S min the acridine orange
was washed off with water, the slide air-dried and
3 random fields each of about 100 organisms were
counted at 1000 X under oil using a Nikon micro-
scope.

Differential scanning calorimetry (DSC)

The thermal behaviour of tetracycline hydro-
chloride and PHB (mol.wt. 2 X 10°) was examined
alone and in combination, using a Mettler TC 10A
TA Processor and an Epson FX-800 printer.

Results

In vitro dissolution studies
Fig. 1 shows the in vitro release of tetracycline
hydrochloride from type 1 compacts which con-
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Fig. 1. In vitro release of tetracycline hydrochloride from PHB
compacts (type 1) with 50% drug loading. The bar represents
+1S.EM.
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Fig. 2. In vitro release of tetracycline hydrochloride from PHB
compacts (type 1, 4, 5, 6) with different drug loadings: &, 30%;
¢.40%; B, 50%; ¢, 60%.

tain 50% drug and 50% PHB. The release shows
the typical profile of a drug dispersed in an inert
matrix (Deasy, 1984) with some 50% of the load-
ing released in a pseudo-zero-order manner over
the interval 8-9 days. The correlation coefficient
for a linear fit was 0.9908, calculated using an
Apple 1le computer, for the initial 10 day release
which is significant at the P value of 0.001. The
standard errors derived from 5 replicate de-
terminations are shown as bars and indicate that
the release profiles obtained were very consistent.

Compact types 2 and 3 were used to study the
influence of compaction pressure on drug release
and the results obtained indicated negligible effect
over the range studied. All products released 1.5-3
mg tetracycline hydrochloride per day in vitro for
the first 8 days. The estimated salivary levels that
would be produced in vivo are approximately
1.5-3 pg-ml~! as the total daily secretion of
saliva ranges from 500-1500 ml .in adults. These
levels would be well within the therapeutic range
for the drug, as Addy et al. (1982) have reported
that the minimum inhibitory concentration (MIC)
of many oral pathogens is below 1 pg-ml™'.

The effect of drug loading was studied using
compact types 4-6, which contained 30%, 40%
and 60%, respectively, tetracycline hydrochloride
in PHB. Fig. 2 shows the release with type 1 for
comparison. The release tended to increase signifi-
cantly with increasing drug loading as more drug
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Fig. 3. In vitro release of tetracycline hydrochloride from PHB

compacts (type 1, 7, 8) and from PLA compact (type 9) with

different polymer molecular weights: PHB 100,000 (¢ ), 200,000
(@), 500,000 (m), PLA 50,000 (¢).

is exposed to the dissolution medium. Also a more
porous matrix is progressively formed with higher
loadings as more drug is leached out of the com-
pact leading to a decrease in structural integrity of
the device. This effect was observed for a 60%
drug-loaded compact, when a large piece broke off
after 6 days resulting in a large increase in drug
release. As the 50% drug-loaded system tended to
provide high but more constant release over a 10
day period and did not prematurely mechanically
fail, this system was chosen for further study.
The effect of varying the molecular weight of
PHB on the release of drug was investigated.
Compact types 7 and 8 were produced containing
PHB with a mol.wt. of 1 X 10° and 5 X 103, re-
spectively. PLA was used as the matrix in type 9
compacts to see if a useful drug release profile
would be obtained, particularly as PLA has been
more thoroughly investigated for controlled re-
lease purposes and has regulatory approval. Fig. 3
shows the release of tetracycline hydrochloride
from the various products including that using
PHB, mol.wt. 2 x 10°. The rate of release over the
first 2 days was most rapid for the system contain-
ing the highest molecular weight of PHB. This is
not unexpected as the higher the molecular weight
of the polymer the more crystalline-like and brittle
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the polymer will be, leading to excessive fracture
on compression with reduction in retardant effect.
The release profiles from compacts 1 and 7 were
similar but the product with the lower average
molecular weight of polymer tended to release
lower and less desirable quantities of drug over
the 10 day period, presumably due to decreased
fracture of the matrix with more effective entrap-
ment of the drug. Likewise the release from PLA
containing compacts tended to be undesirably low
though similar to compacts 1 and 7. Apart from
differences in chemical structure, this reduced re-
lease of drug can be explained by the more
amorphous nature of DL-PLA which should de-
form better on compression than PHB, producing
a compact with less pores through which drug
molecules can diffuse. This effect would be par-
tially counteracted by an increase in the rate of
diffusion of drug molecules through the more
amorphous polymer matrix, as it would be ex-
pected to offer a lower resistance to their passage
than a more crystalline material. In addition, fas-
ter biodegradability of the PLA matrix would
decrease its resistance to drug diffusion though
this factor i1s unlikely to be significant over a
time-span of only 10 days.

Compacts were made containing copolymers of
PHB/PHV as the polymer matrix. The rate of
release of tetracycline hydrochioride into simu-
lated saliva from compacts containing 17 or 30
mole % PHV (types 10 or 11) was compared with
the basic system over the initial 10 days (see Fig.
4). Over the first four days drug release from the
system containing 30 mole % PHV was much
faster. Nevertheless the initial rate of drug release
was not maintained and neither system released
constant quantities of drug daily for 10 days.
Copolymers of PHB/PHV are more amorphous
than the homopolymer PHB and would be ex-
pected to show less resistance to the diffusing drug
molecules, resulting in a faster rate of drug release.
However, copolymers should deform better on
compression forming compacts with lower poros-
ity as the matrix is more internally plasticized and
more flexible than the homopolymer. Conse-
quently diffusion of drug molecules through the
polymer particles should be easier and diffusion
around the polymer particles harder to accomplish
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Fig. 4. In vitro release of tetracycline hydrochloride from PHB

compacts (type 1) and from PHB/PHV compacts (types 10,

11): PHB matrix (@), 17 mole % PHV matrix (¢), 30 mole %
PHV matrix B).

in PHB/PHV copolymers than in PHB. A balance
of these effects will determine the observed rate of
drug release. It is likely that minimum porosity
has been achieved in the system containing 17
mole % PHV and that its effect on reducing the
release rate has been more than offset by easier
diffusion through the polymer. Therefore, in the
case of the product containing 30 mole % PHV a
greater effect of increasing the ease of diffusion
through the polymer particles would be achieved
resulting in a very rapid release of drug from the
polymer matrix.

It was decided to investigate the release profile
for compacts 5 mm in diameter because devices
7.5 mm in diameter are quite large for attaching to
the side-wall of a tooth and may be considered
excessively bulky by the patient. Fig. 5 shows the
in vitro rate of release of tetracycline hydrochlo-
ride from compact types 12 and 13. Both products
were identical in diameter but differed in that the
exposed face of type 12 was flat whereas type 13
was convex for improved patient comfort in the
mouth. The faster release of drug from the 5 mm
curved device is explained by the greater surface
area exposed to the dissolution medium.

The release profile of compact type 12 was
compared with that of the basic system, type 1.

Tetracycline HC| release (mg day™1)
n
.

Days
Fig. S. In vitro release of tetracycline hydrochloride from PHB
compacts (types 12, 13) with different surface geometry: ex-
posed flat face (@), exposed convex face (¢).

They differed only in the area exposed to the
dissolution medium with diameters of 5.0 and 7.5
mm, respectively. Two cases were considered: in
case 1 the amount of drug released per unit area
was calculated on the assumption that the drug
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Fig. 6. In vitro release of tetracycline hydrochloride from PHB

compacts (type 1, 12) with different dimensions assuming

upper surface only or upper surface and side-walls exposed to

the dissolution medium: type 1, upper surface only (&); type

12, upper surface only (@); type 1, upper surface and side-walls
(|); type 12, upper surface and side-walls ().



was being released from the upper face only
whereas in case Il drug release was considered to
occur from the upper face and from the side-walls
of the device (see Fig. 6). When the side-walls of
the device are not taken into account, more drug
seems to be released per unit area from the smaller
compact. However, when the side-walls of the
device are taken into account the drug is released
at approximately the same rate from both prod-
ucts over the 10 day period. As there is no reason
why the release rate of drug should differ other
than if the side-wall of the compact was occluded
in varying amounts by the mountant material, it is
concluded that drug release from the side-walls is
significant and contributes to the overall release of
drug from the compact.

In vivo studies

Fig. 7 shows the mean in vivo saliva levels of
tetracycline hydrochloride for 6 patients treated
with a type 13 compact. The saliva levels pro-
duced in vivo by the compact are in the ther-
apeutic range as <1 pg-ml™' of tetracycline is
effective against Streptococci and bacterioides
organisms (Addy et al, 1982). After an initial
increase in saliva level, the mean concentration
decreased gradually until day 6 and then leveled
off over the remainder of the 10 day period.

Fig. 8 shows the mean plaque index for the
treatment and control groups during the study

Salivary tetracycline HCI
conc.(ug mI")

[¢] 2 4 ] 8 10 12

Days
Fig. 7. Mean in vivo release of tetracycline hydrochloride from
PHB compacts (type 13) in 6 humans. The bar represents
+1S.EM.
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Fig. 8. Mean plaque index in patients with gingivitis: treatment
group (&), control group (4). The bar represents +1 S.E.M.

period. Analysis of variance confirmed a signifi-
cant treatment effect (P = 0.0109), visit effect (P
= (0.0308) and treatment/ visit interaction (P =
0.0464) were obtained for plaque index from day 0
to day 21. Thus the plaque index changed signifi-
cantly with treatment and with visit in these pa-
tients. The treatment/visit interaction implies the
pattern of change in both groups was different.
The mean plaque index of the treatment group
was 1.5-1.6 before treatment and it fell to ap-
proximately 1.2 after treatment indicating that
tetracycline hydrochloride reduced the quantity of
plaque present. However, the plaque index had
risen to pre-treatment levels by the second follow-
up visit at 35 days. The plaque index of the
control group was lower indicating this group had
lower levels of plaque than the treated group. This
occurred despite the random allocation of patients
to treatment or control groups.

The mean gingival index for the treatment and
control groups during the study period are shown
in Fig. 9. A significant visit effect (P = 0.0375)
and treatment/visit interaction (P = 0.0001) were
obtained for the gingival index from day 0 to day
21. Though the initial level of inflammation ob-
served in the control group was lower as they had
less plaque, the gingival index of the treatment
group had decreased to the level seen in the con-
trol group after 7 days treatment with tetracycline
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Fig. 9. Mean gingival index in patients with gingivitis: treat-
ment group (&), control group (4). The bar represents
+1S.EM.

hydrochloride. Thus the treatment brought about
an improvement in the gingival condition from a
case of moderate inflammation (gingival index
scores 1.1-2.0) to mild inflammation (scores
0.1-1.0). Tetracycline hydrochloride reduces the
quantity of plaque thereby decreasing the extent
of gingival inflammation which is caused by
bacterial toxins collecting around the gum margin.
However, the reduction in gingival inflammation
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Fig. 10. Mean pocket depth in patients with gingivitis: treat-
ment group (&), control group (@).

was not maintained when the treatment was
stopped as the gingival index had returned to
pre-treatment levels by day 35.

Fig. 10 shows the mean pocket depth of the
patients during the study. There was a significant
treatment effect (P =0.0107) and a significant
visit effect (P = 0.0032) for pocket depth over the
time period from day 0 to day 21. The mean
pocket depth of the control group was less than
that of the treatment group throughout. This was
not unexpected as this group had less plaque and
a lower degree of gingival inflammation than the
treatment group. Some reduction in the mean
pocket depth of the control group was also ob-
served, presumably resulting from improved oral
hygiene following prior instruction.

Microscopy studies on plague samples

Various microscopic procedures were employed
to examine plaque samples. Dark-field and
phase-contrast microscopy were used to dis-
tinguish between motile and non-motile organisms.
Gram-stained samples differentiated gram-posi-
tive and gram-negative organisms. Fluorescence
was used because it provides a very clear view of
the plaque sample with all the organisms stained
particularly well.

The results obtained using the 4 techniques
were compared. Fig. 11 shows the mean per-
centage cocci of total bacterial count using the 4
techniques in the 6 patients with gingivitis treated
with type 13 compact. The results obtained using
the different techniques correlate quite well. The
proportion of cocci in the sample appeared higher
when the sample was gram-stained than when
other techniques were used, because the fusiforms
and spirochetes did not stain well and were dif-
ficult to see. The lowest proportion of cocci was
observed using fluorescence probably because all
of the organisms were easily visible.

An increase in the mean percentage cocci of
total bacterial count from 50% to 67% (approxi-
mately) occurred in treated patients (see Fig. 12).
A significant visit effect was obtained for cocei
over the first four visits (P = 0.0171) but there was
neither a significant treatment effect nor a signifi-
cant treatment/ visit interaction. These results in-
dicate that the proportion of cocci of total bacterial
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Fig. 11. Mean percentage cocci of total bacterial count in 6

patients with gingivitis treated with PHB compact (type 13)
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count changed with time in the gingivitis patients
but that the pattern of the change was not statisti-
cally significant between the treatment and con-
trol groups. An increase in the proportion of cocci
present is beneficial to the patient as coccoid cells
predominate in plaque samples from non-diseased
sites, whereas diseased sites generally have lower
proportions of cocci present (Listgarten and Hell-
den, 1978). The increase in the proportion of cocci
present during treatment with tetracycline hydro-
chloride was not maintained when the treatment
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Fig. 12. Mean percentage cocci of total bacterial count in
patients with gingivitis: treatment group (&), control group
(@). The bar represents+ 1 S.E.M.
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Fig. 13. Mean percentage gram-positive and gram-negative
rods of total bacterial count in patients with gingivitis:
G+ve rods treatment group (&), G+ve rods control group
(@), G—ve rods treatment group (M), G—ve rods control

group (©).

finished as no significant difference was obtained
with respect to cocci by the second follow-up visit
at day 35.

Fig. 13 shows that the increase in the propor-
tion of gram-positive rods was counteracted by a
larger decrease in the proportion of gram-negative
rods resulting in an overall decrease in the mean
percentage rods of bacterial count. Thus tetra-
cycline hydrochloride was particularly effective
against gram-negative rods which are considered
important in the maintenance of periodontal in-
flammation (Slots, 1979). No significant change
was observed in the proportion of motile rods
present during treatment and they comprised less
than 10% of the total bacterial count throughout
the study period. A decrease in the proportion of
motile organisms present is considered desirable
as large numbers of motile bacteria have been
associated with diseased conditions (Newman and
Socransky, 1977).

The mean percentage fusiforms of total bacterial
count decreased from 10% to 4.6% (approxi-
mately) in the gingivitis patients treated with te-
tracycline hydrochloride (see Fig. 14). The mean
percentage fusiforms in these patients was 5-6%
10 days after the end of treatment (day 20) but
they had increased to over 8% of the total bacterial
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count by day 35. A significant treatment effect
(P =0.0197) and a significant visit effect (P =
0.0127) were obtained for fusiforms. However,
there was no treatment/ visit effect indicating the
pattern of change was similar in both groups.
There was a statistically significant difference be-
tween the mean proportion of fusiforms in the
treatment and control groups on day 35 (P=
0.0495). A reduction in the level of fusiforms in
the oral flora of gingivitis patients is desirable as
high levels of fusiforms are associated with dis-
eased conditions.

The proportion of spirochetes in the supragin-
gival plaque of the treated patients decreased from
4.6% to 0.4% (approximately) of the total bacterial
count (see Fig. 15). Thus spirochetes were highly
sensitive to local treatment with tetracycline hy-
drochloride. However, the percentage spirochetes
of total bacterial count had increased to ap-
proximately 2% 10 days after the end of treat-
ment, indicating that further therapy is required to
maintain low levels of these microorganisms. No
significant treatment effect or treatment/ visit in-
teraction was obtained though there was a visit
effect (P =0.0516). This result indicates that
treatment cannot be significantly related to the
change in the level of spirochetes. A significant

Percentage spirochetes

T v T v
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Fig. 15. Mean percentage spirochetes of total bacterial count in
patients with gingivitis: treatment group (&), control group
(@) The bar represents +1 S.EM.

difference between the treatment and control
groups on day 35 was not observed.

Differential scanning calorimetry

Table 2 shows the thermal events of selected
samples. The event for PHB at 174-176° C corre-
sponds to the crystalline melting temperature re-
ported for PHB (Marchessault et al., 1981; Gras-
sie et al.,, 1984). Mixtures of tetracycline hydro-
chloride and PHB showed similar thermal events
to the individual components of drug and poly-
mer. This result indicated that the drug was pre-
sent in the crystalline state and therefore was
dispersed rather than dissolved in the polymer
matrix.

A conventional time'/? plot was drawn to see if
the data would obey the square-root of time de-

TABLE 2

Thermal analysis of selected samples using differential scanning
calorimetry

Sample Thermal event (° C)
PHB 174-176 (endothermic)
Tetracycline HCI 220~-221 (exothermic)
Tetracycline HCl/PHB (50:50) 174 (endothermic)/
220 (exothermic)
Tetracycline HCl/PHB (25:75) 174 (endothermic)/

221 (exothermic)




1001

80 4

60

Percentage release

40

20

Days +
Fig. 16. In vitro release of tetracycline hydrochloride vs time!/2

for PHB compact (type 1).

pendence predicted by the Higuchi (1963) model
for drug release from inert matrix systems with
dispersed drug particles. No erosion of the poly-
mer was observed over the time course of in vitro
studies. Fig. 16 shows the plot obtained for type 1
compacts. Apart from an initial lag and some
tailing the plot was roughly linear having a corre-
lation coefficient of 0.9913 which is significant at
the P value of 0.001.

Discussion

Local delivery of drugs to the oral cavity has
the advantage over systemic therapy of achieving
higher concentrations at the intended site of ac-
tion using less dosage with an associated reduction
in side-effects. With the reduction in the incidence
of dental caries in the population due to fluorida-
tion, dentists will increasingly concern themselves
with the treatment of sub-acute conditions such as
gingivitis and with preventive care. The product
discussed in this communication shows consider-
able potential for clinical use in such areas. As it
requires the intervention of a dentist to mount and
remove, it is likely to be well received by the
profession, particularly as existing self-adminis-
tered products lack efficacy because of short resi-
dence time in the mouth and poor patient accepta-
bility. However, the tetracycline product will not
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be suitable for use in young children as the drug
will stain permanent teeth whenh given to those
under 8 years of age.

The tetracycline hydrochloride compact was
relatively small and unobtrusive. No subject expe-
rienced any discomfort or irritancy from the de-
vice and the product was tasteless. PHB is a very
suitable polymer for use in devices of this type
because of its ease of compression and excellent
ability to control drug release for long periods. In
addition to the use of the device in the treatment
of gingivitis, it may be also useful for treating
many other oral conditions such as supragingival
plaque, recurrent oral ulceration and “dry socket”.
Many other drugs could also be incorporated into
the device such as cetylpyridinium chloride,
metronidazole, miconazole, nystatin, betametha-
sone, hydrocortisone and triamcinolone. Further
publications will describe some of these applica-
tions.
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