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I . Introduction

The most important treatment modality of
periodontal disease is the removal of bacterial
plaque. This is generally accomplished by sub-
gingival instrumentation, i.e., deep scaling and
root planing and patient oral hygiene instruc-
tion'?. The knowledge that bacterial plaque
is the main etiologic factor in chronic inflam-
matory periodontal disease, and specific orga-
nisms are responsible for specific disease pro-
cess’™® provides a rationale for the use of an-
tibiotics as an adjunctive therapy to scaling
and root planing. Thus antimicrobial therapy
has been directed at specific bacteria associa-
ted with clinically diseased sites to help aug-
ment the mechanical treatment aimed at the
removal of subgingival calculus and toxins, es-
pecially individuals who failed to respond ade-
quately to mechanical therapy®”.

As systemic use of antibiotics may cause
several adverse effects®, recently the local ad-
ministration of antibiotics has received consi-
derable attention® . For example, tetracyc-
line HC! and chlorhexidine digluconate, as ir-
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rigation solution or incorporated in sustained
release system for subgingival delivery, have
been evaluated widely. When applied locally,
these drugs have proven effective in reducing
suspected periodontal pathogens and in imp-
roving clinical health.

An improtant prerequisite for an antimicro-
bial drug as a plaque-inhibiting agent is subs-
tantivity. Tetracycline and chlorhexidine seem
to be widely used as supplements to periodon-
tal therapy. Both drugs have broad antimicro-
bial activity and substantivity. Chlorhexidine
digluconate is substantive when enamel or de-
ntin are exposed”. But little is known of its
interactions in a subgingival environment.

In vitro studies have shown substantivity
of tetracycline to tooth surface including den-
tin®"?". Tetracycline was the drug of choice
because of its antimicrobial activity against
the subgingival microflora®® >, as well as its
ability towards improving clinical results. It
has been shown in vitro to remove the smear
layer, cause surface demineralization and ad-
sorb to dentin'®** %', Following adsorption tet-
racycline releases while still maintaining bac-



teriostatic concentration for most known pe-
riodontopathogens™. Stabholz et al*”. demon-
strated that tetracycline may be retained in
the subgingival environment to slowly release
to the gingival crevicular fluid in clinically
meaningful concentration following an irriga-
tion procedure. Non-antimicrobial benefits of
tetracycline may include ability to inhibit col-
lagenolytic enzymes® .

Therapeutic drug concentrations have also
been demonstrated for tetracycline and chlo-
rhexidine in periodontal pockets following in-
sertion of slow-release devices'"****. Methods
for local delivery of tetracycline have been
investigated and include an acrylic resin deli-
very system resorbable collagen film*, and
a resorbable polymer microincapsulation sys-
tem. However, most present drug delivery sy-
stem seem to require both professional place-
ment and removal. Moreover, the delivery de-
vices may become unintentionally and prema-
truely dislodged from their site of action.

Numerous previous studies demonstrated
that solution type of tetracycline HCI exhibited
marked substantivity on dental hard tissue® "
##  and clinical and microbiological effects
on periodontitis®*®, For clinical use, the solu-
tion should be made freshly because of its
unstability. Because preparing the solution is
time-consuming procedure, it makes clinicians
avoid the use of tetracycline solutions. To ove-
rcome that problems, we developed gel type
tetracycline HCI and a mixture of tetracycline-
citric acid gel for subgingival delivery. Jeong
et al'’. had already reported its clinical and
microbiological effectiveness.

Thus we designed this study for the pur-
pose of assessing iz vitro substantivity of ne-
wly developed tetracycline-containing gel and
a mixture of tetracycline citric acid-containing
gel, and compare to those of chlorhexidine
digluconate.
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I. Materials and Methods

Subjects teeth

18 extracted single rooted teeth (8 upper
and 10 lower anteriors) from patients with
advanced periodontal disease (probing de-
pth>>6mm) in 6 patients were involved in this
study. All teeth were scheduled for extraction
as a part of the treatment plan for these patie-
nts.

Proir to entry to this study, each patient
or tooth satisfied the following inclusion crite-
ria . 1) no history of systemic disease : 2) no
history of antibiotic therapy in the previous
3 month : 3) no caries of individual tooth.

Experimental design

After extraction teeth were scaled and root
planed in an attempt to remove the root ceme-
ntum and autoclaved. Teeth were sealed with
nail enamel in their apical aspects to exclude
communication to the root canal.

They were then randomly divided into 4
treatments groups : group 1) : 4 teeth were
immersed in tetracycline HCI(50mg/ml) solu-
tion for 5 minutes at room temperature ,group
2) ; 4 teeth were immersed in tetracycline
gel (5%) for 5 minutes , group 3) : 4 teeth
were immersed in a mixture of tetracycline
and citric acid gel, group 4) ; 4 teeth were
immersed in 0.1% chlorhexidine digluconate.
And 2 roots immersed in 0.9 % sterile saline
served as controls.

Preperation of drugs

Tetracycline HCl solutions were freshly
prepared in distilled water from capsule tetra-
cycline HCI powder(Chong-Kun Dang, Seoul,
Korea). For 50mg/ml solution, the drug was
dissolved at 53T in a water bath. The solu-
tions were filtered with 0.22um pore sized fil-
ter(Syrfil-MF(25mm, 0.22um, Max press 75




PSI), Nuclepore) to remove capsule filler par-
ticles.

The constituents of tetracycline gel were
poloxamer(gelating agent, Junsei Chemical
Co., Ltd., Seoul Korea), tetracycline HCI(Si-
gma Chemical Co., St.Louis, MO.) and distilled
water. The composition of mixture gel was
ethanol, citric acid(Duksan Pharmaceutical
Co., Ltd., Seoul, Korea), carbopol(gelating
agent, Junsei Chemical Co., Ltd., Seoul Ko-
rea), tetracycline HCI and distilled water. The
concentration of tetracycline of both gels was
5%, and the concentration of citric acid was
33%. 5% tetracycline gel corresponds to 50
mg/ml tetracycline solution and this prepara-
tion had basis on the in wvitro previous studies
182020 Commercially prepared 0.1% chlorhexi-
dine digluconate (Hexamedin, Pukwang Phar-
maceutical Co., Ahnsan, Korea) and 0.9% ste-
rile saline(Choong-wae Pharmaceutical Co.,
Korea) were used.

Drug exposure and storage

Each tooth was immersed in 5ml of the res-
pective drug so that the drug completely cove-
red the root for 5 minutes and was vortexed
in 10ml of sterile saline for 30s to remove
nonadsorbed drug. Immediately following
drug exposure, each root was transferred into
a tube containing 1 ml of sterile tris buffered
saline (TBS, pH=74) as a desorption media
and was then incubated at room temperature
for 22 days. At 24-h intervals, the total volume
of TBS was removed and replaced with 1ml
of fresh TBS. Removed desorption media tra-
nsferred to a sterile vial and stored at -70TC.
This procedure was repeated every 24-h th-
roughout the 22-day desorption period.

Microbiologic assays
A microtiter assay was used to evaluate an-
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timicrobial activity desorbed from the teeth
into incubation solutions. Frozen TBS-aliquots
from 22 time intervals for the 18 teeth, a total
of 396 samples, were thawed. As an indicator
organism Porphyromonas gingivalis W50 was
used. This bacterial strain was selected be-
cause of its availability in our laboratory and
because it is considered as a major periodon-
topathic microorganism®.

A stock cultures of P.gingivalis were trans-
ferred to Brain Heart Infusion (BHI) broth
supplemented and were incubated at 37C for
48 hours in an anaerobic condition of 85%
N2,5% H;and 10% CO.. 70yl of solution from
each thawed sample and 30yl of the bacterial
suspension in BHI were dispersed onto 96-
well tissue culture plates(Nunclon, Nunc, De-
nmark) and incubated at 37C for 40 hours
in an anaerobic chamber. Negative controls
consisting of sterile media and positive cont-
rols for bacterial growth were added to each
plate. Following incubation, bacterial growth
was assayed by reading the optical density
(OD) at 550 nm, using an ELISA plate reader
(Thermomax, Molecular device corp., Califor-
nia, USA.). All assays were performed in dup-
licate.

Data analysis

Statistical analysis was done using a SPSS
PC+ computer program. To define the signi-
ficant interaction between time and changes
in OD, the data was analyzed using correlation
and regression analysis. One way analysis of
variance(ANOVA) was performed to compare
the 4 treatments and controls at each time
point with optical density as the dependent
variable and treatment as independent varia-
ble. To identify which means were significan-
tly different from controls, the Scheff test was
used. A value of p<0.01 was considered signi-



ficant.
IlI. Results

Regression coefficients and correlations for
the study conditions from day 1 through 22
are presented in table 1. Regression coeffi-
cient for the 2 tetracycline-containing gels

were very similar, and that of tetracycline so-
lutions exhibited a steeper slope. While the
regression coefficient of chlorhexidine diglu-
conate were nealy zero. Regarding correla-
tions, tetracycline solution showed the highest
value.

Table 2 represents the ANOVA for OD’s
following the 4 treatments at each time point.

Table 1. Regression coefficient(Reg Coeff.) Probabilities(Prob.) and Correlations{Corr.) for
the Optical Density readings for the different treatments.

Treatment TCS TCG TC-CAG CHX

Reg. Coeff. 0.021 0.014 0.015 0.000
Prob. 0.000 0.000 0.000 0.000
Corr. 0.884 0.601 0.735 0.542

SAL=Saline

CHX=:Chlorhexidine digluconate

TCS=Tetracycline HCI solution

TCG= Tetracycline-containing gel

TC-CAG=Tetracycline and Citric acid-containing gel

Table 2. Mean Optical Densities of Each

Treatment Group at Different Time Point

Day 1 3 7 11 17 22

TX.

SAL 0.97 0.97 1.00 1.03 1.02 1.05
+0.01 +0.02 +0.07 +0.04 +0.01 + 0.06

CHX 0.63* 0.93 0.95 0.98 1.00 1.01
+0.13 +0.03 +0.04 +0.03 + 0.05 +0.03

TCS 0.50* 0.53* 0.55* 0.63* 0.79* 0.93
+0.08 + 0.06 +0.08 + 0.06 +0.06 +0.04

TCG 0.59* 0.66* 0.79 0.79 0.86 0.95
+0.04 +0.09 +0.13 +0.14 +0.12 +0.10

TC-CAG 0.61* 0.80* 0.89 0.92 0.98 1.00
+0.13 + 0.09 +0.08 +0.09 +0.04 +0.04
SAL=S8aline

CHX=Chlorhexidine digluconate
TCS=Tetracycline HCI solution
TCG= Tetracycline-containing gel

TC-CAG=Tetracycline and Citric acid-containing gel
* ! significantly different from Saline-Treated group (p<<0.01)

375




The effect of each treatment was compared
to the saline control. The one way ANOVA
revealed significant differences between the
ODs of tetracycline HCl 50mg/ml and those
of the saline control group from desorption
day 1 through 17.

The ODs of 5% tetracycline gel were signi-
ficantly different from day 1 through day 4,
and those of a mixture of tetracycline and cit-
ric acid gel were significantly different th-
rough day 3. This difference was statistically
significant from day 1 through day 4 of tetrac-
ycline-containing gel, and day 3 of a mixture
of tetracycline and citric acid-containg gel res-
pectively. After the period, the mean ODs of
tetracycline gel were still lower than those
of a mixture of tetracycline and citric acid gel,
but that difference was not statistically signifi-
cant (p<<0.01). Whereas the chlorhexidine di-
gluconate solutions showed significant antimi-
crobial activity during the first 24-h only.

The ODs for desorption fluids for each of
the 4 drug treatments over the 22-day period
were presented as graphs in fig. 1—5. For
comparison purposes the OD' for the positive
controls ranged between 0.90 to 1.02, and for
the negative controls ranged between 0.19 to
0.27. Teeth immersed in tetracycline HCI 50
mg/m! solution maintains its antimicrobial ac-
tivity for the longest time followed by teeth
exposed in tetracycline-containing gel.

The ODs of desorption fluids from teeth
exposed to chlorhexidine digluconate were not
different from those from teeth immersed in
sterile saline day 2 through 22 (Fig.1). The
ODs of controls(immersed in saline) slightly
fluctuated around a value of 0.99 throughout
the study period.

The ODs of the 2 tetracycline-containing
gels were gradually increased for the early
period (around day 5), and then exhibited ele-
vated OD readings (Fig.3, Fig4). Viewing Fig.
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Fig.1. Optical density readings(OD) for 22-day

period of media of teeth immersedin chlo-

rhexidine digluconate(CHX) and saline(SAL).
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1 we note that OD values of saline and chlo-
rhexidine digluconate gave essentially a hori-
zontal line over time, while tetracycline HCI
showed an increase over time until the OD

of gels followed very simillar pattern. And at
each time point, the mean ODs of 5% tetracy-
cline gel were lower than those of a mixture
of tetracycline and citric acid-containing gel.

levels reach those of control. The two types
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Fig.2. Optical density readings(OD) for 22-day period of media of teeth immersed in tetrac-

ycline HCI solution(TCS) and saline(SAL).
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Fig.3. Optical density readings(OD) for 22-day period of media of teethimmersed in tetracy-

cline-containing gel(TCG) and saline(SAL).
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ODs of Tetracycline-citric acid Gel Treated Group
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Fig.4. Optical density readings(OD) for 22-day period of media of teethimmersed in tetracy-
cline and citric acid-containing gel(TC-CAG) and saline(SAL).
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Fig5. Optical density readings(OD) for 22-day period of media of teethimmersed in various

drugs treatment.
CHX=Chlorhexidine digluconate
TCS=Tetracycline HCl solution
TCG=Tetracycline-containing gel
TC-CAG=Tetracycline and Citric acid-containing gel
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IV, Discussion

This study based on previous work” desc-
ribing the clinical and microbiological effects
of subgingival application of two tetracycline-
containing gels was designed to compare the
substantivity of two tetracycline-containing
gels with its solution type. The results of this
study demonstrated that solution was the
most substantive form of the drug, and two
tetracycline-containing gels showed similar
antimicrobial activities.

Compared to saline treated group, 50mg/ml
tetracycline HCI solution treated group exhi-
bited significantly different optical densities
throughout 17-day desorption period. The abi-
lity of tetracycline to adsorb to tooth surface
may have contributed to the clinical and mic-
robiological effectiveness of this drug. Some
authors have presented that root surfaces
treated with aqueous tetracycline solution
exhibited slow release of the drug in vivo.
Puchalsky et al®”. reported that tetracycline
was detected in GCF for 7 days following a
single 5-min. irrigation of periodontal pockets
with a 100mg/ml aqueous solution. Recently
Stabholtz et al?*. demonstrated root surface
irrigated with 50mg/mi tetracycline solution
for 5-min. exhibited antibacterial properties
for 16 days longer than saline treated group.

The substantivity of 5% tetracycline-contai-
ning gel was significantly longer than control
group from day 1 through day 4, and that of
a mixture of tetracycline-citric acid gel was
significantly different through day 3. Conside-
ring that the concentrations of 3 types of tet-
racycline HCI were same, the component of
gels -poloxamer or carbopol- may inhibited
the adsorption of the drug to the root surface.
Although the differences between the ODs of
both gels were not statistically meaningful, ge-
nerally the mean ODs of tetracycline gel were
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lower than those of a mixture gel.

Placement of tetracycline directly into the
gingival sulcus has been explored as a means
of bypassing systemic complications and deli-
very the drug only at the diseased site. This
has been accomplished with subgingival irri-
gation or insertion of drug-loaded devices. Co-
mpared to non-surgical periodontal therapy,
irrigation with tetracycline has generally de-
monstrated little additional effect*”. Further-
more conventional use of aqueous solution of
tetracycline would have caused several prob-
lems, for example difficulty of long-term sto-
rage and localization at one site to prevent
spillover. Therefore we disigned hydrophillic
gels as root conditioning and antimicrobial
agent for local delivery. We expected 2 tetrac-
ycline-containing gels to show substantivity
similar to those of tetracycline solution. Besi-
des we expected the higher substantivity of
a mixture of tetracycline and citric acid-con-
taining gel. But according to the results tetrac-
ycline solution showed the longest antimicro-
bial activity, followed by 2 tetracycline-contai-
ning gels.

Similar to other in vitro and in vivo reports™
2 this study showed that the antimicrobial
activity of chlorhexidine digluconate was mai-
ntained during the first 24-h only. But resear-
ches using chlorhexidine digluconate as sub-
gingival irrigation agent showed its marked
clinical and microbiological effects**™**. Thus
we could say that substantivity alone is not
a critical requisite as oral antimicrobial agent
for periodontal disease.

Local delivery systems for chemotherapy
of the periodontal pockets have attracted a
wide interest in recent years. According to
Goodson et al*., the total patient dose follo-
wing local tetracycline delivery can be signifi-
cantly reduced when compared to systemic
administration. It may be especially indicated




for individual unresponsive sites and in the
maintenance of treated periodontal pockets.

Concerns over the development of hyperse-
nsitivity with topical applications of tetracyc-
line have been previously voiced*. Another
unresolved question is the development of re-
sistant bacteria following local applications of
antimicrobials. Bacterial resistance following
systemic administration - of tetracycline has
been observed by a number of investigators®’
~#_ However, Goodson et al®. recently repor-
ted that locally delivered tetracycline did not
promote the development of tetracycline resi-
stant gram negative rods or induce polyanti-
biotic resistance. Even so, further study using
repeated applications over prolonged periods

of time is indicated.
One disadvantage with local antibiotic the-

rapy is difficulty of applying the agents to dee-
per parts of the periodontal pocket. Local the-
rapy may also be relatively time-consuming
if many periodontal sites have to be treated.
Some authors developed tetracycline-contai-
ning pastes which can be easily delivered sub-
gingivally in a petrolatum base® *. They re-
ported biologically effective tetracycline was
released into GCF for at least 3 days after
subgingival delivery of tetracycline in a white
pertolatum carrier. But they found it cannot
replace scaling and root planing therapy. We
designed a mixture of tetracycline and citric
acid gel to improve the properties by increa-
sing its root conditioning effect. Based on the
previous clinical study of Jeong et al’,, we
expected the more substantivity of the mix-
ture gel than gel which doesn’t contain citric
acid. But the result showed no additive effect
of mixture gel on antimicrobial substantivity.
Although substantivity of both gels were much
lower than solution, the result of this study
could suggest the practical use of the gels on
the basis of its antimicrobial and non-antimic-
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robial activities and substantivity.

Because the extent of tetracycline adsorp-
tion to dentin was not determined in the pre-
sent investigation, further study is needed to
differentiate the retention and release dyna-
mics of 2 tetracycline-containg gels from the
substantivity of tetracycline itself.

Y. Conclusions

The purpose of this study was to evaluate
the substantivity of experimentally developed
gel type tetracycline HCl and a mixture of
tetracycline-citric acid gel, and compare to
those of solution type tetracycline HCL. Within
limitation, we aquired the following conclu-
sions.

1. 50mg/ml tetracycline HC! solution exhibi-
ted the longest antimicrobial activity. Com-
pared to saline treated group, it showed
significant difference throughout 17-day
desorption period.

. The ODs of 5% tetracycline gel were signi-
ficantly. different from day 1 through day
4, and those of a mixture of tetracycline-
citric acid gel were significantly different
through day 3.

. Chlorhexidine digluconate solutions sho-
wed significant antimicrobial activity during
the first 24-h only.

. Throughout the period the mean ODs of
tetracycline gel were generally lower than
those of a mixture of tetracycline and citric
acid gel, but that difference was not statisti-
cally significant.
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