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Abstract:

Summary Objective: The microflora thatidevelops on Minocycline strips, used as an
adjunct in non-surgical pen'odontal‘therapy was studied. Design and Methods:
Minocﬁline (1.4 mg in polycaprolactone vehicle) and control strips were applied into
all residual pockets (PD > 5mm, > 2 pockets/subject) of patients with chronic
periodontitis one month after a course of non-surgical periodontal therapy.  Strips
were inserted and retained for 3 days, changed to new stiips-for 3:more days and then
‘témoved. Strips were recovered from 14 (8 test, 6 control) of the 34 participants at
day O (strip inserted, left for 30s, removed), days 3 and 6, for i) anaerobic culture, i)
coliforms culture, using MacConkey agar, iii) yeast culture, using Sabouraud’s
dextrose agar. Results: The mean anaerobic c.fu./strip (x10°; control/test) were 2/6,
24/2, 11/2 at days 0, 3 and 6, respectively (P > 0.05). The corresponding mean
proportion of gram-negative rods and fusiforms were 27%/21%, 27%/15%, 55%/8%.
The proportions of gram-negative rods on test strips by day 6 were significantly
reduced (P < 0.05). A significantly increased prevalence of Streptococcus mitis
biovar 1 was found on spent test strips (control vs test; 0% vs 38%, Fisher exact test,
P =0.01). Coliform prevalence at days 0, 3 and 6 on control/test strips were 0/13%,
50%/38%, 50%/13%. Yeasts were occasionally isolated. Conclusions: the findings
indicated that the minocycline strips :‘Eﬁ;‘;ffﬁnoti;the corntrol stripfsupported a microbial

colonizatiort compatible with periodontal health by day 6.

Abbreviations: API, Analytical Profile Index; CBABS, Columbia blood agar base
with 5% defibrinated horse blood, 5 mg/l hemin and 500 ng/
menadione supplement; c.fu., colony-forming unit; GCF, gingival

crevicular fluid; RTF, Reduced transport fluid AM‘



Introduction

The local delivery of antimicrobial agents into periodontal and/or peri-implant
pockets is an increasingly used therapy’. Clinical studies have shown some agents
tested to be as effective as conventional mechanical therapy”* however, in most
studies the agents were shown to be adjunctive, that is, providing additional clinical
improvements when used in combination with mechanical therapy®”. A number of
agents using different vehicles have been developed including tetracycline® and
chlorhexidine’ in controlled delivery devices, metronidazole'?, minocycline™''2,
doxycycline'? and silver nitrate'in sustained-release devices.

No definitive protocol is available as to when and how these agents should be
most appropriately used. This pr:oj ect investigated whether local delivery of

minocycline strips could produce added microbiological effects when placed in

pockets that persisted one month after non-surgical periodontal therapy.

Materials and Methods

Participants and clinical procedures

Sixteen Chinese individuals with chronic periodontitis who had undergone one course
of non-surgical periodontal therapy,v including oral hygiene instructions, quadrant-
wise scaling and root planing over 4-6 weeks were recruited for this study. The
inclusion criteria were: no known allergies to tetracyclines, non-smoker, age > 35
years, no systemic disease, no history of antibiotics taken within the previous 6
months, having at least 2 residual pockets > 5 mm in at least 2 individual sextants.
The project was approved by the Ethics Committee, Faculty of Dentistry, The
University of Hong Kong and wﬁﬁen informed consent was obtained from all

participants.



The deepest pocket from each patient was selected for study. The control and
test strips were provided by Dong Kook Pharmaceutical Co. Ltd."* (Choong Cheong
Book-Do, Korea) and came in exactly the same packaging format. They were
randomly assigned strip numbers 1-10; 5 test and 5 control. The identity of the strips
was recorded and sealed in an envelope, and decoding was only performed at the end
of the project. All'strips:were hour-glass shaped measuring 5.5 mm in length, 2:5 mm-

inswidth-at:the wider end portions and 2:2 mm at the narrowest mid-portion dimension-

3:mmuin thickness'®

During the study period, minocycline (test: 30% or 1.4 mg active ingredient
per strip in polycaprolactone vehicle) and control strips (polycaprolactone vehicle
only) were inserted by the same clinician into all residual periodontal pockets > 5 mm
of the participants and these sites were covered with a periodontal dressing, Coe-Pak
(GC America, Alsip, IL, USA) to assist in strip retention. ~ All subjects used 0.2%
(wt/vol) chlorhexidine mouth rinses 2 times a day during the week of strip retention as
per the manufacturer’s instructions. A single strip or multiple strips were placed inside
each residual pocket until the pocket was completely filled with the strips. At day 3,
all strips placed at day 0 were removed and were then immediately replaced by new
strips, which were left for 3 more days until day 6 when these were removed. The
numbers of strips inserted in each pocket and their corresponding code number were
carefully recorded to make sure that all inserted strips which were eventually removed

and sequential strips which were inserted should have the same code number.

Sampling

Before the clinical sampling, the ability of common oral bacteria to colonize the.

polycaprolactone strip was tested. In brief, control polycarprolactone strips were .



‘suspended into ‘pure culture of common oral bacteria including Streptococcus mutans
ATCC 35668, Actinomyces israelii ATCC 10048 Z;détébdbiliu;s"acido‘phi-lus ATCC
#9224 Actinobacillus actinqmyc,etemcomitans ATCC 29523, 'Eikenella ‘ corroderis -
ATOC 23834; and Prevotella nigrescens ATCC 33563 for 3 days inside anaerobic
chanibers.“Colonization on strips was als6 subsequently tested using mixed bacterial
cultures: L. acidophilus mixed with P. nigrescens, L. acidophilus with E. corrodens,
4. actinomycetenicomitans with A. israelii, A. israelii with P. nigrescans, S, mutans .
«withPimigrésencs; S: mutans with E. corrodens, S.-mutans with-L. acidophilus, and S.
-mutans with 4 israelii.

Eachrindividual tested strip was then transferred to 10 ml sterile saline, rinsed.
3¢ and then putinto 1 ml RTF, vortexed, plated-‘and ‘ciiltiiréd to’ recover the
individual ‘bactérial members. Out3'5~§f the 6-single.and 8. combinations: tested,  all

pacterial ‘strain, singly or in’ combinations, were fotind 16 be able to ~adhere o the -
polycaprolactone strips and could be recovered from anaerobic culture.

Samples were taken from the sixteen participants in the following manner. On
day 0 the sample site was dried and isolated with cotton wool rolls. All supragingival
plaque was removed using a sterile spaler. Then an assigned strip was placed in the
pocket using sterile tweezers until mild resistance was felt and the strip was left for
30s (day 0) and removed and processed. Used strips, after three days of insertion,
were retrieved using a sterile tweezers from sample sites after carefully removing the
Coe-Pak together with any supra-gingival debris. The strips were counted, stored in
reduced transport fluid (RTF) and sent to the laboratory.  The specimens were
processed within 30-60 min by one investigator, who was blind to both the clinical

data and the subject grouping. Data from the control strips at day 0 was regarded as

baseline data.



Anaerobic culture

The strips in RTF were dispersed by vortexing (Autovortex Mixer SA2, Stuart
Scientific, London, UK) at maximum setting for 30s. The dispersed microbial
suspension was serially diluted in RTF and innoculated onto Columbia blood agar
base (Difco Laboratories, Detroit, MI) supplemented with 5% defibrinated horse
blood, 5 mg/l hemin and 500 pg/l menadione (CBABS) using a spiral plater (Spiral
system, Cincinnati, OH). The plates were incubated for 5-7 days at 37°C in an
anaerobic chamber (Forma Scientific, Marietta, OH) under an atmosphere of 80% N,
10% H; and 10% CO,. Anaerobiosis of the chamber was monitored daily using
disposable anaerobic indicator strips (i3BL, Becton Dickinson, MD).

After incubation, plates with colonies that were well separated and evenly
dispersed were selected and a stainless steel template was used to subdivide the agar
surface into sectors with a defined area. The relative proportions of all different
colony morphotypes were determined. Representative colonies were subcultured as
described by McNabb and cowokersl-7 on CBABS plates to obtain pure cultures. The
c.fu. of these colonies with different morphotypes and the dilution factor of the
inoculum were recorded for later quantification. All dispersion, plating and

subculturing were performed on a laboratory bench.

Selective culture of aerobic and facultative anaerobic gram-negative rods and
yeasts

The dispersed microbial suspension was inoculated by spiral plating onto duplicated
MacConkey agar and Sabouraud’s dextrose agar (Oxoid, Hampshire, UK) plates and

incubated for 18h at 37°C'®. Cultures were examined and the ¢.fu. of representative



colonies with different morphotypes and the dilution factor of the inoculum was noted.
The aerobic and facultative anaerobic gram-negative rod and yeast colonies were

subcultured on their respective culture media to obtain pure isolates.

Identification of isolates
Isolates were identified presumptively using colony morphology, hemolysis,
pigmentation, cell morphology, catalase and oxidase tests and the ability to grow in
air supplemented with 10% CO,". Additional tests for the facultative anaerobic
gram-positive cocci included colony morphology on mitis-salivarius agar (Difco
Laboratories) and characterization usi.ng API 20 Strep and API Staph Kits (Analytical
Profile Index, BioMérieux, Hazelwood, MO). Additional tests for the facultative
anaerobic gram-negative rods were glucose fermentation and motility in a semi-solid
medium'®. Facultative anaerobic gram-negative fusiforms were further characterized
as per Koneman et al.*°. Obligate anaeobes were characterized using the Rapid ANA
II system (Innovative Diagnostic systéms, Norcross, GA) and motility in a semi-solid
medium'®. The corresponding quantitative/percentage proportion data (c.f.u. per strip
or percentage proportion of the identified species per total count of the sample) of
individual species isolated were then calculated.

Facultative anaerobic gram-negative rods isolates were further characterized
biochemically using API 20E Kit. Pure cultures of yeasts were identified based on
colony morphology, cell morphology, Gram staining reaction, the germ tube test and

the API 20C AUX and API ZYM tests?!.



Statistics

The demographic, clinical, and microbiological data of control and test group were
analyzed by Statview 4.5 for Macintosh (SAS Institute, Cary, NC). Differences
Between groups and time points were tested by analysis of variance (with or without
Bonferroni multiple comparison wheh indicated) or Fisher exact test, as appropriate.

Groups were regarded as significantly different from each other if P was < 0.05.

Results

Clinical data

Of an initial 50 non-smoking, systemically healthy subjects with chronic periodontitis
who had all undergone a course of non-surgical mechanical periodontal therapy, 34
were found to have residual periodontal pockets one month post-treatment and who
fulfilled the inclusion criteria. Sixteen randomly selected subjects accepted invitation
to participate in the microbiological arm of the project. Data from two female control
subjects, whose strips were not retained due to premature loss of the Coe-Pak and
hence loss of the strips from the sample sites, were excluded. Relevant demographic

and clinical data are shown in Table 1.

Anaerobic culture

Following purification, a total of 243 isolates were obtained from the 42 samples.
The mean numbers of isolates obtained from the two groups at the 3 time points were
similar (days 0, 3 and 6; control/test: 7.2/7.5, 6.2/4.5, 5.0/4.6 respectively), as were
the mean numbers of identifiable species (days 0, 3 and 6, control/test: 5.8/7.0, 5.2/4.4,
4.5/4.3 respectively). Twenty-five isolates, however, were lost or could not be

identified.



Marked sample-to-sample v'ariétions were observed in the two groups
regarding the total quantity of predominant cultivable facultative and obligate
anaerobic bacteria. The mean c.fu./strip for control and test groups at days 0, 3 and 6
are as shown in Table 2. NQ significant difference was detectable in total quantity or
proportions of microbes isolated between control and test groups at the 3 time points.
Up to 36% of the isolates in the groups were obligatory anaerobes. Their quantities ;
‘are-as shown in T§ﬁ€2 A significantly reduced proportion of gram-negative species
was observed in the test strips reméved on day 6 compared to the corresponding
control (control: 56.0 + 41.0%, vs test: 10.3 + 13.7%, P = 0.026, Bonferroni multiple
comparison). The proportion of gram negative rods and fusiforms at day 6 was
significantly less on test strips (control: 56.0 + 41.0%, vs test: 8.5 +13.6%, P = 0.016,
Bonferroni multiple comparison, Fig. 1). Up to 13% of the isolates were lost before
being tested (Fig. 1).

A total of 66 different organisms were identified, comprising facultative or
obligatory anaerobic gram-positive cocci (30 species), gram-positive rods (11 species),
gram-negative coccus (1 species), gram-negative rods (15 species), gram-negative
fusiforms (8 species), and gram-negative motile rod (1 species). The frequently
isolated bacterial species (defined here as species having a frequency isolation > 20%,
n = 20) are shown in Table 3. The pfevalence of Anaerococcus prevotti at day 0 was
found to be higher in test than control sites while there was no significant differences
among the total quantity or proportion of this microbe at day 6 between the groups
(Table 3). Considering bacterial prevalence data on the used test strips (days 3 and 6
result pooled together), Streptococcu& mitis biovar 1 was prevalent only on test strips
(0% vs 38%, Fisher exact test, P = 0.0Z). Streptococcus constellatus was present only

in control group samples but was undetectable by culture in test samples, while



Granulicatella adiacens, Kingella kingae, Peptostreptococcus micros, Prevotella
melaninogenica and Veillonella spp., were undetectable by culture in control samples.
The prevalence of lost/unidentified species was high in both groups however lost
The 45 bacterial species that were isolated at lower frequencies inicluded 16
species “of facultative anaerobic “gram-positive cocci;” one - Species”of obligatory -
;%gggpbic"v gram-positive coccus; ‘10 species of * facultative or obligatory anaerobic
gram=positive ‘rods;:11-species of facultative or obligatory anaerobic gram-negative
rods including ‘oti¢ species of Prevotella intermedia isolated from a control patient at.
“days -0~ and '3; ‘6" 'species ‘of ~ facultative or obligatory anaerobic gram-negative
~fusiformis-and one speciesof an obligatory anaerobic gram=negativé motile rod. Of all :
bacteria spécies isolated, 24% were isolated only-in ‘Control samplés, and 23% wiete :

isolated-only in‘test samples:

Aerobic and facultative anaerobic gram-negative rods and yeasts

Aerobic and facultative anaerobic gram-negative rods species isolation prevalence at
days 0, 3 and 6 on control/test strips was 0%/13%, 33%/25%, 33%/13% respectively
with corresponding quantities as shown in Table 2. The prevalence of aerobic and
facultative anaerobic gram-negative fod species at days 0, 3 and 6 on control/test
strips were 0%/13%, 50%/33%, 50%/13% respectively. A total of seven strains by
MacConkey agar and/or anaerobic culture were isolated. Pseudomonas aeruginosa
was 1solated from more than one sample of both groups. Enterobacter cloacae was
1solated from 2 control and one test strips respectively while Raoultella terrigena was
isolated from one sample of both groups. Enterobacter aerogenes, Enterobacter

sakazakii and Klebsiella oxytoca were detected once on control strips. Enterobacter

10



gergoviae was detected once on a test strip. Significantly elevated prevalence of
Enterobacter cloacae was observed on the used control strips (day 3 and 6 data
pooled; 50% vs 13%, Fisher exact test, P = 0.04).

Yeast species were isolated at a low prevalence and in low quantities on both
control and test strips. Three Candida strains and one non-oral yeast Trichosporon
mucoides were isolated. Candida parapsilosis was found on one control and two test
- strips while Candida guilliermondii ar:1d Candida albicans were detected only once on

a control and a test strip. T. mucoides was isolated from one control strip.

Discussion

Topical administration of antinﬁcrébial agents in diseased periodontal pockets
reduced the risk of disturbance of the intestinal flora associated with systemic
administration. Local delivery, however, is still associated with substantial risk of
development of micrbbial antibiotic resistance at the site of application”. The
microbial effects of local delivery of tetracycline®®, minocycline®®?’,
metronidazole® and sliver nitrate' albngside scaling and root planing in periodontitis
patients have been reported. Utilization of local delivery 25% tetracycline in poly (D,
L-lactide/glycolide) strips for residual inflamed periodontal pockets of patients
undergoing supportive periodontal therapy has also been studied showing that
adjunctive tetracycline enhanced reduction of motile rods compared to scaling and
root planing, but no significant additidnal clinical benefit was recorded?®.

The current clinical project was designed in such a way as to study the utility
of local delivery of the antimicrobial minocycline as a delayed adjunct for promoting

healing of residual periodontal pockets one-month after non-surgical periodontal

therapy. The design of the study allowed the minimal possible use of the agent in that

11



only residual periodontal pockets required local delivery. If the minocycline strips
were effective, the need for surgical or further periodontal treatment of these residual
pockets could be eliminated. This study investigated the early subgingival microbial
composition during local minocycline delivery which might assist the appreciation of
the corresponding clinical healing responses. The tetracyclines, including minocyéclinie,
are bacteriostatic agents ‘with broad-spectrum “anti-microbial activity against gram--
positive, " gram-negative; . aerobic - .and obligate anaerobic - bacteria - including’
“fnicrobes including ‘black pigmenting anaerobic gram negative cods, Fusobacterium
Hiicleatum;:Actinobacillus actinomycetemcomitans, and Capnocyiophaga species™”.

It 1s assumed that the microbial biofilm colonizing a strip was reflective of the
biofilm colonizing the subgingival environment where it was located and at the time
when it was removed. Wé"‘f:?al'50"1;i-ob'servedv thatthe: biofilm formed:on: the
polycaprolactone strip could be: conyeniently released for culturing.., The removed,
strips: after having: been inserted into- the pocket. for.3 -days, could be: effectively
broken up itito pieces by the vortexing process; However; 1o confirm that the sample

‘on the strips were 2 fair reflection of sampled bacteria, 2 parallel paper point sample

for the study site alongside the sampling/used strip would have been needed. -That *

swas - not ‘carried out in the current investigation.; othiér hand; previous ‘data’
publishigd by ‘this: research group regarding subgingival microbiology of paper point -
samples of renal tfransplant recipients who had no periodontal disease but gingival -
hyperplasia .. showed - a mean of 6.5 identifiable species'®. That:observation ‘was .

-similar to the mean 7.2 identifiable species sampled by polycaprolactone control strip .

fromresidual pockets in the current study. The’commonly. identifiable -bacterial

strains isolated from day 0'control strip also appeared relatively diverse (Table 3)

12



implying that the control polycaprolactone strip did not appear to selectively sample

bacteria. Together with ‘the pre-study observation that laboratory oral microbial

“isolates in pure or mixed cultures appeared to colonize readily the control strips, we
postulate that the strips could function reasonably effectively as a sampling device.
The code for the strips was not broken until the conclusion of the study. Hence some
test strips were used as the sampling collection device at day 0. The day 0 samples

from test strips may not reflect the microbial biofilm at the sampled sites, whereas the

control strips acted as efficient sampling devices at day 0. Thevconsiderable:work f

Toad reqiiired for the anaerobic culture and characterization in this study meant that a

‘relatively small sample size ¢ould be :fnanaged and hence only one-half of the subjects
taking part in‘the clinical trial were recruited for the microbiological study.

The rate of minecycling release: from the strips was' déscribed ‘earlier’  In-vivo

experiment showed:an: initial 2 hour burst of minocycline release” into ‘the: GCF

followed by a-steady state kinetics of release (1200:ug/ml ‘GCF) within the first 4-5

d vitro: reledse data showed slightly” iore: than'50% of: the  total

mingeyclingiwas teleased: from the strips -after-3 days®*: . In order 1o maintain-an -

optitiial thefapeutic-level of minocycline at the treated sites-during the 6 days study, it

was; then decided:to-have thestrips changed once at-end of day. 3. Therefore, at the -,

moment of strip removal, the test strip would still retain certain level of minogycline.

We postulaté that if one set of strips were inserted and kept throughout the 6 days
period, higher proportions of gram negative species could be recovered on the strip.
Chlorhexidine mouthrinse was used during strip retention. " This agent has a

‘wide-spectrum’ antibacterial or anti-plaque effects, possibility ‘dueto a variety. of

“mechanisms™. " Previous studies have shown that twice daily 1 ‘minute rinsing with

chlorhexidine for one week could significantly reduce the proportion live bacteria and

13
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the total cultivable c.fu. on a in situ supragingival plaque model®*. "However, the
‘study by Langbaek and Bay> had shown that twice daily 0.2% chlorhexidine
gluconate ‘mouthrinse for 3 weeks “did not redue the amount of plaque under a
- periodontal dressing compared to placebo, indicating possible reduced availability of
‘the dgent under the dressing used, Coe-Pak. 1In the current study chlothexidine was
sused-in both test and control groups. We postulate that any effect of this agent on
“subgingival-plaque-colonization-on the strips, covered by Coe-Pak to assist in their
=retention, would be minimal.

A few studies have demonstrated reductions in proportions of motile and/or
spirochetal species and corresponding increases in coccal species after one to two
weeks introduction of tetracycline/minocycline into the untreated subgingival
environment®”***¢ Some studies on local delivery tetracycline/minocycline have also
shown reductions of total facultative or obligate anaerobic counts, with reductions in
Porphyromonas  gingivalis, Prevotella intermedia, Fusobacterium nucleatum,
Campylobacter rectus, Treponema denticola, Eikenella corrodens, Actinomyces

32427 or the overall Actinomyces, Bacterioides, Fusobacterium, and

viscosus
Streptococcus species®. Similar short term results regarding reduction of various
species and obligate anaerobe quantities were observed using metronidazole and

142 The designs of the previously published studies did not include

silver nitrate
repeat subgingival debridement to disrupt the biofilm in persistent pockets. The mean
proportion of predominantly cultivable gram-positive species at day 0 in the present
study was more than 60% reflecting té some extent the effect of the initial mechanical
therapy, despite the persistence of pockets. Significant reductions in proportions of

total gram-negative species and gram-negative rods and fusiforms after 6 days of

minocycline strip insertion demonstrated an additional antimicrobial effect of the

14



locally delrivered minocycline in the absence of any further mechanical disruption of
the subgingival microbial biofilm.

A multicentre study investigated the repeated subgingival application of
minocycline ointment as an adjunct to non-surgical periodontal therapy®. Over the 12
months clinical trial period, a small broportion of the subjects (27% of control and
15% of test subjects) reported minor clinical adverse experiences with the agent,
principally in terms of soft tissue reactions at application sites’. No superinfection
with yeasts or antibiotic sensitivity was reported in that study’. In the present study
no adverse reactions were reported in response to specific and systematic questioning.

Plaque antimicrobial resistance development as a result of local drug delivery has

738 and in vivo conditions>>*. Around 10% of the

been studied under in vitro
predominantly cultivable periodontitis-associated subgingival microbes in one study
were resistant to tetracycline*? with all resistant Prevotella and Bacteriodes species
carrying the fetQ gene. In vitro, the tetracycline resistant element, Tn916 was found
to be able to transfer horizontally amdng Streptococuss species in a plaque microcosm
format*®. Later, the effect of tetracycline on a plaque biofilm model was studied and
it was found that the drug altered the plaque biofilm composition and allowed for
bacteria resistant to tetracycline and other unrelated antimicrobials to' fluorish®.
Preus and Co-workers® reported a transient increase in proportions of minocycline
resistant plaque microbes in responsé to local delivery of 2% minocyline ointment.
This plaque minocycline resistant profile returned to normal levels by 3 month post-
therapy. A later PCR-based study regarding the presence of specific tetracycline
resistance genes (tetM, tetO, and tetQ)) showed individually stable or highly variable

resistance genes carriage patterns regardless of therapy™. The same observation was

recently reported from a study which followed up the effects of minocycline ointment

15



on in vivo subgingival plaque retQ gene carriage”’. So it seems, up to the present, that
the exact antimicrobial resistance induction effect of locally delivered
tetracycline/minocycline, if any, is yet to be elucidated. The present study did not
adddress the issue of resistance to the Iminocycline.

Few studies have investigated the subgingival plaque bacterial counts when under
the influence of local delivery minocycline. The anaerobic culture results of the
current investigation compliment the observation in a quantitative real-time PCR
study* that the total bacterial count in periodontal pockets treated locally with
minocycline did not consistently reduce. The same study*’ observed marked
reductions in the quantities of A. ‘actinomycetemcomitans, P. gingivalis and P.
intermedia. ~ While the current study did not specifically select for A.
actinomycetemcomitans, P. intermedia was detected in low quantities as well as at
low prevalence per site upon anaerobic culture. P. gingivalis was not detectable. One
possible explanation might be the fact that the levels of these periodontopathogens in
subgingival biofilm in the persistent bockets of the patients studied were dramatically
reduced as a result of the non-surgical periodontal therapy delivered one month before
minocycline strip insertion. Such per site microbial effect of non-surgical mechanical
periodontal therapy has been previously established*. The low number of
subjects/sites, however, also reduced the chances of the current study to detect
accurately the presence of low prevalence microbes.

The current study observed significantly increased prevalence of S. mitis biovar 1
in subgingival plaque associated with test strips used (Table 3). S. mitis is known to
possess the tetracycline resistance gene®, so this increase in prevalence after exposure
to minocycline was probably because the agent had provided a better competitive

edge for this microbe. Together with the significant reduction in percentage
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proportion of gram-negative rods and fusiforms attributed to the use of the
minocycline strips, the subgingival microflora at the test sites on strip removal was
shown to resemble the subgingival plaque compatible with periodontal health.

Low levels of coliform bacteria and yeasts associated with the strip placement
confirmed the relatively low complication risk associated with use of the agent’.
However, clinicians should still be aware of the observation that enteric bacteria are
possibly associated with refractory periodontitis*’. It was shown in the present study
that the foreign bodies, both in the form of control and test strips, were commonly
associated with coliform colonizatién, especially Enterobacter cloacae on strips
without any minocycline (control stﬁps, Table 3). So it seems that strip removal at
the conclusion of the treatment, at day six of this study, would be a justified procedure.

This small scale study showed that minocycline, as locally delivered, in pockets
persisting one-month after non-surgical periodontal therapy, showed the potential to
change further the subgingival microflora towards microflora compatible with

periodontal health.

Acknowledgements

The authors are grateful to Dong Kook Pharmaceutical Co. Ltd., Korea and its Hong
Kong distributor CNW (Hong Kong) Limited for providing the test and control
minocycline strips for the study. We also thank the staff hygienists, Celia Chan and
Carole Hung of the Periodontology Clinic, Prince Philip Dental Hospital, who took

good care of the participants’ periodontal health during the study.

17



References

1. Quirynen M, Teughels W, De Soete M, van Steenberghe D. Topical antiseptics
and antibiotics in the initial therapy of chronic adult periodontitis: Microbiological

aspects. Periodontol 2000 2000;28:72-90.

2. Magnusson 1. The use of locally delivered metronidazole in the treatment of
periodontitis. Clinical results. J Clin Periodontol 1998;25:959-963; discussion

978-979.

3. van Steenberghe D, Rosling B, Soéder P-O, Landry RG, van der Velden U,
Timmerman MFT, et al. A 15-month evaluation of the effects of repeated
subgingival minocycline in chronic adult periodontitis. J Periodontol

1999;70:657-667.

4. Garrett S, Adams DF, Bogle G, Donly K, Drisko CH, Hallmon WW, et al. The
effect of locally delivered controlled-release doxycycline or scaling and root
planing on periodontal maintenance patients over 9 months. J Periodontol

2000;71:22-30.

5. Wade WG, Moran J, Morgan JR, Newcombe R, Addy M. The effects of
antimicrobial acrylic strips on the subgingival microflora in chronic periodontitis.

J Clin Periodontol 1992:;19:127-134.

6. Vandekerckhove BN, Quirynen M, van Steenberghe D. The use of tetracycline-
containing controlled-release fibers in the treatment of refractory periodontitis. J

Periodontol 1997,68:353-361.

18



7.

10.

11.

12.

13.

Hung HC, Douglass CW. Meta-analysis of the effect of scaling and root planing,
surgical treatment and antibiotic therapies on periodontal probing depth and

attachment loss. J Clin Periodontol 2002;29:975-986.

Goodson JM, Holborow D, Dunn RL, Hogan P, Dunham S. Monolithic
tetracycline-containing fibers for controlled delivery to periodontal pockets.

J Periodontol 1983;54:575-579.

Heasman PA, Heasman L, Stacey F, McCracken GI. Local delivery of
chlorhexidine gluconate (PerioChip) in periodontal maintenance patients.

J Clin Periodontol 2001;28:90-95.

Ainamo J, Lie T, Ellingsen BH, Hansen BF, Johansson LA, Karring T, et al.
Clinical responses to subgingival application of a metronidazole 25% gel
compared to the effect of subgingival scaling in adult periodontitis. J Clin

Periodontol 1992;19:723-729.

Vandekerckhove BN, Quirynen M, van Steenberghe D. The use of locally
delivered minocycline in the treatment of chronic periodontitis. A review of the

literature. J Clin Periodontol 1998;25:964-968; discussion: 978-979.

Williams RC, Paquette DW, Offenbacher S, Adams DF, Armitage GC, Bray K, et
al. Treatment of periodontitis by local administration of minocycline microspheres:

a controlled trial. J Periodontol 2001;72:1535-1544.

Garrett S, Johnson L, Drisko CH, Adams DF, Bandt C, Beiswanger B, et al. Two
multi-center studies evaluating locally delivered doxycycline hyclate, placebo
control, oral hygiene, and scaling and root planing in the treatment of periodontitis.

J Periodontol 1999;70:490-503.

19



14

15:

Straub AM, Suvan J, Lang NP, Mombelli A, Braman V, Massaro J, et al. Phase 1
evaluation of a local delivery device releasing silver ions in periodontal pockets:

safety, pharmacokinetics and bioavailability. J Periodontal Res 2001;36:187-193.

Kim:DK:Kim SY; Chung SY, Chung JP, Son ‘SH. Development of minocycline

containing ;polycaprolactone film as a local drug delivery. J Korean Academy

“Periodoritol 1990; 28:279-290. [in Korean]

67

17.

18.

19.

20.

Rim"B-M, Kim H-S, Han' S-S, Lee H-I, Chae H-S. Studies on the toxicity and
biodegradation”of minocycline strip implanted in gingiva. J Korean Academy

Periodontal 1994; 24: 397-405. [in Korean]

McNabb H, Mombelli A, Gmur R, Mathey-Dinc S, Lang NP. Periodontal
pathogens in the shallow pockets of immigrants from developing countries. Oral

Microbiol Immunol 1992;7:267-272.

Leung WK, Yau JYY, Jin LJ, Chan AWC, Chu FCS, Tsang CSP, et al
Subgingival microbiota of renal transplant recipients.

Oral Microbiol Immunol 2003;18:37-44.

Smibert RM, Krieg NR. Phenotypic characterization. In: Gerhardt P, Murray RGE,
Wood WA, Krieg NR, ed. Methods for general and molecular bacteriology.

Washington DC: American Society of Microbiology 1994: 607-654.

Koneman EW, Allen SD, Janda WM, Schreckenberger PC, Winn WC Jr. Color
atlas and textbook of diagnostic microbiology, 5® edn. Miscellaneous fastidious

gram-negative bacilli: Philadelphia: Lippincott, 1997: 395-472.

20



21.

Leung WK, Dassanayake RS, Yau JYY, Jin LJ, Yam WC, Samaranayake LP.
Oral colonization, phenotypic, and genotypic profiles of Candida species in
irradiated, dentate, xerostomic nasopharyngeal carcinoma survivors. J Clin

Microbiol 2000;38:2219-2226.

22! O'Leary TJ; Drake RB, Naylor JE. The plaque control record. J Periodontol 1972;

23.

24.

25.

26.

27.

28.

43738

Edlund C, Hedberg M, Nord CE. Antimicrobial treatment of periodontal diseases

disturbs the human ecology: a review. J Chemother 1996:8:331-341.

Lowenguth RA, Chin I, Caton JG, Cobb CM, Drisko CL, Killoy WJ, et al.
Evaluation of periodontal treatments using controlled-release tetracycline fibers:

microbiological response. J Periodontol 1995;66:700-707.

Somayaji BV, Jariwala U, Jayachandran P, Vidyalakshmi K, Dudhani RV.
Evaluation of antimicrobial efficacy and release pattern of tetracycline and

metronidazole using a local delivery system. J Periodontol 1998;69:409-413.

Jones AA, Komman KS, Newbold DA, Manwell MA. Clinical and
microbiological effects of controlled-release locally delivered minocycline in

periodontitis. J Periodontol 1994,65:1058-1066.

Yeom HR, Park YJ, Lee SJ, Rhyu IC, Chung CP, Nisengard RJ. Clinical and
microbiological effects of minocycline-loaded microcapsules in adult periodontitis.

J Periodontol 1997,68:1102-1109.

Maze GI, Reinhardt RA, Agarwal RK, Dyer JK, Robinson DH, DuBois LM, et al.

Response to intracrevicular controlled delivery of 25% tetracycline from

21



poly(lactide/glycolide) film strips in SPT patients. J Clin Periodontol

1995;22:860-867.
29.Klein NC, Cunha BA. Tetracyclines. Med Clin North Amer 1995; 79: 789-801-

30:Gales 'AC,” Jones ‘RN - Antimicrobial - activity and. spectrum . of the . new
glycyleycline. ‘GAR-936 tested -against 1,203 ‘recent clinical bacterial isolates.

Diagnustic Microbiol Infect Disease 2000; 36::19-36.

Baker PJ, Evans RT, Slots J. Genco RJ. Susceptibility of human oral anagrobic
..bacteria o anitibiotics suitable for topical use. J Clin Periodontol 1985;12: 201+

208,

32/Choi H-S, Lee S=C; Kim K-J, Chong W-K, Jeong S-Y, Chung C-P.In vivo and:in-

itro.release kinetics el cytotoxicity and cellular growth survival ‘'of local 30% -

minocycline.delivery“J Korean Soc¢ Dental Biol 1992;16: 63-68. [in Korean] .

i rynen M, .,A:yc;‘),r‘;trqodt; P, Peeters W, Pauwels M, Coucke W, van Steenberghe

D Effect ‘of ‘different -chlorhexidine formulations in mouthrinses on de novo

splaque formation.  J.Clin-Periodontol 2001;28:1127-1136.

34./Giertsen E, Guggenheim B, Thumnheer T, Gmur R. Microbiological aspects of an
in:situ-model to.study -effects . of .antimicrobial agents-on dental plaque ecology. -

EurJ Oral 5¢.2000;108:403-41 L

“35Langeback ' J, Bay L. The effect of chlorhexidine mouthrinse on healing after

gingrvectomy. Scand J Dent Res 1976; 84:224-228.

36. Lindhe J, Heijl L, Goodson JM, Socransky SS. Local tetracycline delivery using

hollow fiber devices in periodontal therapy. J Clin Periodontol 1979;6:141-149.

22



37.

38.

39.

40.

41.

42,

43,

Larsen T, Fiehn NE. Development of resistance to metronidazole and minocycline

in vitro. J Clin Periodontol 1997;24:254-259.

Ready D, Roberts AP, Pratten J, Spratt DA, Wilson M, Mullany P. Composition
and antibiotic resistance profile of microcosm dental plaques before and after

exposure to tetracycline. J Antimicrob Chemother 2002;49:769-775.

Preus HR, Lassen J, Aass AM, Ciancio SG. Bacterial resistance following
subgingival and systemic administration of minocycline. J Clin Periodontol

1995;22:380-384.

Manch-Citron JN, Lopez GH, Dey A, Rapley JW, MacNeill SR, Cobb CM. PCR
monitoring for tetracycline resistance genes in subgingival plaque following site-
specific periodontal therapy. A preliminary report. J Clin Periodontol

2000;27:437-446.

Maeda H, Fujimoto C, Haruki Y, Maeda T, Kokeguchi S, Petelin M, et al.
Quantitative real-time PCR using TaqMan and SYBR Green for Actinobacillus
actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia, tetQ

gene and total bacteria. FEMS Immunol Med Microbiol 2003;39:81-86.

Lacroix J-M, Walker CB. Detection and prevalence of the tetracycline resistance
determinant fetQ in the microbiota associated with adult periodontitis, Oral

Microbiol Immunol 1996;11:282-288.

Roberts AP, Cheah G, Ready D, Pratten J, Wilson M, Mullany P. Transfer of
Tn916-like elements in microcosm dental plaques. Antimicrob Agents Chemother

2001,45:2943-2946.

23



44 Mombelli A, Schmid B, Rutar A, Lang NP. Persistence pattems of
Porphyromonas gingivalis, Prevotella intermedia/nigrescens, and Actinobacillus
actinomyetemcomitans after mechanical therapy of periodontal disease. J

Periodontol 2000;71:14-21.

45. Colombo AP, Haffajee AD, Dewhirst FE, Paster BJ, Smith CM, Cugini MA, et al.
Chinical and microbiological features of refractory periodontitis subjects. J Clin

Periodontol 1998;25:169-180.

24



Table(s)

Table 1 Demographic data and clinical parameter of subjects immediately prior to

control or test strip insertion®.

Control Test
n 6 8
Age (years)" 46.7 + 8.4 48.0+6.5
% Female 333 50.0
Oral condition after initial therapy
% Plaque™® 212 +13.1 28.0+17.3
% BOP" 43.0+22.0 45.7+20.7
No. of teeth with PD > 5Smm” 47+25 31+16
No. of sites with PD > Smm” 88+6.0 41+24
Sampling site PD (mm)" 75+1.0 73+2.0

*Two female control subjects excluded due to 15remature loss of strips.

® mean +SD

)Leary Plaque mdexzz)

2% Plague: present of plague detectable by an explorer at 6 sites per tooth (Modified




Table 2 Quantity (c.f.u./strip) of cultivable species from control and test minocycline

Control Test
Total count (X10°)
day O 1.84+27 6.2+53
day 3 23.8+56.3 24439
day 6 11.3+133 20+33
Anaerobic count (X10%
day O 53+8.6 13.1+14.2
day 3 117.2 +286.5 14+29
day 6 9.9il6.8 43+8.1
Selective culture for aerobic and facultative anaerobic gram-negative rods and
yeasts
day 0 0.0+0.0 23.0+64.0
day 3 5826 + 9098 1030 + 2555
day 6 295 +481 104 +293

*day O: strip inserted, left for 30s removed; day 3: strips inserted and retained from
day 1-3; day 6: strips inserted and retained from day 4-6.




Table 3 ' Prevalence of microbes isolated and the corresponding mean percentage
isolation from control and used test minocycline strips®.

, Control Test

day 0 | day3 | day 6 day 0 | day3 | day 6
Gram-positive
Facultative anaerobic cocci
Gemella haemolysans 333 | 333 16.7 375 0 375
Gemella morbillorium 50 333 50 62.5 62.5 37.5
Granulicatella adiacens 0 0 0 0 0 25
Micrococcus spp. 16.7 0 16.7 25 0 0
Staphylococcus auricularis 0 0 333 12.5 12.5 0
Staphylococcus lentus 0 0 16.7 0 25 0
Streptococcus constellatus 0 16.7 | 333 0 0 0
Streptococcus equinus 0 16.7 0 25 0 12.5
Streptococcus intermedius 16.7 0 333 25 12.5 25
Streptococcus mitis biovar 1° 16.7 0 0 50 375 375
Streptococcus oralis 333 | 66.7 | 16.7 50 62.5 375
Anaerobic coccl
Anaerococcus prevotii® 0 0 16.7 62.5 25 12.5
Peptostreptococcus micros 0 0 0 37.5 12.5 12.5
Facultative anaerobic rods ‘
Actinomyces naeslundii 5~O 0 3.3 12> 0 0
Gram-negative
Anaerobic cocci
Veillonella spp. 0 0 0 0 25 25
Facultative anaerobic rods
Enterobacter cloacae™®* O 50 50 0 12.5 12.5
Kingella kingae 0 0 0 25 0 0
Anaerobic rods
Campylobacter gracillis 333 | 16.7 0 25 12.5 0
Prevotella melaninogenica 0 0 0 25 12.5 0




Facultative anaerobic fusiforms

Capnocytophaga gingivalis 66.7 | 333 16.7 25 0 12.5
Anaerobic fusiforms

Fusobacterium necrogenes 16.7 0 0 25 0 12.5
Non-oral® 333 | 667 | 833 50 50 50
Lost/unidentified spp.” 83.3 50 50 125 | 375

66.7

* Only species with frequency of isolation > 20% in any sample are included.
® Significantly different prevalence of isolation from test than control strips after use,
Fisher exact test, P < 0.05. Prevalence data of days 3 and 6 pooled together.
¢ Significantly greater prevalence of isolation from test than control strips at baseline
(day 0), Fisher exact test, P = 0.03.

non-oral species

¢ isolation by MacConkey agar and/or anaerobic culture




Figure iegend(s)

Legend

Figure 1. Relative mean proportion of predominant cultivable bacterial types
from used test minocycline and control strips. Significantly lower proportions of total
gram-negative species or gram-negative rods and fusiforms were observed on day 6
test minocycline strips than on corresponding controls (P = 0.026, Bonferroni

multiple comparison).
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	Microflora cultivable from minocycline strips placed in persisting periodontal pockets



