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Abstract

Periodontal diseases are now one of the greatest challenges for modern dentistry. Tooth loss impacts on systemic
diseases in many patients. It seems therefore that the treatment of chronic periodontitis is beneficial not only for
overall dental health but also for overall general health. Currently, the treatment of periodontal diseases emphasizes
a maximum of local treatment without systemic complications. The creation of local drug carriers is of great impor-
tance and is very useful in periodontic practice. Elimination of side effects from overall treatment creates a good basis
for long-term treatment especially in patients with systemic diseases. However, the oral environment does not create
favorable conditions for topical pharmacotherapy. The continuous flow of saliva, cheek movement, mealtimes, talk-
ing - all these factors make it difficult to maintain medicine long enough on the mucosa or in the periodontal pocket.
The application of the medicine itself to the periodontal pocket is difficult; additionally, both the ability to control
the amount of medicine released and the medicine continuation time in the pocket is often unpredictable. Modern
pharmacology and biotechnology are in search of new solutions and ways to deliver medicines topically. The popular
carriers of the past have now been abandoned due to the fact that they required removal from the treated site after
a few days. They caused a number of disadvantages, e.g. periodontal tissue damage during application. Modern muco-
adhesive medicine carriers produced on the basis of hydrophilic compounds are of particular interest. Several studies
have demonstrated ease of application and good retention in the pocket (Dent. Med. Probl. 2012, 49, 4, 583-587).
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Streszczenie

Choroby przyzebia sg obecnie jednym z najwiekszych wyzwan wspolczesnej stomatologii. Utrata zebow rzutuje u chorych
na wiele schorzen ogolnoustrojowych. Wydaje sie wigc, ze leczenie przewleklego zapalenia przyzebia przynosi korzy$¢ nie
tylko dla zdrowia jamy ustnej, ale tez dla zdrowia ogdlnego. Obecnie w leczeniu choréb periodontologicznych dazy sie
do miejscowego leczenia bez powiklan ogolnoustrojowych. Stworzenie nosnikdw lekow dziatajacych miejscowo ma duze
znaczenie i jest bardzo przydatne w praktyce periodontologicznej. Eliminacja skutkéw ubocznych leczenia ogélnego stwa-
rza dobre podstawy do leczenia dlugoterminowego, szczegdlnie u pacjentéw obcigzonych chorobami ogélnoustrojowymi.
Srodowisko jamy ustnej nie stwarza dogodnych warunkéw do prowadzenia farmakoterapii miejscowej. Ciagly przeptyw
$liny, ruch policzkdw, przyjmowanie positkow, mowienie utrudniaja wystarczajaco dtugie utrzymanie leku na blonie §lu-
zowej lub w kieszonce przyzebnej. Samo podanie leku do kieszonki przyzebnej jest trudne, dodatkowo mozliwos¢ kontroli
ilosci uwalnianego leku i dtugo$¢ utrzymania si¢ leku w kieszonce jest czgsto nieprzewidywalna. Wspolczesna farmako-
logia i biotechnologia szukaja nowych rozwigzan i sposoboéw dostarczania miejscowego lekow. Odchodzi si¢ od popular-
nych jeszcze kilka lat temu nosnikow statych, ktére wymagaty usuniecia z miejsca leczonego po kilku dniach. Niosly one
ze sobg wiele niedogodnosci, np. uszkodzenie tkanek przyzebia podczas aplikacji. Na szczegolne zainteresowanie zastuguja
nowoczesne mukoadhezyjne no$niki lekéw na bazie zwigzkéw hydrofilowych. W wielu badaniach udowodniono fatwos¢
podawania i dobrg retencje w kieszonce (Dent. Med. Probl. 2012, 49, 4, 583-587).

Stowa kluczowe: przewlekle zapalenie przyzebia, metronidazol, leczenie miejscowe.
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Oral medicine is a concept used in the Eng-
lish literature, corresponding to the Polish med-
ical dentistry which deals with diseases occur-
ring in the oral cavity and periodontal structures,
and particularly with irregularities in the mucous
membranes, and the manifestation of systemic dis-
eases [1]. The term correlates with the abundance
of medical diseases observed in the oral mucosa.
However, despite this abundance, the number of
drugs that can be applied here is not large. This is
due to the lack of good systems to maintain ther-
apeutic drug concentrations in the mucous mem-
brane or in the periodontal pocket. The lack of
these systems is associated with numerous disad-
vantages in therapy for both patient and doctor.
A lack of control over the maintenance of treat-
ment of pathologically-affected areas is often as-
sociated with failure of local therapy.

Local chemotherapy conducted in the oral
cavity is very difficult due to the specific environ-
ment in which it is used. The mouth with the nu-
merous recesses and continuous muscle, cheek
and tongue movement is constantly moistened by
saliva which creates an environment in which it is
difficult to maintain drugs. In addition, it fulfills
the role of the first section of the gastrointestinal
tract and the consumption of food and beverages
is associated with constant changes in the pH of
the environment.

All the above factors negatively affect the treat-
ment of oral diseases, which are usually chronic
and require prolonged treatment.

Medicine delivery systems in periodontal dis-
eases are divided into subgingival irrigation meth-
ods and medicine-soaked solid carriers. Contra-
dictory research results have been reported, some
have confirmed the significant value of local ther-
apy, while others have shown no justification for
this type of therapy. Accurate selection of pa-
tients, the quality of medicine administration, ini-
tial pocket depth, and time of use are key factors
in the evaluation of the use of topical medications.
New meta-analyses have shown that topical met-
ronidazole application, as an additive in conven-
tional mechanical treatment, provides a better ef-
fect than in other comparable therapies in terms of
reduction of pocket depth [2].

Periodontal disease is a chronic disease caused
by bacteria in periodontal pockets. It occurs at the
appropriate genotype of the patient and with the
participation of modifying factors. Mechanothera-
py is the mainstay of treatment and consists main-
ly of scaling and root planning aimed at smooth-
ing the tooth root and the elimination of iatro-
genic recesses. Chemotherapy is, in many cases,
a support for mechanotherapy. The use of antibi-
otics does not improve overall treatment outcomes

of chronic periodontitis. They should be used only
in specific cases because their side effects seem to
outweigh the benefits.

The American Academy of Periodontology
has begun to discourage the routine use of antibi-
otics in general in order to avoid side effects. The
use of topical antimicrobial medicines is a sub-
ject of clinical trials, where their effectiveness as
support or alternative methods to traditional me-
chanical methods is being tested [2].

Local chemotherapy as an adjunct, always af-
ter the initial phase of hygienization, is considered
to be a good supplement, but requires the use of
a carrier that would maintain optimal therapeutic
concentrations of the active substance in the peri-
odontal pocket for a prolonged period of time. The
use of modern carriers for drugs administered in-
to a pocket gives more control over drug delivery
and its extended action.

Conditions for maintaining the drug in the
pocket are especially difficult because it is still an
open reservoir, exposed to reinfection from su-
pragingival plaque and intracellular sources (ep-
ithelium gums, cheek). In addition, a continuous
flow of fluid out of the pockets makes it difficult
to obtain the MIC (minimal inhibitory concen-
tration), and the half-life of an unbound drug in
the pocket is estimated at about 1 minute. How-
ever, the possibility of drug delivery locally into
the pocket (with the minimization of overall ad-
verse events) has resulted in several forms of top-
ically administered drugs called LDD (local drug
delivery). They are based on different carriers and
different active ingredients (Atridox, Actisite, Pe-
riochip). However, now in Poland, these drugs are
difficult to obtain, and the therapy is very expen-
sive [3].

It seems that the search for new forms of drug
stability and new methods of its delivery direct-
ly into the pockets noticeably facilitate the heal-
ing process.

There is a need for methods of more effective
drug delivery to enable the maintenance of con-
stant therapeutic concentrations in the tissue to be
treated in the long term, with minimal risk to the
body [4] (Table 1).

Polyacrylic acid, called CARBOPOL (car-
boxypolymethylene, carboxyvinyl polymer, car-
bomer), is used as a universal excipient in mod-
ern pharmaceutical confections. Carbopol is used
in cosmetics and pharmaceuticals to thicken solu-
tions, to stabilize the suspensions and emulsions
and the manufacture of tablets and capsules. Due
to its bioadhesive properties, it is included in the
production of nasal, buccal, intra-uterine and rec-
tal dosage drug forms. Carbopols are used in the
formulation of dermatological preparations such
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Table 1. The three main advantages that characterize drug delivering polymer compositions [4]

Tabela 1. Trzy podstawowe zalety, jakie charakteryzuja polimerowe kompozycje dostarczajace lek [4]

Local drug delivery

the product can be delivered directly at the point where the drug is required, and thus systemic
effects of the drug will be reduced. This is particularly important in the case of toxic drugs asso-
ciated with a variety of effects in the body

Flower drug delivery

the drug is released over an extended period of time

Drug stabilization

the product can be delivered directly at the point where the drug is required, and thus systemic
effects of the drug will be reduced. This is particularly important in the case of toxic drugs asso-
ciated with a variety of effects in the body

as ointments and gels. Preparations marked P, e.g.
CARBOPOL 974P and CARBOPOL 971P, are al-
lowed for oral use, and contact with mucous mem-
branes [5].

The advantages of hydrophilic foundations
based on Carbopol are its mucoadhesive proper-
ties, which mean that they are used as prepara-
tions for skin and more frequently mucous mem-
branes. The use of hydrogels is recommended in
acute inflammation, in cases of lyophilic base in-
tolerance, mucosal diseases, and diseases of the
scalp. It has also been observed that many of the
active substances are released faster from hydro-
philic bases than Iyophilic ones [6].

Metronidazole is an antimicrobial drug often
used in local chemotherapy of chronic periodonti-
tis. It is a drug of nitroimidazole derivatives. It ex-
hibits bactericidal activity against protozoonicidal
and anaerobic microorganisms. It can be delivered
either orally - 250 mg tablets, and localized mostly
in the form of a gel, 1%, 5% and 10%, 25% metron-
idazole gel Elyzol, and often clinically in the form
of pocket irrigation - 0.5% solution for injection.

Metronidazole gel Elyzol® 25% - the prepara-
tion is in a syringe with a dispenser, which allows
quick and accurate application. Immediately after
administration into the pocket the drug is a sol,
and contact with saliva or gingival fluid causes its
transformation into a gel, which then undergoes
crystallization, thus securing its long-term thera-
peutic effect. Metronidazole acts primarily on an-
aerobic flora and its mechanism of action is inhi-
bition of DNA synthesis in the bacterial cell [7].

Numerous studies have confirmed the ad-
ditional therapeutic effects of Elyzol when com-
bined with root planning treatment and metron-
idazole 25% (Elyzol) [7-10]. The largest percentage
of shallow pockets was observed in groups using
the combination therapy. However, it was noticed
that only long-term studies may indicate good
non-surgical treatment efficacy in combination
with metronidazole. Short-term results of treat-
ment with metronidazole and placebos were simi-
lar, but four months after gel application, the lev-
el of PD increased fourfold in pockets treated with

placebos while in pockets treated with metronida-
zole it remained unchanged. While comparing the
effectiveness of the application of 1% and 25% gel,
comparable results were seen and the conclusion is
that most important in local application is not on-
ly the same active substance (the percentages), but
also the form of medicine that would guarantee its
longest presence in the pocket [8-10].

In 2010 Antonietta Rizzo et al. [11] conduct-
ed a series of experiments, the purpose of which
was to investigate the in vitro effect of metronida-
zole on periodontal ligament cell viability; howev-
er, the impact of metronidazole to modulate the
release of interleukin IL 1-beta, IL-6, IL-8, IL-12,
and tumor necrosis factor (TNF-alpha) was also
evaluated.

Continuous stimulation of immune cells and
periodontal cells by pathogens and their virulence
factors, such as LPS liposaccharide, results in un-
controlled production of cytokines. They direct-
ly and indirectly cause bone destruction and local
periodontal structure destruction. Periodontal lig-
ament cells are involved in the immune response
in the oral cavity. They can produce cytokines
which enhance the inflammatory response.

The results showed that metronidazole has no
cytotoxic effect on periodontal ligament cells and
is able to inhibit the production of proinflamma-
tory cytokines, which provides more therapeutic
application possibilities.

It now seems that the quantitative and qualita-
tive analysis of the specific components of gingival
pocket fluid (GCF) could be useful in assessing the
health of periodontal tissues.

Jaleh Varshosaz [12] used the production of gel
based on metronidazole and Carbopol in his re-
search. In its assumptions he focused on exploring
the following parameters: the hardness and effi-
ciency of the product, the ability to compress and
distribute, the ability for syringe applications, the
ability to adhere.

In order to develop a locally acting drug that
provides a prolonged duration of action in the gin-
gival pocket, he prepared the following bioadhe-
sive polymers containing 5% metronidazole: car-
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boxymethylcellulose, methylcellulose, hydroxy-
ethylcellulose, polyvinylpyrrolidone, carbopol.

Increased polymer concentrations decrease
the release of the drug and facilitate delivery with
a syringe, improve efficiency value and adhesion,
but decrease the ability to spread. PH and the con-
centration of Ca2 + had an impact on gel bioad-
hesion.

The viscosity of the products was increased via
greater polymer concentration. In this way reduc-
tion in the values of the drug deposit was caused
by reduced values of penetration and dissolution
in the more viscous products.

Newer methods of obtaining such medicine
carriers guaranteeing the best treatment results
are used in biotechnology.

Electrospinning is a process that involves the
use of electricity for pumping semi-liquid sub-
stances and the production of very thin thread.
The final effect is achieved through the use of spe-
cially-designed very narrow nozzles. The resulting
fibers are then woven like a classic fabric, but their
strength is incomparably greater [13].

This process was used to synthesize absorbed,
polylactide fibers with metronidazole used in the
topical treatment of periodontitis [14]. In the quot-
ed experiment, such fibers were loaded with 0.1-
-40% metronidazole and the metronidazole-re-
lease profiles from the fibers were analyzed. Anti-
bacterial effectiveness (Fusobacterium nucleatum,
Aggregatibacter actinomycetemcomitans, Porphy-
romonas gingivalis) was determined by measur-
ing zones of growth inhibition on agar. Cytotoxic-
ity was tested on human fibroblasts. As a result of
the experiment, it turned out that metronidazole
was freed the fastest from the fiber of 20% content
for the first 3 days. All fibers released 32-48% of
the total medicine. Portions of the medicine ob-
tained from fibers inhibited the growth of all three
bacteria. Metronidazole was released for up to
28 days from fibers containing 40% of the sub-
stance. All fibers and portions of the medicine
showed no toxicity in relation to the tissues. Such
fibers are an interesting alternative to previous-
ly used non-absorbed fibers (tetracycline fibers,
ATRIDOX®), which had to be removed after a few
days, which was a risk of periodontal tissue dam-
age and was time consuming [15]. Polylactide fi-
ber core has proven itself as a carrier of medicines
because it is biodegradable, stable and allowed for
medical purposes, and the metronidazole amount
released from it is able to inhibit even the Aggre-
gatibacter actinomycetemcomitans.

In the search for the perfect, modern medi-
cine carriers it has been observed that materials
with similar chemical compositions to the bone
containing calcium and phosphorus have excel-

lent bioactivity, biodegradability and the ability to
form chemical bonding with tissues [16]. Silicide
can be used as a component which improves the
mechanical properties of calcium-phosphate ma-
terials. Xerogels are non-toxic derivatives of sili-
cide and in vivo biocompatible.

Due to weak bone vascularization and poor
medicine penetration to the bones, their topical
application is a very desirable solution [17].

Medicines used in the topical treatment of
periodontitis chronica could also be applied not
only to the periodontal pocket, but also for exam-
ple be attached to the buccal mucosa, from where
the treating substance would be released. Chito-
san has antibacterial properties and is a promis-
ing bioadhesive material at physiological pH. The
downside is that hyperhydration (saliva) can cause
gel transformation into slippery mucus. For this
reason other types of biodegradable polymers were
added to hitozan which enabled adhesion failures
to be avoided. Biodegradable polymers are biocom-
patible, easy to form and have good mechanical
properties. The main aim of the experiment con-
ducted by El-Kamel et al. [18] was the invention of
local, oral, mucoadhesive, metronidazole benzo-
ate with controlled release, which could be applied
to the buccal mucosa and removed by the patient.
Mucoadhesive films from chitosan and chitowan
in conjunction with the polymer were prepared
in order to achieve the aim. Fourteen healthy pa-
tients aged 20-30 years were instructed to rinse
their mouths with water, and then stick films on
the mucosa of both buccals. Each film contained
20 mg of metronidazole. During the study, patients
could not eat or drink. Every 15 minutes, saliva
was collected from them to determine the concen-
tration of released medicine. Patients did not com-
plain of discomfort, they had no taste disorders,
and could talk freely. The amount of metronida-
zole released from films ranged from 5-15 mg.
The developed mucoadhesive membrane met the
conditions for both medicine release, and me-
chanical and bioadhesive properties. In addition,
it allows delivery of medicine of a greater amount
than the minimum concentration required to act
against anaerobes for 6 hours. The proposed solu-
tion does not require application by the physician
providing the patient with the possibility of home
application [18].

Mucoadhesive drug delivery systems have sev-
eral advantages, e.g. ease of application, and good
retention in the gingival pocket. They draw water
locally and form strong secondary chemical bonds
on the dehydrated mucosa. In summary, the contin-
uous improvement of pharmaceutical procedures,
using increasing numbers of new biodegradable
carriers, does not preclude the use of metronida-
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zole as a locally used antibiotic in periodontal dis-
eases and offers hope of achieving the aim of pro-
ducing a proven drug for everyday clinical work.
Currently researchers at the Department of
Periodontology, Wroclaw Medical University are
examining hydrophilic compounds produced on
the basis of Carbopol 971P with active-metroni-
dazole which are administered into the pocket in
chronic periodontitis. The main objective of the

research is to determine whether modern muco-
adhesive drug carriers have the potential to in-
crease the effectiveness of local chemotherapy
in the treatment of periodontitis. The answer to
this question is hoped to be known soon, because
the research has already entered the clinical tri-
al phase. The research is being conducted in co-
operation with the Department of Pharmaceutical
Technology, Wroclaw Medical University.
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