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Periodontal diseases are inflammatory conditions that affect the soft and hard tissues
supporting the teeth. It is well understood that various forms of periodontal diseases and
tooth caries are caused by several bacteria existing in an organized structure called dental

plaque. Considering the bacterial etiology of periodontal disease, this article represents a
systematic review for the role of antibiotics in treatment of periodontal infections based on
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INTRODUCTION

The most frequent infectious conditions in
humans are probably dental caries and periodontal diseases
that result from actions of dental plaque. This bacterial
plaque is a yellowish biofilm forms on the teeth surfaces
and contains communities of disease-causing bacteria,
microorganisms such as fungi, food debris, and salivary
products. Recent studies have revealed that about 500
different bacterial species have the ability to colonize the
mouth and any individual may have at least 150 or more
different species. Growth and maturation of disease-
causing bacteria especially gram negative anaerobes that
are responsible for gingival and periodontal diseases occur
if the plaque remains on the tooth surface for several hours
[1-5].

The primary colonizing bacteria that are usually
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present at the mouth adhere to the tooth surface and if not
clean regularly, attach to the secondary bacterial colonizers
by providing special receptors. This process of attachment
is called Coadhesion or Co-aggregation that leads to the
development of microcolonies and ultimately to a mature
biofilm. A complex mature biofilm protect the bacteria
from the host’s immunologic mechanisms as well as from
chemical mouth rinse and antibiotics used for treatment of
the disease. An antibiotic strength interestingly should be
500 times greater than the usual therapeutic dose for
affecting the bacteria that have arranged in dental plaque.
With the passage of time in the subgingival plaque there
would be also a progressive shift from gram-positive
facultative bacteria to gram-negative, anaerobic species.
These pathogens include, but are not limited to Treponema,
Bacteroides, Porphyromonas, Prevotella,
Capnocytophaga, Peptostreptococcus, Fusobacterium,
Actinobacillus, and Eikenella[6-10]. Table 1 shows the
main species of bacteria known as the first or secondary
colonizers.
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The periodontal pathogen species possess a
number of virulence factors, including endotoxin,
leukotoxin, collagenase, and protease for triggering the
host cells to produce pro-inflammatory cytokines and other
chemical mediators of inflammation. Cytokines are soluble
proteins, produced by host cells, which regulate cellular
interactions with signal messaging. Their actions are
regulation of growth, differentiation, initiation and
maintenance of immune and inflammatory responses. One
of the most important cytokine groups are interleukins that
are involved in communication between leukocytes and
other cells, such as epithelial, endothelial and fibroblasts
for conducting immune and inflammatory processes [11-
14].

Periodontal infection in the early stages is called
gingivitis and if untreated turns to periodontitis at the later
stages. Gingivitis determines by gum swollen, redness and
bleeding which is the immune’s natural response to the
presence of destructive bacteria around the tooth. The
advanced form of periodontal disease is called
periodontitis which is diagnosed by inflammatory gum
attachment loss, alveolar bone break down and finally
tooth mobility [15-17]. Table 2 presents classification of
periodontal disease conditions and their diagnostic criteria.

Antibiotics in periodontal treatment

An antibiotic is a natural or synthetic agent that
kills or inhibits the growth of selective microorganisms,
usually at low concentrations. They are indicated for
treatment of advanced and aggressive forms of
periodontitis, prophylaxis of cardiovascular high-risk
individuals, major implant or bone graft surgeries and
before periodontal procedures of immune-compromised
patients. In periodontal treatment antibiotics are
administered locally or orally for reducing the number of
bacteria present in the diseased tissues. Since the bacteria
can invade periodontal tissues and mechanical therapy like
scaling and root planning would be ineffective, the
systemic administration of antibiotics may be a necessary
adjunct for the controlling of bacterial infection. The local
administration directly to the periodontal pocket provides
greater concentrations of antibiotics to the infected area
and reduces the side effects of systemic administration.
The main criteria of selecting an antibiotic in periodontal
medicine are sensitive and specific for periodontal
pathogens, not allergenic, nontoxic, substantive, not
routine, and inexpensive. Although oral bacteria are
susceptible to many antibiotics, but the concentration of a
single agent decrease in the gingival fluids and all putative
periodontal pathogens cannot be inhibited. For this reason
a combination of two antibiotics and using an antiseptic
mouth rinse may be recommended to get rid of all involved
pathogens of periodontal tissues. Table 3 shows some
examples of routine antibiotics for single versus
combination therapy. They should be prescribed due to the
manufacturer’s guidelines for warnings, contraindications,
and precautions of use [18-23].
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Amoxicillin

Amoxicillin is a semi-synthetic penicillin
antibiotic that has been used since 1972 and is one of the
most commonly prescribed antibiotics in children and
adults with an extended anti-infective spectrum that
includes gram-positive and gram-negative bacteria.
Amoxicillin is used in the treatment of several infections,
including ear, nose, throat, urinary tract, lung, skin and oral
infections. It is also used for prophylaxis to prevent
bacterial endocarditis in high-risk individuals before dental
treatments such as tooth extractions, all oral surgeries,
scaling and root planning. High-risk people include
artificial heart valves, major and congenital heart defects
and a history of previous endocarditis [24, 25].

In general use, due to the severity and extension
of the disease, it may be used alone or together with
another antibiotic called combination therapy. In
periodontal practice amoxicillin may be useful for the
management of patients with localized and generalized
aggressive periodontitis and advanced forms of other
periodontitis. The recommended dosage is 500 mg three
times daily for at least 7 days [26, 27].

Azithromycin

Azithromycine is one of the macrolide antibiotics
used for periodontal treatment. Other macrolides used for
periodontal treatment include erythromycin and spiramycin
which are not in general use. Macrolides inhibit protein
synthesis and can be bacteriostatic or bactericidal
depending on the concentration of the antibiotic.
Azithromycin is effective against gram-negative and
anaerobic bacteria and has a significant level of
concentration in periodontal tissues after an oral dosage of
500 mg four times daily for 3 days, which is recommended
for treating periodontal abscess. It also has the ability to
penetrate fibroblasts and phagocytes and transported to the
inflammatory sites by phagocytes and released during
phagocytosis, therefore azithromycin is suggested to be an
effective adjunctive therapy for improving periodontal
status in patients with advanced periodontitis [28, 29].

Ciprofloxacin

Ciprofloxacin is a member of fluoroquinolones
family, a group of broad-spectrum antibiotics that affects
both gram-negative and gram-positive bacteria and plays
an important role in treatment of bacterial periodontal
infections. Recent studies have revealed that all strains of
A. actinomycetemcomitans, which is an important
periodontal pathogen,are susceptible to ciprofloxacin. It is
usually used as a single or combined regimen for
controlling severe forms of periodontitis and establishing
the periodontal health microflora such as streptococcus
species [30].

Clindamycin

Clindamycin that is chemically structured as
methyl 7-chloro-6,7,8-trideoxy-6-{[(4R)-1-methyl-4-
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propyl-L-prolylJamino}-1-thio-L-threo-a-D-galacto-
octopyranoside is an effective antibiotic against both
aerobic gram-positive cocci and anaerobic, gram-
negative rod-shaped bacteria. In periodontal practice
clindamycine is used for two purposes, first the situations
in which the patient is allergic to penicillins like
amoxicillin or ampicillin and second for treating refractory
periodontitis and peri-implantitis because of high affinity
of clindamycine for osseous tissue. However, it should be
noticed that this antibiotic is not usually the first choice of
treatment in oral and periodontal disease [31, 32].

Tetracyclines

Tetracyclines are semi-synthetic derivatives of
polycyclic naphthacenecarboxamide that have four
hydrocarbon rings. These broad-spectrum bacteriostatic
antibiotics have been used since 1940 for the treatment of
infections of the oral cavity, skin, urinary tract, respiratory
tract, and the intestines. This group of antibiotics includes
tetracycline, oxytetracycline, doxycycline and
minocycline. Tetracyclines have the ability to concentrate
in the periodontal tissues and inhibit the growth of
aggregatibacteractinomycetemcomitans, so they are useful
in the treatment of localized aggressive periodontitis and
other advanced forms of periodontitis. Anticollagenase
activity of tetracyclines is of great interest because can

inhibit tissue destruction and may promote bone
regeneration. Another special distinctiveness of this
antibiotic is it’s concentration in the gingival crevice that is
2 to 10 times more than the serum levels, that’s why
tetracycline is effective for the treatment of periodontal
diseases. Long-term use of 20 mg of doxycycline twice
daily is recommended as a part of sub-antimicrobial dose
strategy to inhibit collagenase activity and improving
periodontal status [34, 35].

Metronidazole
Metronidazole is a nitroimidazole bactericidal
compound that prevents bacterial DNA synthesis and is

effective against anaerobes such as
Porphyromonasgingivalisand Prevotellaintermedia,
Fusobacteriumand  Peptostreptococcus species. This

antibiotic is not usually used alone or as the first choice of
treatment for periodontal infections. Several studies have
demonstrated the efficacy of metronidazole for treatment
of gingivitis and periodontitis when used in combination
with amoxicillin or Ciprofloxacin. When prescribed
systemically, metronidazole reduces the growth of
anaerobic flora, including spirochetes, and it decreases the
clinical signs of periodontitis like bleeding with probing
[36, 38].

Table 1. Overview of Primary and Secondary Colonizers in Dental Plaque

Primary colonizers

Secondary colonizers

Streptococcus gordonii, intermedius, mitis, oralis, sanguinis,

Campylobacter gracilis, rectus, showae

Actinomycesisraelii, naeslundii, oris,

Fusobacteriumnucleatumsppnucleatum, vincentii,

polymorphum, periodonticum

Aggregatibacteractinomycetemcomitans
serotype a

Prevotellaintermedia, loescheii, nigrescens

Capnocytophagagingivalis, ochracea, sputigena

Streptococcus constellatus

Eikenellacorrodens

Tannerella forsythia

Actinomycesodontolyticus

Porphyromonasgingivalis

Veillonellaparvula

Treponemadenticola

Aggregatibacteractinomycetemcomitans

texture and shape.

probing, Changes in color, size,

serotype b
Table 2. Classification of periodontal disease conditions
Diagnosis considering stage of | Clinical appearance Diagnostic criteria
the disease
Gingivitis Gingival erythema, Bleeding on | The sulcus depth usually remains at levels of

1-3 mm with no attachment loss.

Mild-moderate periodontitis

seen.

Gingivitis when the attachment loss
has occurred is termed periodontitis.
Bone loss and recession usually is

Clinical attachment loss <6mm, Radiographic
findings of angular or horizontal bone loss.

Advanced periodontitis

periodontitis.  This

If the attachment loss exceeds 5 mm,
the diagnosis would be advanced

periodontitis in multi-rooted teeth
causes furcation involvement.

Tooth mobility, angular as well as horizontal
alveolar bone loss is included in this diagnosis.
Furcation involvement is demonstrated by
penetrating a periodontal probe through the
inter-radicular portion of the tooth.

form of
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Table 3. Single Antibiotic Regimens Used to Treat Periodontal Diseases

Regimen Dosage/Duration
Amoxicillin 500 mg Three times daily for 8 days
Azithromycin 500 mg Once daily for 4 to 7 days
Ciprofloxacin 500 mg Twice daily for 8 days
Clindamycin 300 mg Three times daily 10 days
Tetracyclines(Doxycycline/minocycline) 100 mg to 200 mg Once daily for 21 days
Metronidazole 500 Three times daily for 8 days

Table 4. Combined Conventional Antibiotic Regimens for Treatment of Periodontal Diseases

Regimen Dosage/Duration

Metronidazole +Amoxicillin 250 mg of each Three times daily for 8 days

Metronidazole +Ciprofloxacin 500 mg of each Twice daily for 8 days

Table 5. Adverse effects of antibiotics used in the treatment of periodontal diseases. In these situations the patient
should consult the physician and stop using the medication.

Antibiotic Most common side effects

Penicillin

Hypersensitivity, rashes, nausea, diarrhea

Azithromycin

Diarrhea, nausea , abdominal pain , and vomiting

Ciprofloxacin

Nausea, diarrhea, abnormal liver function tests, vomiting, and rash

Clindamycin rashes, nausea, diarrhea

Tetracycline

Gastrointestinal intolerance, Candidiasis, dental staining and hypoplasia in childhood, nausea,
diarrhea, interaction with oral contraceptives

Metronidazole

Gastrointestinal intolerance, nausea, antabus effect, diarrhea, unpleasantmetallic taste

CONCLUSION

This article reviewed several antibiotics used for
treatment of periodontal diseases, their indications and side
effects. Although oral hygiene instruction against dental
plaque formation and mechanical periodontal treatment
like scaling and root planning improves clinical conditions
in most cases, adjunctive antimicrobial agents, used either
locally or systemically, is necessary in advanced situations.
Since the antibiotic resistance is a global public health
problem, care should be taken for selecting the effective
antibiotic in any especial condition and preventing the
overuse.

ACKNOWLEDGEMENTS

| take this opportunity to appreciate all of the
Mashhad Department of Periodontology and Implant
dentistry faculty members for their help and support. The
alphabetical List of professors include, Hamid Reza Arab,
Seyed Ali Banihashemrad, Kazem Fatemi, Habib allah
Ghanbari, Majid Reza Mokhtari, Amir Moien
Taghavi, mehrdad Radvar, Naser Sargolzaei. | thank all of
them for the constant encouragement, support and
attention.

DECLARATION OF INTEREST

The author confirms that this article content has
no conflict of interest.

REFERENCES

1. Contreras A, Slots J. (2000). Herpesviruses in human periodontal disease. J. Periodontal Res. 35, 3-16.

2. Offenbacher S. (1996). Periodontal diseases: pathogenesis. Ann. Periodontol, 14, 821-878.

3. Socransky SS. (1977). Microbiology of periodontal disease: present status and future considerations. J. Periodontol, 48,
497-504.

4. Moore WEC, Moore LVH. (1994). The bacteria of periodontal disease. Periodontol, 5, 66-77.

5. O'Toole G, Kaplan HB, Kolter R. (2000). Biofilm formation as microbial development. Annu. Rev. Microbiol, 54, 49-79.

6. Kolenbrander PE. (2000). Oral microbial communities: biofilms, interactions and genetic systems. Annu. Rev. Microbiol,
54, 413-437.

7. Grenier D, Mayrand D, McBride B. (1989). Further studies on the degradation of immunoglobulins by black-pigmented
bacteriodes. Oral Microbiol. Immunol, 4, 12-18.

8. Ganeshkumar N, Song M, McBride BC. (1988). Cloning of a Streptococcus sanguis adhesin which mediates binding to
saliva-coated hydroxyapatite. Infect. Immun, 56, 1150-1157.

9. Gibbons RJ, Hay DI, Schlesinger DH. (1991). Delineation of a segment of adsorbed salivary acidic proline-rich proteins

42| Page

which promotes adhesion of Streptococcus gordonii to apatitic surfaces. Infect. Immun, 59, 2948— 2954,

C



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Ali Forouzanfer. / American Journal of Pharmaceutical Sciences. 2015;1(1):39-44.

Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL. (1998). Microbial complexes in subgingival plaque. J. Clin.
Periodontol, 25, 134-144.

Holt SC, Kesavalu L, Walker S, Genco CA. (1999). Virulence factors of Porphyromonasgingivalis. Periodonto, 20, 168—
238.

Potempa J, Banbula A, Travis J. (2000). Role of bacterial proteinases in matrix destruction and modulation of host
responses. Periodontol, 24, 153-192.

Ellen R, Song M, McCullock C. (1994). Degradation of endogenous plasma membrane fibronect in concomitant with
Treponemadenticola 35405 adhesion to gingival fibroblasts. Infect. Immun, 62, 3033-3037.

Ishihara K, Okuda K. (1999). Molecular pathogenesis of the cell surface proteins and lipids from Treponemadenticola.
FEMS Microbiol. Lett, 181, 199-204.

Page RC, Schroeder HE. (1976). Pathogenesis of inflammatory periodontal disease. A summary of current work. Lab.
Invest, 34(3), 235-49.

Armitage GC. (2004). Periodontal diagnoses and classification of periodontal diseases. Periodontol, 34, 9-21.

Ammons WF, Schectman LR, Page RC. (1972). Host tissue response in chronic periodontal disease. The normal
periodontium and clinical manifestations of dental and periodontal disease in the marmoset. J. Periodont. Res, 7(2), 131-
43.

Haffajee AD, Socransky SS, Gunsolley JC. (2003). Systemic anti-infective periodontal therapy. A systematic review. Ann
Periodontol, 8(1), 115-81.

Albandar JMJ. (2012). Adjunctive antibiotics with nonsurgical periodontal therapy improve the clinical outcome of chronic
periodontitis in current smokers. Evid Based Dent Pract, 12(3), 63-6.

Rabelo CC, Feres M, Gongalves C, Figueiredo LC, Faveri M, Tu YK, Chambrone L. (2015). Systemic antibiotics in the
treatment of aggressive periodontitis. A systematic review and a Bayesian Network meta-analysis. J ClinPeriodontol,
42(7), 647-57.

Forouzanfar A, Arab HR, Shafaee H, Mokhtari MR, Golestani S. (2012). The effect of green tea mouthwash (Camellia
sinensis) on wound healing following periodontal crown lengthening surgery; a double blind randomized controlled trial.
Open Journal of Stomatology, 2, 369-72.

Forouzanfar A, Mokhtari M, Babayian M, Kamalinezhad M, TavakoliKakhki M, Lotfalizadeh M. (2015). Evaluation of
Toothpaste Containing Aqueous Saffron Extract on Gingival Indices in Patients with Marginal Generalized Plaque Induced
Gingivitis. Journal of Mashhad Dental School, 39(1), 81-88.

Arab H, Maroofian A, Golestani S, Shafaee H, Sohrabi K, Forouzanfar A. (2011). Review of the therapeutic effects of
Camellia sinensis (green tea) on oral and periodontal health. Journal of Medicinal Plants Research, 5(23), 5465-5469.
Fritoli A, Gongalves C, Faveri M, Figueiredo LC, Pérez-Chaparro PJ, Fermiano D, Feres M. (2015). The effect of systemic
antibiotics administered during the active phase of non-surgical periodontal therapy or after the healing phase: a systematic
review. J Appl Oral Sci, 23(3), 249-54.

Lourengo TG, Heller D, do Souto RM, Silva-Senem MX, Varela VM, Torres MC, Feres-Filho EJ, Colombo AP (2015).
Long-term evaluation of the antimicrobial susceptibility and microbial profile of subgingival biofilms in individuals with
aggressive periodontitis. Braz J Microbiol, 1, 46(2), 493-500.

Skurska A, Dolinska E, Pietruska M, Pietruski JK, Dymicka V, Kemona H, Arweiler NB, Milewsk R, Sculean A. (2015).
Effect of nonsurgical periodontal treatment in conjunction with either systemic administration of amoxicillin and
metronidazole or additional photodynamic therapy on the concentration of matrix metalloproteinases 8 and 9 in gingival
crevicular fluid in patients with aggressive periodontitis. BMC Oral Health, 26(15), 63.

Cifcibasi E, Kantarci A, Badur S, Issever H, Cintan S. (2015). Impact of metronidazole and amoxicillin combination on
matrix metalloproteinases-1 and tissue inhibitors of matrix metalloproteinases balance in generalized aggressive
periodontitis. Eur J Dent, 9(1), 53-9.

Campideli Fonseca D, Cortelli JR, Cortelli SC, Miranda Cota LO, Machado Costa LC, Moreira Castro MV, Oliveira
Azevedo AM, Costa FO. (2015). Clinical and Microbiological Evaluation of Scaling and Root Planing per Quadrant and
One-Stage Full Mouth Disinfection Associated With Azithromycin or Chlorhexidine: A Clinical Randomized Controlled
Trial. J Periodontol, 7, 1-16.

Nepokupnaia TS, Skripnikov PN. (2014). Clinical efficiency of short and long-term adjuvant therapy of
chronic_periodontal_disease with azithromycin. Stomatologiia, 93(6), 20-4.

Reeves BD, Young M, Grieco PA, Suci P. (2013). Aggregatibacteractinomycetemcomitans biofilm killing by a
targeted ciprofloxacin prodrug. Biofouling, 29(8), 1005-14.

Sobottka I, Wegscheider K, Balzer L, Boger RH, Hallier O, Giersdorf I, Streichert T, Haddad M, Platzer U, Cachovan G.
(2012). Microbiological analysis of a prospective, randomized, double-blind trial comparing moxifloxacin
and clindamycinin the treatment of odontogenic infiltrates and abscesses. Antimicrob Agents Chemother, 56(5), 2565-9.
Pejcic A, Kojovic D, Mini¢ I, Mirkovi¢ D, Deni¢ M, Stojanovi¢ M. (2015).Therapeutic efficacy of clindamycin gel as an
adjunct to scaling and root planing therapy in chronic periodontaldisease. ActaClin Croat, 54(1), 46-51.

43 |Page Q_)



33.

34.

35.

36.

37.

38.

Ali Forouzanfer. / American Journal of Pharmaceutical Sciences. 2015;1(1):39-44.

Bokor-Brati¢ M, Brkani¢ T. (2000). Clinical use of tetracyclines in the treatment ofperiodontal diseases. Med Pregl, 53(5-
6), 266-71.

Seymour RA, Heasman PA. (1995). Tetracyclines in the management of periodontal diseases. A review. J
ClinPeriodontol, 22(1), 22-35.

Rifkin BR, Vernillo AT, Golub LM. (1993). Blocking periodontal disease progression by inhibiting tissue-destructive
enzymes: a potential therapeutic role for tetracyclines and their chemically-modified analogs. J Periodontol, 64(8), 819-27.
Berglundh T, Krok L, Liljenberg B, Westfelt E, Serino G, Lindhe J. (1998). The use of metronidazole and amoxicillin in
the treatment of advanced periodontal disease. A prospective, controlled clinical trial. J ClinPeriodontol, 25(5), 354-62.
Mombelli A, Almaghlouth A, Cionca N, Courvoisier DS, Giannopoulou C. (1998). Differential benefits of amoxicillin-
metronidazole in different phases of periodontal therapy in a randomized controlled crossover clinical trial. J
ClinPeriodontol, 25(5), 354-62.

Loesche WJ, Schmidt E, Smith BA, Morrison EC, Caffesse R, Hujoel PP. (1991). Effects of metronidazole
on periodontal treatment needs. J Periodontol, 62(4), 247-57.

44| Page Q_)



