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ABSTRACT

Background: This study compared the effect of adjunctive low dose doxycycline and licorice on
gingival crevicular fluid (GCF) matrix metalloproteinase-8 (MMP-8) levels in patients with chronic
periodontitis.

Materials and Methods: In this in vivo, experimental study 39 patients with mild to moderate
chronic periodontitis were selected. Samples of GCF were collected from three deepest pockets
and MMP-8 concentration was measured. Patients were divided into three groups (n = |3). Groups
were treated with doxycycline, licorice and placebo. Sampling and measurement of MMP-8 was
repeated after 6 weeks. Data was analyzed by t-paired and ANOVA test.P < 0.00] was considered
significant.

Results: The decrease in mean of MMP-8 concentration was higher in doxycycline and licorice group
in comparison with the placebo group and the difference was statistically significant (P value <0.001).
The decrease in mean of MMP-8 concentration was higher in licorice group than doxycycline group,
but the difference was not statistically significant.

Conclusion: The present study showed that licorice extract can prevent the production of MMPs
by host cells and can be as useful as antibiotics like doxycycline to cure periodontal and other
inflammatory diseases. |t must be added that no side-effects were observed in usage of licorice extract.

Key Words: Chronic periodontitis, doxycycline, gingival crevicular fluid, licorice, matrix
metalloproteinase enzymes-8

INTRODUCTION

There are two major etiological factors involved in the
pathogenesis of periodontitis. The first is the microbial
component!~* and the second factor is the host response
to periodontopathogens, notably the over production by
resident and immune cells of inflammatory mediators
and matrix metalloproteinases (MMPs), which can
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modulate the progression and severity of periodontitis.!"
MMP enzymes are a family of neutral proteases that are
Zinc/Calcium-dependent with an essential role in the
extracellular matrix (ECM) turnover and degradation.
MMPs are capable of degrading virtually all components
of ECM and increased levels have been associated
with periodontal disease in both humans®®! and animal
models.”!”! The relevance of MMPs to the pathogenesis
of periodontal disease is supported by the decrease in
bone loss associated with their nonselective inhibition
in animal models of the periodontal disease!'"'? and
especially by the improved clinical results observed
after periodontal treatment associated with systemic
inhibition of MMPs by a sub-antimicrobial dose of
doxycycline.'*'®" The concentration of MMPs and
their activity is significantly higher in gingival tissue
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and gingival crevicular fluid (GCF) of patients with
periodontal diseases compared to ones with healthy
periodontium and there is a strong relation between high
amounts of MMP-8 concentration in gingival tissues
and probing pocket depth, clinical attachment loss and
bleeding on probing.'”¥ Longitudinal studies have
shown a reduction in amount and activity of MMP-§ in
GCF after successful periodontal treatment.!'”!

The treatment for periodontitis is aimed at removing
dental plaque and calculus and surgical methods.!?*2!
The administration of local and systemic antibiotics,
anti-inflammatory drugs, or sub-anti-microbial low dose
doxycycline has been reported to provide additional
benefits.['>?2] Sub-antimicrobial-dose doxycycline is a
20-mg dose of doxycycline (Periostat) that is Food and
Drug Administration (FDA) approved and indicated
as an adjunct to scaling and root planning (SRP) in
the treatment of chronic periodontitis. The 20-mg
dose exerts its therapeutic effect by enzyme, cytokine
and osteoclast inhibition rather than by any antibiotic
effect. Research studies have found no detectable
antimicrobial effect on the oral flora or the bacterial
flora in other regions of the body and have identified
clinical benefit when used as an adjunct to SRP.I*

Licorice root (radix Glycyrrhizae) is obtained from
perennial plant native to Mediterranean countries,
central to Southern Russia and certain regions of Asia.!

Evidence for a therapeutic application of licorice in
oral disease has been reported. Bodet et al. showed
that human macrophages pretreated with a licorice
extract prior to being stimulated with Aggregatibacter
actinomycetemcomitan or Porphyromonas gingivalis
lipopolysaccharide (LPS) secrete significantly less
pro-inflammatory cytokines, indicating that the extract
has an anti-inflammatory property.!**

Since there was no available research, the aim of
present study was to compare the therapeutic effect of
licorice and doxycycline in periodontitis.

MATERIALS AND METHODS

This experimental study, which is registered in
Iranian Registry of Clinical Trials under number
IRCT2012121611771N1, was performed on 39 patients
with chronic mild to moderate periodontitis. Patients
were diagnosed by a periodontist according to clinical
examination, radiographic evaluation and their medical
and dental history. Patients with any cardiac, renal or
infectious systemic diseases did not enter the research.

None of the patients either used anti-inflammatory or
antibiotic drugs during the last 6 months. None of the
patients had undergone scaling and root planning or
periodontal surgeries in the last 6 months. Smokers,
alcoholics, pregnant, breast feeder patients, patients
allergic to antibiotics, patients with poor oral hygiene
or patients with poor compliance and patients whom
used any herbal drugs with effect on MMP within the
last year were excluded from the research.

Patients were asked to wash their mouths. After drying
the site and proper isolation, sampling was performed
from three deepest pockets (two posterior and one
anterior). A #25 paper point was placed in the gingival
sulcus of each selected pocket and was removed after
4 min and was reserved in a test tube full of Normal
Saline as a medium. Test tubes were kept in an especial
box filled with dried ice with <20°C temperature
and carried to the laboratory. Patients were educated
about oral hygiene and scaling and root planning
were performed after that. Patients were accidentally
divided into three groups (n = 13). Group A were given
20 mg capsules of doxycycline daily, Group B were
given 400 mg tablets, containing 380 mg of Licorice
and 8-12 mg Glandenic acid daily and group C were
served as control and were given placebo tablets. A
clinician, completely unaware of group divisions, did
the sampling and clinical examination after 6 weeks
exactly like the first time. The MMP-8 concentration
was measured in the laboratory by means of an especial
diagnostic kit (R and D Systems, USA). Samples were
coded and entered laboratory process.

All reagents, working standards and samples were
prepared as described above due to manufacturer
guidelines

Rcagcnt prcparati()n

*  Wash buffer: Is consisted of 2 vials of a 25-fold
concentrated solution of buffered surfactant with
preservatives. To dilute Wash buffer, 20 mL of it was
added to deionized distilled water to prepare 500 mL
of wash buffer.

» Substrate solution: It is consisted of substrates 1 and
2 available in the MMPS kit. They were mixed
together in equal volumes 2-30 min prior to use and
protected from the light by aluminum foil. 50 uL of
the resultant mixture was used per well.

» Standard: It is consisted of Standard Cocktail with
Calibrator Diluent RD5-37. The standard was allowed
to sit for 15 min with gentle agitation prior to making
dilutions.

- Dental Research Journal / September 2013 / Vol 10 / Issue 5




Farhad, et al.: Doxycycline and licorice effect on gingival crevicular fluid matrix metalloproteinase-8 enzymes

1. 50 uL of assay diluent RD2-1 was added to each well.

2. 50 uL of sample was added per well and the wells were
covered securely with a plate sealer and incubated
for 3 h at room temperature on a horizontal orbital
microplate shaker (0.12” orbit) set at 500 + 50 rpm.
A plate layout was provided as a record of standards
and samples assayed.

3. Each well was aspirated and washed repeatedly with
400 uL of wash buffer for a total of four washes. At
each step the liquid was removed completely for a
good performance. After the last wash, any remaining
wash buffer was aspirated. The plate was inverted and
blotted against clean paper towels.

4. 50 uL of'the detection mix was added to all wells and

securely covered with a plate sealer and the plate was

incubated for 1 h at room temperature on the shaker
set at 500 + 50 rpm.

The washing step described in step 3 was repeated.

6. 50 uL of streptavidin-horseradish peroxidase was
added to all wells and the plate was securely covered
with a plate sealer and incubated for 30 min at room
temperature on a shaker set at 500 + 50 rpm.

7. The washing step described in step 3 was repeated.

50 uL of substrate solution was added to each well.

9. All samples were analyzed with Microplate Reader
STAT FAX 2100 (Awareness Technology, Inc. New
York, USA) at 540 nm wave length.

9,

*

To compare the mean of MMP-8 concentration before
and after treatment #-paired test was used. A one-way
ANOVA was used to compare the mean of change
of MMP-8 among three groups. P < 0.001 was
considered as significant.

RESULTS

The t-paired test showed no statistical significant
difference in the mean of MMP-8 in GCF after
interference in Placebo group, but a statistical
significant decrease was observed in the mean of
MMP-8 in both groups, which were given either
licorice or doxycycline capsules (P value < 0.001)
[Figures 1 and 2].

According to Figure 1 and 2 the decrease in the
mean of MMP-8 in GCF in licorice group was more
than doxycycline group, but this difference was not
significant statistically.

The one-way ANOVA test showed no statistically
significant difference in the mean of MMP-8 in GCF
before interference in the three groups (P value = 0.406),

Placebo Doxyxyline Licorice

M Befpre intervention M After intervention

Figure 1: The mean of matrix metalloproteinase-8 in gingival
crevicular fluid before and after interference

Before intervention Afterintervention
Drug P-Value
Mean SD Mean SD
Licorice 17.31 2.3 13.5 2.8 <0.001
Doxycycline 16.69 1.6 13.6 2.5 <0.001
Placebo 16.22 2.6 16.35 2 0.796
P-Value 0.406 0.002

Figure 2: The mean of matrix metalloproteinase-8 in gingival
crevicular fluid before and after interference

but after interference, the mean of MMP-8 in GCF of
licorice group and doxycylcine group was lower than
the placebo group and this difference was statistically
significant (P value = 0.002). It was also shown that the
decrease in the mean of MMP-8 in GCF in the groups
treated with licorice and doxycyline was more than
the placebo group and this difference was statistically
significant (P value < 0.001). However, there was no
statistically significant difference between licorice and
doxycycline groups (P value = 0.46)

DISCUSSION

Licorice is obtained from the unpeeled, dried roots
and stolons of two different plants: Glycyrrhiza
glabra and Glycyrrhiza uralensis. Both plants were
well-studied and contain different metabolites. Due
to United States FDA (21 Code of Federal Regulation
[CFR] 184.1408; 310.528; 310.644; 310.545), licorice
and its constituents are recognized as safe materials to
be used in foods and as over-the-counter drugs.!*

Periodontal diseases including periodontitis and
gingivitis are chronic infections with two major
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etiological factors including by gram-negative
anaerobic bacteria and the interaction of these bacteria
with host immune system. The most putative pathogens
associated by periodontal diseases are P gingivalis,
Tannerella forsythia and Treponema denticola for
chronic forms of periodontitis and Aggregatibacter
actinomycetemcomitans in aggressive forms.!!

In vitro studies have shown that licorice and its
bioactive ingredients may have potential to be used
as phytochemical drugs and can be used as a natural
modality to cure periodontal disease.! It has been
shown that licorice can affect both etiologic factors
in periodontal diseases. An in vitro study had shown
that G. uralensis can inhibit the growth and biofilm
formation of P. ginigivalis.'l Licorice can also affect
the host inflammatory responses. Bodet er al.*!
found that pre-treatment of human macrophages
with licorice extract before stimulating them with
A. actinomycetomcomitans or P gingivalis LPS
decreases the secretion of pro-inflammatory cytokines
(interleukin [IL]-1B, IL-6, IL-8 and tumor necrosis
factor-o), which shows the anti-inflammatory effect
of licorice on immunologic system.

Sasaki et al.* showed in an in vitro study that
18B-glycyrrhetinic acid (a metabolite of licorice)
can suppress the LPS and receptor activator of
nuclear factor kappa-B ligand (RANKL) induced
phosphorylation of Nuclear Factor Kappa B (NF-KB)
P105 and showed that licorice can modulate host
immune system response.

La et al.*® showed the inhibitory effect of licorice on
production of MMP-7, 8, 9 and IL-6, 8 and declared
that licorice extract can reduce the concentration
of these inflammatory factors due to reduction in
activity of NF-KB-P65 and its effect on inhibition
of producing cytokines and MMPs. These findings
were confirmed by the earlier researches showing that
licorice extracts have anti-inflammatory properties by
inhibiting NF-KB P65 from phosphorylation.l?8!

The resorption of alveolar bone is a typical sign
of periodontal diseases, which happens by the
recruitment, differentiation and activation of
osteoclasts. They attach to the bone surface and cause
mineral dissolution of bone. Osteoclast-derived MMPs
can degrade demineralized organic matrix of bone. A
recent study had shown that isoflavonoid glabridin
(a metabolite of licorice) can inhibit the differentiation
of human osteoclast precursors into mature osteoclasts
by inhibiting the RANKL-dependent differentiation

pathway. An in vitro study also confirmed that
glabridin is able to reduce bone degradation induced
by mature osteoclasts.!! Choi et al.*' had earlier
reported about the direct stimulatory effect of
glabridin on bone formation by enhancement of
osteoblasts proliferation.

Emingil et alB” in 2004 found out usage of low
doses of doxycycline can reduce the amount of MMP-
8 in GCF of periodontal patients. In another study
Sorsa et alBY declared that therapeutic dosage of
doxycycline can reduce the activity and amount of
MMP-8 in ginigva, GCF and saliva of periodontal
patients. Ashley B2 found out usage of 20 mg of
doxycycline once or twice/day after phase one of
periodontal treatment can reduce anti-collagenase
activity and usage of the drug twice/day can even lead
to more reduction in anti-collagenase activity. The
same results were found in different researches.**-3¢

Gorska and Nedzi-Goral®” declared usage of 20 mg
doxycycline twice/day for 3 months, can result in
enhancement of clinical parameters like probing
pocket depth, bleeding index in patients with severe
periodontitis in comparison with routine periodontal
treatment, but has no effect on concentration of
MMP-8 in saliva. It must be added that scaling and
root planning can reduce the concentration of MMP-8
due to reduction in the amount of bacteria responsible
for migration of inflammatory cells and stimulation
of MMP-8 secretion, the reduction in the amount of
bacteria may reduce the inflammatory response of
periodontal tissue after hygiene control, but the host
response may not return to the normal status.l*”

Lee et al.®® showed that the inhibitory action of
MMP inhibitors can be enhanced by the addition of
non-steroidal anti-inflammatory drugs in treatment
of periodontal patients. This fact shows that treatment
strategies that aim on preventing the periodontal
apparatus from breakdown can be successful treatment
modalities.*!

The present study had shown that the decrease in the
mean of MMP-8 in GCF in the groups treated with
licorice and doxycyline was more than the placebo group
and this difference was statistically significant, but there
was no statistically significant differences found between
licorice and doxycycline groups. This means the licorice
extract can be useful in treating periodontal diseases due
to its MMP-§ inhibitory property.

Some limitations of this study were the incompliance
of patients during the study, since the time of drug
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usage was long and some patients said they forgot
to take some dosages of their drugs. According to
previous in vitro and in vivo studies on therapeutic
effects of licorice and the results of the present study, it
seems legitimate to say that licorice extract is a herbal
drug which doesn’t have the side-effects of a chemical
drug, so it seems reasonable to use it as an addition
or a replacement to the chemical drugs used to treat
periodontal diseases.

CONCLUSION

The present study showed that licorice extract can
prevent the production of MMPs by host cells and
can be as useful as antibiotics like doxycycline to
treat periodontal and other inflammatory diseases and
it must be added that no side-effects were observed in
usage of licorice extract.

REFERENCES

1. Messier C, Epifano F, Genovese S, Grenier D. Licorice and its
potential beneficial effects in common oro-dental diseases. Oral
Dis 2012;18:32-9.

2. O’Brien-Simpson NM, Veith PD, Dashper SG, Reynolds EC.
Antigens of bacteria associated with periodontitis. Periodontol
2000 2004;35:101-34.

3. Feng Z, Weinberg A. Role of bacteria in health and disease of
periodontal tissues. Periodontol 2000 2006;40:50-76.

4. Garlet GP. Destructive and protective roles of cytokines in
periodontitis: A re-appraisal from host defense and tissue
destruction viewpoints. J Dent Res 2010;89:1349-63.

5. Correa FO, Gongalves D, Figueredo CM, Gustafsson A,
Orrico SR. The short-term effectiveness of non-surgical treatment
in reducing levels of interleukin-1beta and proteases in gingival
crevicular fluid from patients with type 2 diabetes mellitus and
chronic periodontitis. J Periodontol 2008;79:2143-50.

6. Ejeil AL, Igondjo-Tchen S, Ghomrasseni S, Pellat B, Godeau G,
Gogly B. Expression of matrix metalloproteinases (MMPs) and
tissue inhibitors of metalloproteinases (TIMPs) in healthy and
diseased human gingiva. J Periodontol 2003;74:188-95.

7.  Figueredo CM, Areas A, Miranda LA, Fischer RG, Gustafsson A.
The short-term effectiveness of non-surgical treatment in reducing
protease activity in gingival crevicular fluid from chronic
periodontitis patients. J Clin Periodontol 2004;31:615-9.

8. Doherty DE, Zagarella L, Henson PM, Worthen GS.
Lipopolysaccharide stimulates monocyte adherence by effects
on both the monocyte and the endothelial cell. J Immunol
1989;143:3673-9.

9. deAquino SG, Guimaraes MR, Stach-Machado DR, da Silva JA,
Spolidorio LC, Rossa C Jr. Differential regulation of MMP-13
expression in two models of experimentally induced periodontal
disease in rats. Arch Oral Biol 2009;54:609-17.

10. Garlet GP, Cardoso CR, Silva TA, Ferreira BR, Avila-Campos MJ,
Cunha FQ, et al. Cytokine pattern determines the progression

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

of experimental periodontal disease induced by Actinobacillus
actinomycetemcomitans through the modulation of MMPs,
RANKL, and their physiological inhibitors. Oral Microbiol
Immunol 2006;21:12-20.

Ramamurthy NS, Rifkin BR, Greenwald RA, Xu JW, Liu Y,
Turner G, et al. Inhibition of matrix metalloproteinase-mediated
periodontal bone loss in rats: A comparison of 6 chemically
modified tetracyclines. J Periodontol 2002;73:726-34.
Ramseier CA, Kinney JS, Herr AE, Braun T, Sugai JV,
Shelburne CA, et al. Identification of pathogen and host-response
markers correlated with periodontal disease. J Periodontol
2009;80:436-46.

. Gapski R, Hasturk H, Van Dyke TE, Oringer RJ, Wang S,

Braun TM, et al. Systemic MMP inhibition for periodontal
wound repair: Results of a multi-centre randomized-controlled
clinical trial. J Clin Periodontol 2009;36:149-56.

Golub LM, McNamara TF, Ryan ME, Kohut B, Blieden T,
Payonk G, et al. Adjunctive treatment with subantimicrobial
doses of doxycycline: Effects on gingival fluid collagenase
activity and attachment loss in adult periodontitis. J Clin
Periodontol 2001;28:146-56.

Preshaw PM, Hefti AF, Novak MJ, Michalowicz BS,
Pihlstrom BL, Schoor R, ef al. Subantimicrobial dose
doxycycline enhances the efficacy of scaling and root planing
in chronic periodontitis: A multicenter trial. J Periodontol
2004;75:1068-76.

Preshaw PM, Novak MJ, Mellonig J, Magnusson I, Polson A,
Giannobile WYV, et al. Modified-release subantimicrobial dose
doxycycline enhances scaling and root planing in subjects with
periodontal disease. J Periodontol 2008;79:440-52.

Soell M, Elkaim R, Tenenbaum H. Cathepsin C, matrix
metalloproteinases, and their tissue inhibitors in gingiva and
gingival crevicular fluid from periodontitis-affected patients.
J Dent Res 2002;81:174-8.

Rai B, Kharb S, Jain R, Anand SC. Biomarkers of periodontitis
in oral fluids. J Oral Sci 2008;50:53-6.

Lee W, Aitken S, Sodek J, McCulloch CA. Evidence of a
direct relationship between neutrophil collagenase activity and
periodontal tissue destruction in vivo: Role of active enzyme in
human periodontitis. J Periodontal Res 1995;30:23-3.

Cobb CM. Clinical significance of non-surgical periodontal
therapy: An evidence-based perspective of scaling and root
planing. J Clin Periodontol 2002;29 Suppl 2:6-16.

Suvan JE. Effectiveness of mechanical nonsurgical pocket
therapy. Periodontol 2000 2005;37:48-71.

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

Bodet C, La VD, Gafner S, Bergeron C, Grenier D. A licorice
extract reduces lipopolysaccharide-induced proinflammatory
cytokine secretion by macrophages and whole blood. J Periodontol
2008;79:1752-61.

Isbrucker RA, Burdock GA. Risk and safety assessment on the
consumption of Licorice root (Glycyrrhiza sp.), its extract and
powder as a food ingredient, with emphasis on the pharmacology
and toxicology of glycyrrhizin. Regul Toxicol Pharmacol
2006;46:167-92.

Dental Research Journal / September 2013 / Vol 10 / Issue 5 NN




25.

26.

217.

28.

29.

30.

31.

32.

33.

- Dental Research Journal / September 2013 / Vol 10 / Issue 5

Farhad, et al.: Doxycycline and licorice effect on gingival crevicular fluid matrix metalloproteinase-8 enzymes

Sasaki H, Suzuki N, Alshwaimi E, Xu Y, Battaglino R,
Morse L, et al. 18B-glycyrrhetinic acid inhibits periodontitis
via glucocorticoid-independent nuclear factor-kB inactivation in
interleukin-10-deficient mice. J Periodontal Res 2010;45:757-63.
La VD, Tanabe S, Bergeron C, Gafner S, Grenier D. Modulation
of matrix metalloproteinase and cytokine production by licorice
isolates licoricidin and licorisoflavan A: Potential therapeutic
approach for periodontitis. J Periodontol 2011;82:122-8.
Furusawa J, Funakoshi-Tago M, Mashino T, Tago K,
Inoue H, Sonoda'y, et al. Glycyrrhiza inflata-derived chalcones,
Licochalcone A, Licochalcone B and Licochalcone D, inhibit
phosphorylation of NF-kappaB p65 in LPS signaling pathway.
Int Immunopharmacol 2009;9:499-507.

Furusawa J, Funakoshi-Tago M, Tago K, Mashino T, Inoue H,
Sonoda Y, et al. Licochalcone A significantly suppresses LPS
signaling pathway through the inhibition of NF-kappaB p65
phosphorylation at serine 276. Cell Signal 2009;21:778-85.
Choi EM. The licorice root derived isoflavan glabridin increases
the function of osteoblastic MC3T3-E1 cells. Biochem
Pharmacol 2005;70:363-8.

Emingil G, Atilla G, Sorsa T, Luoto H, Kirilmaz L, Baylas H.
The effect of adjunctive low-dose doxycycline therapy on clinical
parameters and gingival crevicular fluid matrix metalloproteinase-8
levels in chronic periodontitis. J Periodontol 2004;75:106-15.
Sorsa T, Ding Y, Salo T, Lauhio A, Teronen O, Ingman T, et al.
Effects of tetracyclines on neutrophil, gingival, and salivary
collagenases. A functional and western-blot assessment with
special reference to their cellular sources in periodontal diseases.
Ann N Y Acad Sci 1994;732:112-31.

Ashley RA. Clinical trials of a matrix metalloproteinase inhibitor
in human periodontal disease. SDD Clinical Research Team. Ann
N Y Acad Sci 1999;878:335-46.

Golub LM, Lee HM, Greenwald RA, Ryan ME, Sorsa T, Salo T,

34.

35.

36.

37.

38.

et al. A matrix metalloproteinase inhibitor reduces bone-type
collagen degradation fragments and specific collagenases in
gingival crevicular fluid during adult periodontitis. Inflamm Res
1997;46:310-9.

Caton JG, Ciancio SG, Blieden TM, Bradshaw M, Crout RJ,
Hefti AF, et al. Subantimicrobial dose doxycycline as an adjunct
to scaling and root planing: Post-treatment effects. J Clin
Periodontol 2001;28:782-9.

Crout RJ, Lee HM, Schroeder K, Crout H, Ramamurthy NS,
Wiener M, et al. The “cyclic” regimen of low-dose doxycycline
for adult periodontitis: A preliminary study. J Periodontol
1996;67:506-14.

Golub LM, Ciancio S, Ramamamurthy NS, Leung M,
McNamara TF. Low-dose doxycycline therapy: Effect on
gingival and crevicular fluid collagenase activity in humans.
J Periodontal Res 1990;25:321-30.

Gorska R, Nedzi-Gora M. The effects of the initial treatment
phase and of adjunctive low-dose doxycycline therapy on clinical
parameters and MMP-8, MMP-9, and TIMP-1 levels in the saliva
and peripheral blood of patients with chronic periodontitis. Arch
Immunol Ther Exp (Warsz) 2006;54:419-26.

Lee HM, Ciancio SG, Tiiter G, Ryan ME, Komaroff E,
Golub LM. Subantimicrobial dose doxycycline efficacy as
a matrix metalloproteinase inhibitor in chronic periodontitis
patients is enhanced when combined with a non-steroidal anti-
inflammatory drug. J Periodontol 2004;75:453-63.

How to cite this article: Farhad SZ, Aminzadeh A, Mafi M, Barekatain M,
Naghney M, Ghafari MR. The effect of adjunctive low-dose doxycycline
and licorice therapy on gingival crevicular fluid matrix metalloproteinase-8
levels in chronic periodontitis. Dent Res J 2013;10:624-9.

Source of Support: Nil. Conflict of Interest: None declared.




Copyright of Dental Research Journal is the property of Medknow Publications & Media Pvt.
Ltd. and its content may not be copied or emailed to multiple sites or posted to alistserv
without the copyright holder's express written permission. However, users may print,
download, or email articles for individua use.



