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Abstract 
 

The study showed the differences between doxycycline and tetracycline as regards 
the sensitivity of bacterial species from patients with periodontal disease and observed the 
clinical evolution of periodontal status after administration of doxycycline. Microbiological 
samples were collected by means of sterile paper points from pockets with the highest depth 
and purulent secretion. Bacterial sensitivity to both antibiotics was tested by bacterial 
culture media followed by bacterial identification with biochemical tests (Rapid ID 32 A – 
bioMerieux, France).  Doxycycline (100 mg/ day, 7 days) was administered to those 
subjects whose microbiological tests proved the highest sensitivity to it. The evolution of 
periodontal indices before and after the treatment with doxycycline associated with scaling 
and root planning was observed. From the 10 bacterial genera isolated and identified, 
Prevotella and Porphyromonas were dominant. In vitro bacteria showed 100% sensitivity 
to the antibiotics under study except for Peptostreptococcus spp., Fusobacterium spp. and 
Prevotella spp. The treatment with doxycycline resulted in significant clinical improvement 
for periodontal parameters (p< 0.001). Associating doxycycline  to subgingival curretage 
resulted into a significant decrease of periodontal indices. 

 
Keywords: periodontal disease, doxycycline, tetracycline, periodontal bacterial species, 
periodontal treatment. 
 
Introduction 
 

Tetracycline is the most used antibiotics in periodontal treatment, especially in 
refractory and juvenile periodontal disease, due to its capacity to concentrate in gingival 
crevicular fluid being 2-10 times higher than in blood even after one single dose of 250 mg 
(J.M. GORDON & al. [1]) and to its effectiveness against Aggregatibacter 
actinomycetemcomitans. Studies have shown that tetracycline is active against most 
periodontal pathogens even at a low concentration in gingival fluid (2-4 μg/ml) (P.J. BAKER 
& al. [2]). 

Tetracyclines have a greater bacteriostatic action on Gram-positive bacteria than on 
Gram-negative bacteria (R.A. SEYMOUR & al. [3]), on spirochetes (G.V. KULKARNI & al. 
[4]) and many various anaerobes and facultative aerobes bacteria. Minocycline markedly 
reduced the viability of a number of periodontal pathogens but had little effect on the viability 
of Veillonello parvula and Fusobacterium nucleatum (B.C. O’CONNOR & al. [5]). Some 
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species of Aggregatibacter actinomycetemcomitans and Eikenella corrodens are tetracycline-
resistant (H.T. DUMITRIU [6]). Gram-positive bacteria, which include Actinomyces israelii, 
A. naeslundii, A. viscosus, Streptococcus mutans and S. salivarius, are susceptible to 
tetracycline (P.J. BAKER & al. [2], C.B. WALKER & al. [7]). Gram-positive oral strepococci 
exhibits tetracyclines resistance (B.L. WILLIAMS & al. [8]). Tetracyclines are also effective 
against Mycoplasma, Chlamydia, Rickettsia, Legionella and a few viruses (M.A. WEINBERG 
& al. [9]). 

Tetracycline passes through the membrane of the bacterial cell by a process of passive 
diffusion at the level of external membrane pores combined with active transfer by means of 
the energy pumps within the internal membrane. Within the cell, tetracyclines act by 
inhibiting ribosomal protein synthesis (R.A. SEYMOUR & al.[10]). Doxycycline binds the 
ribosome to prevent ribonucleic acid synthesis by avoiding addition of more amino acid to 
polypeptide (A.Y. GAMAL & al. [11], C.B. WALKER & al. [12]). 

Doxycycline has the advantage  of one dose per day at  lower dosages, it has a 
prolonged serum half-life, its gastrointestinal absorption is not inhibited by food or dairy 
products (D. PASCALE & al. [13]), it has less gastrointestinal side-effects than tetracycline 
D. PASCALE & al. [13]) and a highly inhibiting action on matrix metalloproteinases (MMP) 
(R.A. SEYMOUR & al.[10]). Doxycycline has been found to be more effective in blocking 
PMN – type collagenase activity (MMP-8) than fibroblast–type collagenase activity (MMP-1) 
and to decrease connective tissue breakdown by downregulating the expression of pro-
inflammatory mediators and cytokines (P.M. PRESHAW & al. [14]). Also, Doxycycline 
achieves much higher levels in the gingival fluid than in blood and yield comparable gingival 
fluid levels to those achieved by tetracycline hydrochloride (P.D. GORDON & al. [15]). After 
48 h, both achieved relatively stable gingival fluid levels (P.D. GORDON & al. [15]). 

Doxycycline exhibits a high degree of substantivity by binding to the periodontally 
diseased root cementum and dentin, acting as a reservoir while slowly releasing the antibiotic in 
a biologically active form above the minimum inhibitory concentration (MIC) level, into the 
adjacent environment for several days after its topical application, thereby prolonging its 
therapeutic effects (A.Y. GAMAL & al. [11]). 

However, it has been observed that doxycycline administration in conventional 
therapeutic doses does not significantly reduce periodontal bacteria, such as Tannerella 
forsythensis, Porphyromonas gingivalis, Treponema  denticola and  Aggregatibacter  
actinomycetemcomitans (M. FERES & al. [16], [17]). 
 
Material and methods 
 

30 subjects were selected for this study. All patients, male and female, were more than 
21 years of age, had at least 26 natural teeth, and were in good general health. Patients had at 
least four teeth with probing pocket deph (PPD) ≥ 6 mm, purulent secretion, bleeding on 
probing, vertical alveolar resorption on the radiographic exam, tooth mobility less than II 
degree. 

Patients were excluded if they were pregnant or nursing, had any known allergy to 
antimicrobial agents or any systemic condition that could affect the progression and treatment 
of periodontal diseases, had any systemic condition that required antibiotic coverage during 
periodontal therapy, reported local and/or systemic antibiotic therapy or antiseptic (mouth rinses 
or supra-gingival or sub-gingival irrigation) within the 3 month before the baseline examination 
of the study.  

One monitoring visit before taking the microbiological sample the patients have 
received supra-gingival scaling to facilitate the sterile paper point insertion and to avoid its 
contamination.  
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The microbiological samples were taken strictly from the deepest periodontal pocket 
with or without purulent secretion using sterile paper cones (ISO 0.20) which rested in the 
pocket for 10 -15 seconds and were then placed into individual tubes with 0.5 Ringer solution 
and then Wortex mixed. The samples were plated using a 10 μl loop on Schaedler with 5% 
blood and on Schaedler with blood and Vancomycine to inhibit Gram-positive bacteria (the 
disadvantage is that it inhibits Porphyromonas growth). The plates with Schaedler were 
incubated in anaerobic conditions in Genbox boxes at 37 0C for 5 days and then the bacterial 
colonies grown in each type of medium were compared. Smears were made and we isolated the 
Gram- negative strains which were identified and tested for antibiotic sensitivity. Identification 
of anaerobic bacterial species was made with ID 32 rapid kits with reading after 4 hours on 
APILAB soft and with API ZYM system. Disk diffusion antibiogram was made in anaerobic 
conditions with Becton Dickinson micro-tablets. The results were interpreted by NCCLS 2001 
recommendation M11-A4 [18]. 

Depending on the results of the microbiological exam and of the antibiogram 10 patients 
were selected (aged between 21 and 55, average age 40, 6 females and 4 males). They received 
systemic administration of doxycycline at a unique (dose) dosage of 100 mg per day for 7 days. 
Besides the antibiotic treatment the patients got scaling and sub-gingival curettage of pockets 
≥4 mm. The exam of the periodontal status was achieved with plaque index (PI), calculus index 
(CI), bleeding on probing index (BOP), probing pocket depth index (PPD) (a WHO probe was 
used), clinical attachment level (CAL) and gingival recesus index (RI), determined at baseline 
and at 4 weeks after treatment. All clinical exams were performed by only one trainer. 

To be enrolled, all patients were individually informed about the nature of the proposed 
treatment and investigation and signed an ethics agreement. The study took place from 
December 2004 to April 2006. 
 
Results 
 

All samples were positive for anaerobic flora with a majority of Gram-negative species. 
66 bacterial strains were isolated: 2-3 strains/sample, in two cases even 4 strains/ sample. 60 
bacterial species were identified (90.9%), 6 strains (9.09%) being unidentifiable. The isolated 
anaerobic species were: 46 strains of Gram-negative rods (69.7%), 6 strain of Gram-positive 
rods (9.09%), 8 strains Gram-positive cocci (12.12%) and 6 strains were unidentified (9.09%). 

There are 10 identified genera: Prevotella spp., Porphyromonas spp., Fusobacterium 
spp., Bacteroides spp., Capnocytophaga spp., Peptostreptoccocus spp., Peptococcus spp., 
Eubacterium spp., Actinomyces spp. şi Clostridium spp. The 46 Gram-negative rod strains were: 
18 (39.18%) Prevotella spp., 13 (28.26%) Porphyromonas spp., 8 (17.39%) Fusobacterium 
spp., 5 (10.86%) Bacteroides spp. and 2 (4.34%) Capnocytophaga spp. The Gram-positive rod 
species were Eubacterium spp., Actinomyces spp. and Clostridium spp. and the Gram-positive 
cocci species were Peptostreptococcus spp. and Peptococcus spp. Table 1 shows the 
distribution of the bacterial species identified in the 66 isolated bacterial strains. 
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Table 1. Identified anaerobic bacterial species 
 

 
Genus 

No. 
(% of identified 

species) 
(% of isolated 

species) 

 
Species 

 
No. 
of 

strains 

 
% per 

species 

 
% of 

identified 
species 

 
% of 

isolated 
species 

Prevotella 18 (30) (27.27) P. intermedia 5 27.77 8.33 7.57 
P. oralis 3 16.66 5 4.54 
P. loeschei 2 11.11 3.33 3.03 
P. denticola 1 5.55 1.66 1.51 
P. buccae 1 5.55 1.66 1.51 
P. spp. 6 33.33 10 9.09 

Porphyromonas 13 (21.66) (19.69) P. endodontalis 4 30.76 6.66 6.06 
P. gingivalis 1 7.69 1.66 1.51 
P. asaharolytica 1 7.69 1.66 1.51 
P. spp. 7 53.84 11.6 10.6 

Fusobacterium 8 (13.33) (12.12) F. nucleatum 4 50 6.66 6.06 
F. necrophorum 3 37.5 5 4.54 
F. spp. 1 12.5 1.66 1.51 

Eubacterium 4 (6.66) (6.06) E. lentum 3 75 5 4.54 
E. spp. 1 25 1.66 1.51 

Peptostreptococcus 7 (11.66) (10.6) P. magnus 1 14.28 1.66 1.51 
P. asaharolyticus 2 28.57 3.33 3.03 
P. spp. 4 57.14 6.66 6.06 

Bacteroides 5 (8.33) (7.57) B. capylosus 3 60 5 4.54 
B. spp. 2 40 3.33 3.03 

Capnocytophaga 2 (3.33) (3.03) C. spp. 2 100 3.33 3.03 
Actinomyces 1 (1.66) (1.51) A. spp. 1 100 1.66 1.51 
Peptococcus 1 (1.66) (1.51) P. niger 1 100 1.66 1.51 
Clostridium 1(1.66) (1.51) C. perphryngens 1 100 1.66 1.51 
Total     60 (100) (90.90) 24 60 100 100 90.90 

The antibiogram was made by the diffusion method in anaerobic conditions as 
described at Material and Method. The same culture medium was used for anerobic bacteria 
on Petri plates using Becton-Dickinson microtablets and the interpretation of the results was 
made by NCCLS 2001 recommendation M11-A4 [18]. 

The sensitivity to doxycycline and tetracycline of the isolated bacterial species was 
75%, 76.7% respectively and are shown in Table 2. 
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Table 2.  Sensitivity to antibiotics of identified anaerobic bacterial species 
 Nr DOX TET 

Bacterial genus  S 
no (%) 

I 
no (%) 

R 
no (%) 

S 
no (%) 

I 
no (%) 

R 
no (%) 

Prevotella  18 13 (72.2) 2 (11.1) 3 (16.6) 12 (66.6) 3 (16.6) 3 (16.6) 
Porphyromonas  
 

13 13 (100) - - 13 (100) - - 

Fusobacterium  
 

8 2 (25) 4 (50) 2 (25) 2 (25) 4 (50) 2 (25) 

Eubacterium  
 

4 4 (100) - - 3 (75) 1 (25) - 

Peptostreptococcus  
 

7 3 (42.8) 2 (28.5) 2 (28.5) 6 (85.7) - 1 (14.2) 

Bacteroides   
 

5 5 (100) - - 5 (100) - - 

Capnocytohaga  
 

2 2 (100) - - 2 (100) - - 

Actinomyces  
 

1 1 (100) - - 1 (100) - - 

Peptococcus   
 

1 1 (100) - - 1 (100) - - 

Clostridium  
 

1 1 (100) - - 1 (100) - - 

Total:  60 45 (75) 8 (13.3) 7 (11.7) 46 (76.7) 8 (13.3) 6 (10) 
(S = sensitive, I = intermediary, R = resistant, TET = tetracycline, DOX = doxycycline) 

 
 

Figure 1 shows sensitivity to doxycycline and tetracycline (in percentages) of isolated 
and identified bacterial species from the subjects. It was observed that all bacterial streins had 
very good sensitivity to both antibiotics, only a small percentage of the strains showed 
resistance. 

 
Fig.1. Sensitivity to doxycicline and tetracycline ( in percentages) of isolated and identified bacterial species  

(dox= doxycycline, tet=tetracycline) 
 

Clinical aspects of the association of doxycicline to periodontal treatments 
 Before the treatment only one patient had satisfactory hygiene (PI 10%), all the other 
subjects had PI between 27% and 73%, with an average of 51.18%. In 3 cases the bleeding on 
probing index (BOP) was within satisfactory limits < 40%, the average BOP being 49%. The 
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average calculus index was 52.24%, with higher values than the plaque index in two of the 
cases. 
 The highest value of the periodontal pockets index before treatment was 63.76% for 
this patient, while the lowest value was 9.52%;  the BOP was the highest (75%). 
 All the patients had gingival recesus with indices between 3.44 and 70.5%, an 
average of 28.88%. The majority of subjects had CAL between 4-6 mm at baseline, and after 
treatment between 3-4 mm (table 3). The mean value of CAL at baseline was aproximative 
5.7, and after treatment 4.33 mm (p<0.001). 
 After periodontal treatment associated with systemically administered doxycicline we 
noticed a significant reduction in the value of the BOP, of the PI and of the PPD. In three of 
the cases the gingival recesus index value was the same as before the treatment, in four cases 
it decreased and in the other three cases it increased. The BOP after the treatment is within 
very good limits (<10%) in one of the cases and within satisfactory limits (10-40%) in the 
other cases, the highest value being 27.5%. The average reduction in the BOP was 33.46%. 
 After the treatment the lowest value of the PPD was 1.6% (subject with periodontal 
pocket depth  ≤ 6mm before antibiotic administration, but who revealed at one tooth a 
pathological migration) while the highest value was 44%; in this case there was a slight 
decrease in the value of the same index (6.75%). After systemic administration of doxycycline 
the decrease of the PPD was 13.15% on average, the highest value being 29.1% and the 
lowest 2.38%, this being the case of the subject who had the lowest initial value of the same 
index (9.52%). Figure 2 shows the variation in the depth of periodontal pockets before and 
after systemic administration of doxycycline. 

  

 
Fig.2. Variation in the depth of periodontal pockets before and after systemic administration of doxycycline. 

(b= baseline, a= after treatment) 
 

The observed values of PPD and CAL have been tested with “The Chi-Square 
Goodness of Fit Test for a Poisson Distribution” using Minitab® 16.2.3 are presented in table 
3. An average reduction for PPD was 1.245371 (p< 0.001) and for CAL was 1.36262 
(p<0.001). 
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Table 3. Goodness-of-Fit Test for Poisson Distribution. Change in periodontal clinical parameters of 
subjects at baseline and  4 weeks after treatment. 
Data column: p_PPD 
 
Poisson mean for p_DP = 4.99439 
 
                    Poisson            Contribution 
p_DP  Observed  Probability  Expected     to Chi-Sq 
<=1          1     0.040617   21.7301        19.776 
2            7     0.084508   45.2118        32.296 
3           23     0.140689   75.2685        36.297 
4          196     0.175664   93.9801       110.747 
5          130     0.175467   93.8747        13.902 
6          125     0.146058   78.1412        28.100 
7           26     0.104210   55.7526        15.878 
8           23     0.065058   34.8063         4.005 
9            2     0.036103   19.3151        15.522 
>=10         2     0.031625   16.9195        13.156 
 
 
  N  N*  DF   Chi-Sq  P-Value 
535   0   8  289.678    0.000 
 
 

Data column: a_PPD 
 
Poisson mean for a_DP = 3.74019 
 
                    Poisson            Contribution 
a_DP  Observed  Probability  Expected     to Chi-Sq 
<=1          4     0.112578    60.229       52.4948 
2           58     0.166117    88.873       10.7245 
3          183     0.207103   110.800       47.0472 
4          179     0.193651   103.603       54.8697 
5           66     0.144858    77.499        1.7062 
6           34     0.090299    48.310        4.2389 
7            8     0.048248    25.813       12.2921 
8            1     0.022557    12.068       10.1509 
>=9          2     0.014589     7.805        4.3175 
 
 
  N  N*  DF   Chi-Sq  P-Value 
535   0   7  197.842    0.000 
 

Data column: p_CAL 
 
Poisson mean for p_CAL = 5.69720 
 
                     Poisson            Contribution 
p_CAL  Observed  Probability  Expected     to Chi-Sq 
<=2           5     0.076926   41.1553       31.7627 
3            19     0.103412   55.3255       23.8505 
4           132     0.147290   78.8000       35.9167 
5           102     0.167828   89.7878        1.6610 
6           119     0.159358   85.2565       13.3553 
7            85     0.129699   69.3890        3.5121 
8            44     0.092365   49.4153        0.5935 
9            15     0.058469   31.2810        8.4739 
10           10     0.033311   17.8214        3.4326 
11            1     0.017253    9.2302        7.3385 
>=12          3     0.014090    7.5380        2.7320 
 
 
  N  N*  DF   Chi-Sq  P-Value 
535   0   9  132.629    0.000 
 

Data column: a_CAL 
 
Poisson mean for a_CAL = 4.33458 
 
                     Poisson            Contribution 
a_CAL  Observed  Probability  Expected     to Chi-Sq 
<=1           4     0.069922    37.408       29.8362 
2            33     0.123135    65.877       16.4078 
3           153     0.177912    95.183       35.1197 
4           132     0.192794   103.145        8.0725 
5           107     0.167136    89.418        3.4572 
6            52     0.120744    64.598        2.4569 
7            32     0.074768    40.001        1.6003 
8            15     0.040511    21.673        2.0547 
9             1     0.019511    10.438        8.5341 
10            4     0.008457     4.525        0.0608 
>=11          2     0.005111     2.734        0.1972 
 
 
  N  N*  DF   Chi-Sq  P-Value 
535   0   9  107.797    0.000 
 
 
2 cell(s) (18.18%) with expected value(s) less than 5. 
 

PPD = probing pocket depth, CAL = clinical attachment level 
 

 
Discussion 

It has been previously estimated that about 500 species of bacteria and 415 sub-
gingival species (B.J. PASTER & al.[19]) inhabit the human oral cavity.  The majority of 
these microorganisms are commensals. Periodontal disease has a polymicrobial etiology (A.S. 
DUMITRIU & al. [20[). 

It is recognized that in addition to direct bacterial mechanisms, the destruction of 
periodontal structure occurs as a results of activation of the host’s immune-inflammatory 
defense mechanism such as pro-inflammatory mediators and cytokines, together with 
proteolytic enzymes, especially matrix metalloproteinases (MMPS) (P.M. PRESHAW & al. 
[14]). Consequently, it is important to know which microorganisms are present in periodontal 
environment and which antibiotic is more effective against them.  

Resistance of periodontal pathogens to tetracycline has been observed by different 
investigators and the proportion of resistant subgingival strains appeared to have increased in 
the last years (M. FERES & al. [16], [17]). Also, the long-term use of tetracycline favored the 
development of the bacterial tetracycline-resistant genes. 

Thus, the purposes of this study were to establish which periodontal strains are present 
in periodontal disease, what their sensitivity to doxycycline and tetracycline is and if there is a 
difference in sensitivity of bacteria to these two tetracyclines and also if the administration of 
doxycycline for only 7 days is efficient. 

The outcomes of this study were that in periodontal disease the preponderant species 
were Prevotella, Porphyromonas, Fusobacterium and Peptostreptococcus. Porphyromonas 
belongs to the red-complex and it is recognized for its function to neutralize host defence 



 
Doxycycline versus tetracycline in the treatment of periodontal disease 

Romanian Biotechnological Letters, Vol. 19, No. 3, 2014                                                   9317 

mechanism and cause the destruction of host tissues (S.A. KINDERT & al. [21]).  All the 
other species belong to the orange-complex and they are important in adherence and 
coaggregation of periodontal pathogens. A strong and specific coaggregation was 
demonstrated between two putative periodontal pathogens, Fusobacterium nucleatum and 
Porphyromonas gingivalis (S.A. KINDERT & al. [21]). 

The majority of the Gram-negative species isolated in this study had a very good 
sensitivity to doxycycline: Porphyromonas, Eubacterium, Bacteroides şi Capnocytophaga 
100% sensitivity, Prevotella sp. 72.2% sensitivity. Peptostreptococcus and Fusobacterium 
had the lowest sensitivity (42.85%, 25% respectively), the last one showed 25% antibiotic 
resistance. Peptostreptococcus spp. showed the highest resistance to doxycycline (28.5%). A 
small number of Prevotella strains (16.66%) showed doxycycline resistance.  

Regarding tetracycline, three Gram-negative species showed 100% sensitivity: 
Porphyromonas, Bacteroides and Capnocytophaga. Eubacterium spp. and 
Peptostreptococcus spp showed a good sensitivity (over 70%), while Prevotella spp.only 
66.6%. The lowest sensitivity was shown by Fusobacterium spp. which had the highest 
resistance (25%). Less resistance (<16%) to tetracycline was shown also by two other species: 
Prevotella and Peptostreptococcus. 

The bacterian sensitivity spectrum for these two antibiotics was mostly identical, with 
two exceptions: Eubacterim spp. which showed a better sensitivity to doxycycline, and 
Peptostreptococcus spp. which had a higher sensitivity to tetracycline. Some strains of 
Prevotella spp., Fusobacterium spp. and Peptostreptococcus spp. showed resistance to both 
antibiotic ranges between 14-28.5%.  

For all the isolated and identified species the sensitivity to tetracycline was a little bit 
higher than that to doxycycline, 76.7% as compared to 75%. 

Regarding clinical outcomes after doxycycline and subgingival curettage, the greatest 
reduction of the periodontal pocket depth was recorded for pockets >7 mm (83%), for those  
6-7 mm deep the reduction was 70%, and the lowest value of reduction was recorded for 4 
mm pocket depth (9,69). The average decrease of PPD was in accordance with the average 
decrease of CAL: 1.245371 (p< 0.001) and 1.36262 (p<0.001) respectively. The difference 
between CAL and PPD was greater at baseline (0.7 at baseline and 0.59 after treatment). 
Thus, after treatment a gain in clinical attachment level was recorded. 

In conclusion, the results are in accordance with the ones presented in medical 
publications. Doxycycline and tetracycline were effective against most bacterial species. Due 
to the fact that some bacterial strains of the orange complex have demonstrated some 
resistance, and clinical testing has shown a reduction in mean value PPD with 1.24 and CAL 
with 1.36 we recommend doxycycline as the second choice of antibiotic in the treatment of 
the periodontal disease. 
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