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Abstract: Tetracyclines are a unique group of drugs which were discovered in the 1940s, developed as a result of the screening of soil 

samples for antibiotic organisms. The first of these compounds which was chlortetracycline, was introduced in 1948. Soon, they were 

found to be highly effective against various pathogens including rickettsiae, Gram-positive, and Gram-negative bacteria, thus becoming 

a class of broad-spectrum antibiotics.  
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1. Introduction 
 

Antimicrobial agents are used extensively in both medicine 

and dentistry to eliminate infection,  as a prophylaxis to 

prevent infection in the ‘at risk’ patient. The microbial 

etiology of periodontal disease has provided the basis for the 

use of drugs in the overall management of this disease.It is 

still  an area of controversy if anti microbials should be used 

in Periodontitis. [1]  

 

The tetracyclines belong from an aging family of broad-

spectrum antibiotics. The parent compound, 

chlortetracycline,  was first isolated from Streptomyces 

aureofaciens in 1947 and later led to the discovery of other 

tetracyclines and many compounds.  

 

Two of the more common semisynthetic tetracyclines used 

clinically as antibiotics are doxycycline (DOX) and 

minocycline (MIN), which are essentially well-tolerated and 

safe compounds. Because of its broad-spectrum antibiotic 

efficacy, Doxycycline is indicated for the treatment of a 

variety of infections, namely periodontal infections, anthrax, 

chlamydial infections, community-acquired pneumonia, 

Lyme disease, cholera, syphilis and others. Minocycline is 

also a broad-spectrum antibiotic and is most often used 

clinically in the treatment of severe acne, but it is also 

indicated for many of the same infections as DOX. 

 

 

 

 

 

 

 

2. History of the Tetracyclines 
 

Chlortetracycline and oxytetracycline, discovered in the late 

1940s, are the first members of the tetracycline group being 

the  products of Streptomyces aureofaciens and S. rimosus, 

respectively.  

 

Other tetracyclines were identified later, either as naturally 

occurring molecules, e.g., tetracycline from S. aureofaciens, 

S. rimosus, and S. viridofaciens and 

demethylchlortetracycline from S. aureofaciens, or as 

products of semisynthetic approaches, e.g., methacycline, 

doxycycline, and minocycline. Inspite of the success of the 

early tetracyclines, the analogs had improved water 

solubility either to allow parenteral administration or to 

enhance oral absorption. These approaches resulted in the 

development of the sem-isynthetic compounds 

rolitetracycline and lymecycline. The most recently 

discovered tetracyclines are the semisynthetic group referred 

to as glycylcyclines, minocycline, and 9-t-

(butylglycylamido)-minocycline. These compounds possess 

a 9-glycylamido substitutent. [2] 

 

3. Chemical Structure 
 

Tetracycline, doxycycline and minocycline are all composed 

of a four-ring core to which are attached various side groups. 

The dimethylamino group at the C4 carbon on the upper half 

of the molecule has been shown to be necessary for 

antimicrobial activity. 4-De-dimethylamino tetracyclines, 

also called chemically modified tetracyclines (CMTs), lack 

antimicrobial activity in vivo presumably due to the inability 

of the molecule to adapt a zwitter ionic form necessary for 

activity.  
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Figure 1:  Chemical structure of tetracyclines 

 

However, CMTs do retain the ability to bind other non 

microbial targets, such as matrix metalloproteinases 

(MMPs),which facilitates their use in the treatment of other 

disease processes. The oxygen-rich lower half of the 

molecule is crucial for binding to both prokaryotic and 

eukaryotic targets and interference with this region reduces 

or eliminates the effectiveness of the drug. 

 

This region is important as a site for metal ion chelation. 

Binding of tetracyclines to proteins, including TetR, may be 

greatly enhanced when the tetracycline is complexed with 

divalent metal ions such as Ca2_ or Mg2_ .  The binding of 

tetracyclines to MMPs is thought to be intervened by the 

chelation of structural and catalytic Zn2_ ions within the 

enzyme. Also,  binding to the bacterial ribosome involves 

binding to RNA-bound Mg2_ . The strength of tetracycline 

metal interaction depends on both the tetracycline and the 

metal ion present.  

 

In general, the affinity of the tetracyclines for different 

divalent metals is in order of decreasing affinity. The 

relative affinities of different tetracyclines for a given metal 

can also differ and are highly dependent on the pH value and 

the presence of other metal ions. The relative superiority of 

doxycycline as an MMP inhibitor is due to its increased 

affinity for Zn2_ compared with tetracycline or minocycline. 

In general, there is a direct relationship between lipo-

philicity and activity against Gram-positive bacteria. The 

lipo-philicity of tetracycline, doxycycline and minocycline 

as determined by partitioning between octanol and aqueous 

buffer, has been determined to be 0.025, 0.600, and 1.1, 

respectively, and the minimum inhibitory concentration 

against Staphylococcus aureus is 0.21, 0.19, and 0.10 g/ml, 

respectively. Lipophilicity also affects tissue distribution. 

Minocycline is able to cross the blood-brain barrier much 

more readily than Doxycycline or tetracycline and also it 

attains levels in the brain nearly threefold higher than 

doxycycline whereas tetracycline is undetectable in the 

brain. 

 

Antibiotic effect of tetracyclines: 

The tetracyclines exert their antibiotic effect primarily by 

binding to the bacterial ribosome and halting protein 

synthesis. Bacterial ribosomes have a high-affinity binding 

site located on the 30S subunit and multiple low-affinity 

sites on both the 30S and 50S subunits. Upon binding the 

ribosome, the tetracyclines inhibit binding of the amino 

acyl-tRNA at the acceptor site (A-site), and thereby protein 

synthesis ceases.  

 

Resistant microrganisms have resulted in the declined usage 

of tetracyclines. The primary mechanism of resistance is 

intervened by increased drug efflux out of the cell by a 

family of Tet proteins located on the cytoplasmic surface of 

the cell membrane. It also has led to the development of the 

Tet regulatory system, an important transcriptional 

regulation tool which is used extensively for eukaryotic  

targeted gene regulation. 

  

Tetracyclines are effective, slow-acting anti-malarial drugs. 

Doxycycline treated parasites appear morphologically 

normal until late in the second cycle of treatment but do not 

develop into merozoites. Doxycycline impairs the 

expression of apicoplast genes. Apicoplast are abnormal in 

the progeny of doxycycline treated parasites. The loss of 

apicoplast function in the progeny of treated parasites leads 

to a slow,  potent antimalarial effect. 

 

 
Figure 2: Mechanism of tetracycline resistance [3] 
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Mechanisms of resistance for characterized tet and otr 

genes  

 
[2] 
 

 
 

Administration of tetracyclines 
Tetracyclines are usually given orally for the periodontal 

treatment regimen. The usual oral dose is 250 mg four times 

a day. Tetracyclines are absorbed from the gastrointestinal 

tract and absorption is reduced when it is taken with dairy 

products or with substances containing calcium, magnesium 

(e.g. antacids) or iron. They cause chelation thus impairing 

absorption. 

 

The half-life of tetracycline is between 6 and 10 hours, while 

those of minocycline and doxycycline are between 16 and 

18 hours. These longer half-lives allow lower initial doses 

and less frequent administrations than for tetracycline. All 

tetracyclines are distributed widely in the tissues and are 

localized in developing dental structures and bone. It is also 

detectable in crevicular fluid after oral dosing and their 

respective concentrations can reach levels of 5-10 times 

those in serum.  

 

 [4]  

Topical application of tetracyclines 

Tetracycline has been delivered locally into the diseased 

tissues as local drug delivery agents for insertion into 

periodontal pockets. Of these devices, monolithic ethylene 

vinyl acetate fibres have been found to be efficacious in 

achieving prolonged delivery of the drug from the entire 

length of the fibres. Furthermore, the concentrations of 

tetracycline in crevicular fluid achieved by controlled local 

delivery are up to 100 times those obtained from systemic 

dose (1500 ug ml-l vs 1.5 I-I & ml). These high local 

concentrations favourably increase the chance of complete 

suppression of bacterial growth. Placement of such fibres 

appears to be non-traumatic and compatible with the 

gingival tissues. 

 

 
Figure 3: Tetracycline fibres 

 

 
Figure 4: Tetracycline gel 

 

Further properties of tetracycline for periodontal 

diseases 

 

Anti-collagenase inhibition 

The anti- collagenase activity is the most distant property 

exhibited by tetracyclines. This action is related to the 

source of the enzyme and the tetracycline used. Doxycycline 

is the most potent tetracycline for collagenase inhibition. 

Collagenases derived from neutrophils are more susceptible 

to a tetracycline induced inhibition, where as collagenases 

derived from human fibroblasts are more resistant to the 

drug. Tetracycline inhibition of collagenase may be caused 

due to the drug’s ability to bind with calcium and zinc ions.  

 

Zn+ is located at the active site of the enzyme, while Ca2+ is  

an exogenous co-factor. A further mechanism may be linked 

with the ability of the tetracyclines to scavenge reactive 

oxygen radicals (e.g. hydroxyl groups or hypochlorous acid) 

produced by PMNs.  These oxygen radicals activate latent 

collagenases. Inhibition of collagenase may result in further 

anti proteolytic effects such as inactivation of a-l proteinase 

inhibitor and neutrophil elastase. 
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Tetracyclines and bone resorption  
Tetracyclines inhibit bone resorption induced by parathyroid 

hormone, prostaglandins of the E series and bacterial 

endotoxin. This action is caused because of the 

antiproteolytic properties of the drug or a modifying effect 

on osteoclasts.  

 

Anti-inflammatory actions of tetracyclines 

Tetracyclines are used widely in dermatological practice due 

to their general anti proteolytic propertiesand or to some 

anti-inflammatory action. Potential anti inflammatory 

properties include the ability of tetracyclines to down 

regulate PMN activity, to scavenge reactive oxygen radicals 

and block ecosanoid synthesis by inhibition of 

phospholipase A activity.  

 

Effect of tetracyclines on the root surface attachement 
It has been seen that pre treatment [Root biomodification] of 

root surfaces with tetracyclines enhances fibroblast 

attachment and colonizations.It can also bind to and 

demineralize the dentine. However, it is not confirmed 

whether these actions of tetracycline on dentine are due to a 

chemical modification of the properties of the dentinal 

surface, or to the release of matrix components from the 

dentine (i.e. type 1 collagen, proteoglycans, osteonectin or 

growth factors). 

 

Other tetracyclines 

Minocycline is a semisynthetic derivative of tetracycline. 

Short-term studies, in which minocycline 200 mg per  day 

was administered for 7- 8 days to patients with periodontal 

disease, indicate that the drug produces long-lasting shifts in 

the subgingival microflora. Minocycline also has the effect 

of resolving gingival inflammation, although its long-term 

effects are unknown. 

 

Local application of minocycline 
Minocycline is available in a proprietary controlled release 

system (Dentomycin, Lederle, Gosport, UK). The product 

contains 2% minocycline gel which is packaged in a syringe 

for easy application into the periodontal pocket. Local 

application of minocycline has shown to be a good and a  

useful adjunct to non-surgical management. 

 

Doxycycline (100 mg  per day) has been used as an adjunct 

to periodontal surgery in the management of aggressive 

Periodontitis and also chronic periodontitis. A 2 week course 

of doxycycline with surgery produces a significant reduction 

in the prevalence of A. actinomycetemcomitans, and this 

suppression can persist for up to 12 months. A further study 

has shown that a 3 week course of doxycycline 100 mg/day 

produced a significant risk reduction in patients with 

recurrent active periodontal disease. Benefits of this regimen 

of doxycycline lasted for up to 1 year in most patients.[5]  

 

 
Figure 5: Minocycline gel application 

 

Side effects of tetracyclines 

 

 
 

Possible drug interactions 

 
[6]  
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Principal members of the tetracycline class 

 
 

Other Clinical Indications of Tetracyclines 

 
[2] It is widely used in Aggressive Periodontitis and Necrotizing Periodontal Diseases. 
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