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Today we’ll going to talk about antimicrobial agents, their mechanism of action, resistance and then discuss some of them like penicillins, cephalosporins, erythromycin….etc.

Mechanism of action: as a general rule, these agents act against infective microorganisms and don’t cause any injury to human (host) cells, and that’s because of the differences between the cells , bacteria for example  has a cell wall, no nucleus & has a different metabolic pathway..
A.Based on that some antimicrobials work on the cell wall and interfere with peptidoglycan molecules and thus inhibit its synthesis,  so they  have a bactericidal effect (death of bacterial cells) and they are called bactericidal agents like penicillins and cephalosporins.
B.Other types can utilize the differences between the metabolic pathways of the infective microorganisms and human cells, and these interfere with metabolic processes like protein synthesis..

Protein synthesis in bacteria (Translation): protein synthesis undergoes several steps:
1. Initiation: The small ribosomal subunit binds to the site that holds the start codon (AUG) on mRNA, there it’s joined by the large subunit , then the initiator tRNA binds to the P-site (on the large subunit) holding a base pairing anticodon on one side & an amino acid on the other side.

2. Elongation: an amino acyl tRNA that is able to base pair with the next codon on the mRNA arrives at the A-site, & then the preceding amino acid (on the P-site) is covalently linked to the incoming amino acid (on the A-site) with a peptide bond ; this process is called transpeptidation. After that the free tRNA is released from the P-site, and the tRNA on A-site translocate to the P-site with its attached peptide & open the A-site for the arrival of a new amino acyl tRNA.

3. Termination: The end of translation occurs when the ribosome reaches one or more stop codons (UAA,UAG,UGA), follows it the release of the polypeptide from the ribosome & the ribosome splits into its subunits.

Antimicrobial agents can interfere with this process & lead to stasis (stop of growth),that’s why its called bacteriostatic antimicrobial agents, and they could work on many levels;

-Some interfere with tRNA binding to the A-site.

-Other types, changes the codon to which the tRNA anticodon binds,so tRNA is unable to bind to the codon.

-Some might interfere with the translocation of tRNA with its peptide from A-site to P-site.

-Finally some might interfere with the transpeptidation (transfer of the amino acids from P-site tRNA to A-site tRNA).
So, protein synthesis can be inhibited by different mechanisms by the use of these antimicrobial                                                                                                                                                                                       agents.

C. Some antimicrobial agents interfere with synthesis of essential metabolites , like inhibition of folic acid synthesis.

  Folic acid enzymes are necessary for the synthesis of amino acids,hence are necessary for bacterial protein synthesis..as you know in humans , folic acid is obtained from our diet, while in bacteria it has to be synthesized.
* Antimicrobials agents and folic acid synthesis:
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 1. Sulfonamides ; have similar structure to the PABA (para aminobenzoic acid),so they interfere with the action of Pteridine synthetase, so they 

inhibit the primary part of folic acid synthesis .

2. Trimethoprim; antagonize the action of dihydrofolic acid reductase , there by inhibiting the production of tetrahydrofolic acid ( the active form).

- The combination of both drugs Sulfonamides + Trimethoprim  causes the inhibition of both the primary step (folate synthesis )  and the final step (folate reduction; transformation into its active form) , this combination (Cotrimaxozole) can be very effective, but it has some side effects such as erythema and rashes, so its use is restricted in our practice.

**Now lets talk about Acyclovir..

- Its synthetic guanosine analogue antiviral drug .

- Mechanism of action: acyclovir can be considered a prodrug: it is administered in an inactive (or less active) form and is selectively converted into acyclo-guanosine monophosphate by viral thymidine kinase, that is far more potent than cellular kinases. Subsequently, the monophosphate is further phosphorylated into the active triphosphate form ( acycloguanosine triphosphate) by cellular kinases. It’s then incorporated into viral DNA resulting in premature termination (no further nucleotides can be added to the growing strand), it results also in inhibition of further activity of DNA polymerase.
Conclusion: According to the mechanism of action  we have bactericidal and bacteriostatic antimicrobial agents, but that classification is NOT absolute because some drugs can have both effects like Clindamycin ( as it can interfere with cell wall synthesis and/or protein synthesis ).
** Antibiotic resistance:

Antimicrobial resistance is resistance of a microorganism to an antimicrobial medicine to which it was previously sensitive, so that standard treatments become ineffective & infections persist & may spread to others. Antimicrobial resistance is a consequence of the use, particularly the misuse of antimicrobial medicines & develops when a microorganism mutates or acquires a resistance gene, horizontal gene transfer (transfer of genetic material between organisms) might follow and antimicrobial resistant bacteria may spread.
-Mechanisms of Resistance:

1. Drug inactivation or modification by enzymes like B-lactamases; this enzyme could resist the action of B-lactam antibiotics such as penicillins & cephalosporins.

2. Alteration of target site; so that the antibiotic doesn’t bind to the microorganism, like alteration of PBP; the binding target site of penicillins in MRSA & other penicillin resistant bacteria.
3. Reduced drug accumulation; by decreasing drug permeability &/or increasing active efflux of the drugs across cell surface.

** Most common antimicrobial agents used in dentistry:

Before prescribing any antibiotic, we have to consider the odontogenic disease , and chose the best antibiotic that suit the case whether we needed bactericidal or bacteriostatic drugs, and according to the cause of disease whether it was gram +ve, gram –ve or anaerobic bacteria we chose our antibiotic..
-Note: There are different types of bacteria; gram +ve or gram –ve , aerobic or anaerobic, rods or cocci.Odontogenic infections are usually caused by gram +ve cocci & gram –ve rods or anaerobic bacteria,while gram +ve rods & gram –ve cocci usually cause opportunistic infections.
1.Penicillins: there are different generations of penicillins that have a bactericidal effect as it act on the cell wall and inhibit it’s synthesis.
 1st generation include: Phenoxymethyl penicillin (penicillin V),Benzyl penicillin (penicillin G).

 2nd generation : Amoxicillin , Ampicillin.

 3rd generation:  Carbencillin, Ticaracillin.
 4th generation: Piperacillin.
Spectrum:

- Pen G, Pen V, Benzacillin  & even Ampicillin & Amoxicillin are considered as narrow spectrum                                                                                                                                                             antibiotics ( work mainly on the gram +ve bacteria).
 - Carbencillin is considered one of the broad spectrum antibiotics; that works against gram +ve, gram –ve & anaerobes(some or all).
Resistance:

-& also Pen G ,Pen V, Amoxicillin, Ampicillin & carbencillin are B-lactamase  sensitive; bacteria has developed some resistance against these drugs.
While, Cloxacillin, Dicloxacillin & methicillin are B-lactamase resistant; Bacteria hasn’t developed any resistance against them, these drugs are given usually in salivary gland infections.

Action, Absorption & Excretion:
-Ampicillin and Amoxicillin have the same mechanism of action, but in terms of their absorption from the GI, Amoxicillin is better absorbed from the GIT.So if a patient has some problems in his GIT ,Amoxicillin is a better prescription &
Given 2 hrs before or after eating.
-Penicillins and antibiotics in general are lipid insoluble, they can’t pass the blood brain barrier, & therefore not suitable for treating meningitis.

-Metabolism & Excretion of all antibiotics are by the kidneys except for Erythromycin & Clindamycin as they metabolized and excreted from the liver.

Half-life T1/2:

-Pen G & Pen V have short half-life, acting for 30 min, to increase the half-life we could add Procaine ( a very potent local anesthetic vasodilator) , and some also add Probenecid to inhibit or decrease renal excretion of some drugs to prolong the half-life of the drug.
Contraindications and adverse effects:
-The main adverse effect is hypersensitivity reaction , occur in (1-2)% of the cases, so you have to ask about penicillin allergies in all cases.
-super infections (Candidal infections); Chronic use of antibiotics cause candida infections.
-any patient  with signs of glandular fever,infectous mononucleosis & measles shouldn’t be given Amoxicillin or Ampicillin.
-Note:As mentioned before both Amoxicillin and Ampicillin are sensitive to  B-lactamase enzymes, so B-lactamase inhibitors have been added, like Clavulanic acid, which has been added to Amoxicillin as it bind to the B-lactam ring and interfere with the action of B-lactamase enzyme and prevent it. However chronic use could cause hepatic problems. 

Dose: The usual dose of penicillin is 250-500 mg,twice daily.

2.Cephalosporins:

-Cephalosporins are  considered part of the B-lactam antibiotics,they are similar to penicillins, & have cross hypersensitivity & cross resistance with penicillins; a patient that has an allergy toward penicillin might be aslo allergic to cephalosporins.

- Precaution: you should always take good medical history,so if a patient was allergic to penicillin and had some kind of hypersensitivity reaction before, whether mild or severe it was you should know, because if he had mild symptoms you could treat him with Cephalosporins as an alternative, but if he had an anaphylactic shock, you should avoid Cephalosporins and give him something else instead. 
Spectrum:Cephalosporins are active against gram +ve cocci & some gram –ve rods.

  1st generation: Narrow spectrum, gram +ve only.

  2nd generation: Broader than the 1st ,gram –ve & some gram +ve.

  3rd generation: Broader than the 2nd, more potent and have a long duration.

  4th generation: Resistant to B-lactamases and have the same spectrum as the 3rd.
Excretion: The same as penicillins by the kidney.
3.Erythromycin:

-Macrolide antibiotic.
-Newer generation include Clarithromycin & Azithromycin.

-Erythromycin was used as an alternative for patients allergic to penicillins, but its used as much now (it could cause liver & GI problems).
-Clarithromycin & Azithromycin are not affected by gastric acids like erythromycin, and they have a broader spectrum. Used to treat chest infections.

-Dose:250-500 mg, twice daily.

4.Clindamycin:
-Broad spectrum antibiotic, active against gram +ve cocci, gram –ve rods & anaerobes, it’s use should be reserved for penicillin allergic patients or other patients, for whom penicillin is inappropriate.
-Its popular for having a unique and powerful penetration into the bone; it enters in high concentrations, & therefore its useful for treating osteomyelitis and bone infections.

-It can also be used for treating infective endocarditis in patients allergic to penicillin & erythromycin.

-Adverse effects: 
-long term use of Clindamycin could cause pseudomembranous colitis or antibiotic induced colitis, which is potentially a lethal condition. (Extra: its usually present as an acute illness,the patient is ill with fever , lower abdominal pain & profuse watery diarrhea).
- They used to think that clindamycin is the major drug  that could cause colitis, but recently they’ve  found that it’s responsible for 1/3 of the cases , the other 2/3’s are caused by cephalosporins and ampicillin evenly.
- What happens is that the chronic use of these antibiotics could cause the over growth of Clostridium difficile in the colon, inflammation, ulceration & necrosis follows.
-Treatment: you could give the patient Metronidazole or Vancomycin if he encountered any of the symptoms.

-Risk factors: gender, older ages , recent surgery, problems in the GI tract, & use of antibiotics and medicines that weaken the immune system including chemotherapy.
5.Metronidazole:
-Used particularly for anaerobic bacteria and protozoa.

-Its prescribed for treatment of diseases caused by anaerobic bacteria like ANUG ( Acute Necrotizing Ulcerative Gingivitis).

Note: if a patient came to you with signs of odontogenic infection like facial swelling, you should ask about the onset, if it occurred very recent ( caused by aerobic bacteria) , or if it has persist for days ( could be caused by anaerobes). To be safe, you could give Metronidazole + Penicillins or just give Clindamycin instead.

-Side effects and contraindications: Its contraindicated for pregnant patients, however recent studies showed that its Ok to give them Metronidazole.

-Dose: 200-400 mg, but in our country only 250-500 mg is available, and we usually give 250 mg to avoid its side effects ( as it might cause GI problems & diarrhea).

                                                                                                              Done By:Yasmin Baghal

                                                                                                                    Best of luck all..:)
