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Chemotherapy is a term not only related to cancer treatment, it includes any group of drugs that affect pathogens (such as bacteria or viruses), so chemotherapy is a general term that refers to antibacterial, antiviral, antifungal and anticancer drugs .
Chemotherapy : any chemical compound that selectively acts on microbes or on cancer .

Antibiotics 

History of antibiotics :

· Paul Ehrlich :

He was the first to discover an antibiotic, he was studying Trypanosomes, Tuberculosis and syphilis (he discovered the drug Salvarsan which was used to treat syphilis back then) .
· Alexander Fleming :
He noticed that in bacterial cultures there was no bacterial growth where the mold penicillinum grows, he concluded that this is due to an antibacterial compound which is penicillin .
· Howard Florey :
He isolated penicillin from the mold (penicillinum), which was a revolution in the medicine field as bacterial infections used to be the cause of many deaths back then .

Patient-Drug-Pathogen interactions :

It's a very complex process and should be studied for each drug .

Some terms related to this complex process : 

· Pharmacokinetics : it refers to what the body does to the drug .
Ex: if a patient with impaired renal function was given Gentamicin (which is cleared by the kidneys) the drug concentration in the blood will be very high, so everything should be taken into consideration before prescribing any drug to the patient including his medical history .
There are 5 processes of pharmacokinetics :
Absorption, distribution, metabolism, excretion, a fifth process (liberation) has been highlighted as playing an important role in pharmacokinetics, liberation refers to the process of release of the drug from the formulation .

· Pharmacodynamics : what the drug do to the patient .

Ex: the antibiotic erythromycin affects an enzyme in the gut called motilin causing nausea, so the patient must be informed of the side effects of the drug he's taking .

· Immunity : what the patient does to the pathogen .

Ex: AIDs patients, although they're given alot of antibiotics and prophylactics, they end up with being infected as they have a bad immunity .

· Sepsis : what does the pathogen do to the patient .
Tuberculosis affects each patient differently depending on his immune status (immunocompromised patients will be affected in a different way than regular people do, they might develop sepsis which is infection of the blood stream, it's a lethal condition that is accompanied by high fever and might affect the cardiac muscle eventually) .
· Resistance : what the pathogen does to the drug .
There are many types of bacteria that are resistant to antibiotics, this is mainly due to the abuse in taking antibiotics, many people take antibiotics without going to the doctor and with no prescription, they might be having a viral infection and yet taking antibiotics to treat it !
Resistance is a result of mutations in the bacterial genes, there mutations result in the production of different enzymes making the bacteria more resistant to antibiotics .

Bacterial resistance is a major problem regarding antibiotics .

· Selective toxicity : it means what the drug do to the pathogen .
Ex: antiviral drug Acyclovir (which is used for treating HSV infections) affects the elongation of the viral DNA, one of it's metabolites (acyclovir triphosphate)  will bind to the viral DNA and terminate the elongation process leading to the death of the virus, for this drug to affect human cells the dose must be very large, so this drug is given in low doses in order to affect the virus only (selective toxicity by the dose) .
Antibacterial drugs :
An antibacterial agent is a substance or compound that kills or slows down bacterial growth .

An antibiotic is a natural substance produced by a microorganism and kills another microorganism (it can be an antifungal or antiviral not only antibacterial) .
" but some books still use the term antibiotics for antibacterial agents and the doctor will do so in the lectures and in the exam "

There are 4 different classifications for antibiotics :

1) depending on the way the antibiotic work on the bacteria (does it kill the bacteria or does it stop it's growth) .

- bacteriostatic : inhibits bacterial growth without killing the bacteria .              - bactericidal : kills the bacteria .

(bacteriostatic Vs. bactericidal: bacteriostatic drugs allow the natural immunity to deal with the microorganism, but bactericidal drugs affect a very important metabolic process within the bacteria such as DNA elongation, replication, protein synthesis…)
This is dose related; high doses of bacteriostatic antibiotic might kill the bacteria, and low doses of bactericidal antibiotic won't kill the bacteria .
2) depending on the spectrum of activity (broad spectrum Vs. Narrow spectrum) .
This classification is related to many different factors, the most important one is the number of microorganisms susceptible to the action of the drug,

- Narrow spectrum : work on a small number of microorganisms (an example is penicillin G which acts only against gram negative bacteria so if we have an infection fir example in the third molar region and there was abscess we can't use penicillin G as this infection is probably caused by anaerobic bacteria which will nit be affected by penicillin G, in this case we usually use metronidazole or augmentin which is a combination of penicillin and clavulanic acid) . 
- Broad (wide) spectrum : work on a large number of microorganisms (an example is Tetracycline antibiotics which are effective against gram negative and gram positive bacteria so they're considered as broad spectrum antibiotics) .

There are some antibacterial drugs that act against gram negative and gram positive bacteria but are not considered as broad spectrum antibiotics as they don't cover all types of gram positive bacteria .

[narrow and broad does not mean weak or strong, there's no relation between the spectrum of activity of the drag and it's potency or efficacy]

If the cause of infection is unknown we usually start with a broad spectrum antibiotic, whereas narrow spectrum antibiotics are prescribed when the cause of the infection have been identified from a tissue sample.
Beta lactam antibiotics are considered as broad spectrum antibiotics except for penicillin G .  

3) depending on the chemical structure of the antibiotic .

When we study a family of antibiotics such as the beta lactams this is based on the chemical structure, but also beta lactams have the same mechanism of action .

4) depending on the mechanism of action .

· Some antibiotics inhibit cell wall synthesis (penicillins, cephalosporins, vancomycin and bacitracin), as we remember, the cell wall of gram positive bacteria is composed of multiple layers of peptidoglycans, whereas is gram negative bacteria it's composed of one or few layers of peptidoglycans plus the lipopolysaccharide ( LPS) . 

· Disruption of the cell membrane ( usually affect certain channels within the membrane which results in increased permeability to certain ions and toxins resulting in death of bacteria, examples : polymixin and colistin), usually drugs that affect the cell membrane such as polymixin and colistin are more toxic than those that affect the cell wall as human cells do not have cell walls, so drugs that affect the bacterial cell wall are more selective than those affecting the cell membrane, so usually drugs that affect the cell membrane are given in lower concentrations than drugs which inhibit bacterial cell wall synthesis . 

· Inhibition of protein synthesis: for bacteria to survive, replicate and keep performing it's function, it needs to synthesize proteins, these antibiotics affect protein synthesis by either binding to ribosomes and terminate protein synthesis at this stage, or by affecting transcription and translation, examples : tetracyclins, aminoglycosides and macrolides, these drugs are selective to bacterial ribosomal subunits which differ in the structure from ribosomal subunits of human cells, such drugs are synthesized to be selective to bacterial ribosomes or nucleic acids (such as acyclovir) so they won't affect protein synthesis in human cells, but still, high doses might cause toxicity as there are many similarities between eukaryotic and prokaryotic cells despite all the differences, so these drugs must be given in low concentrations .
· Interfering with the metabolic processes , the nucleic acid PABA (paraminobenzoic acid ) is very important in protein synthesis in bacteria, also folic acid is very important to bacterial growth, some antibiotics affect these processes (synthesis of PABA or entrance of folic acid or it's incorporation in the bacteria), examples of such drugs are sulfonamides and trimethoprim, these drugs do not affect human cells as our cells do not synthesize folic acid, it's a dietary requirement .
Usually, drugs that inhibit cell wall synthesis or disrupt the cell membrane are bactericidal (lead to cell lysis and death),  whereas drugs that inhibit protein synthesis or interfere with the metabolic processes of bacteria are usually bacteriostatic .
Antibiotics are prescribed to treat bacterial infections, any type of bacterial infection in the oral cavity (usually dental abscess or caries that might cause pulpitis), also they're given to patients who had root canal treatment or if there was abscess in the third molar region .

Antibiotics might be used for prophylactic purposes to prevent bacterial infections such as in patients with risk of endocarditis ( patients with artificial heart valve or valve injury ), such patients should be given antibiotics prior to any dental surgery even if it was a minor surgery, usually they're given 3mg of amoxicillin before and after the surgery .
If any person is going to deal with a patient having meningitis (which is a lethal condition) he might be given antibiotics in order not to be infected .
Immunocompromised patients are always on prophylactic treatment (antibiotics, antifungals and antivirals) as they're immunity is low .

The first group of antibiotics we're going to talk about are the beta lactams .

Beta lactams :
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What these drugs have in common is the presence
of the beta lactam ring .
they include : penicillins, cephalosporins, 

carbapenems, monobactams and carbacephems

(which are a new beta lactam antibiotic class ) .
Mechanism of action :

Penicillin binding proteins (PBPs) are proteins in the bacteria that are  involved in the final stages of the synthesis of peptidoglycan, which is the major component of bacterial cell walls. Bacterial cell wall synthesis is essential to growth, cell division (thus reproduction) and maintaining the cellular structure in bacteria. Inhibition of PBPs leads to irregularities in cell wall structure such as elongation, lesions, loss of selective permeability, and eventual cell death and lysis.
β-Lactam antibiotics are analogues of d-alanyl-d-alanine—the terminal amino acid residues on the precursor NAM/NAG-peptide subunits of the nascent peptidoglycan layer. The structural similarity between β-lactam antibiotics and d-alanyl-d-alanine facilitates their binding to the active site of PBPs. The β-lactam nucleus of the molecule irreversibly binds to (acylates) the Ser403 residue of the PBP active site. This irreversible inhibition of the PBPs prevents the final crosslinking (transpeptidation) of the nascent peptidoglycan layer, disrupting cell wall synthesis.
" the doctor said that we don't have to know these different chemical groups "
It's very important to know that beta lactams are bactericidal, but this also depends on the time and on the concentration of the drug used (they're time dependent killers, which means that their effect is directly proportional to time and to their concentration at the site of infection .

· minimum inhibitory concentration (MIC) is the lowest concentration  of an antimicrobial that will inhibit the visible growth of a microorganism after overnight incubation .
the concentration of the antibiotic should be above the MIC in order to kill or inhibit the growth of bacteria, if the concentration of the beta lactam antibiotic was below MIC it won't kill the bacteria .
Penicillins :
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General Structure of Penicillins




They include natural penicillins, amino penicillins, antistaph. Penicillins & antipseudomonal penicillins .

we have a wide variety of drugs and in order to decide which antibiotic is the most appropriate for the treatment of a bacterial infection we do a sensitivity test, there's also a table that includes different bacterial infections with the antibiotic used for the treatment of each infection .      so when a patient is infected with a certain bacterial infection, the first choice of the doctor is to give him an antibiotic based on that table, if that did not work, usually a sensitivity test is done to determine the antibiotics that are effective against the infective bacteria .
other factors that help in determining the most suitable antibiotic in treating a bacterial infection :

· what's the major mode of resistance of the bacteria .

· site of infection ( for example tetracycline and doxycycline are used for the treatment of bacterial infection of the bone )
tetracycline shouldn't be given to pregnant women as it causes staining of the inborn teeth, it also shouldn't be given to small kids as It causes staining of their permanent teeth ( it'll be incorporated within the hydroxyapatites ) .
Penicillin G :

One of the original (natural) forms of penicillins, available orally, IM and IV (it's mostly given IV) .                                                                        penicillin G is acid labile (unstable in the hydrochloric acid of the stomach) so some of the drug will be destroyed in the stomach, so usually this drug is not given orally as we don't know how much of the drug will reach the circulation .                                                penicillin G is used to treat endocarditis, meningitis, infections caused by Pasteurella multocida (which is a gram negative penicillin sensitive coccobacilli, infection results from scratches or bites from pets, it causes cellulitis i.e. cell swelling ), penicillin G is also used to treat syphilis and streptococcal meningitis .                                                                                     Generally penicillin G is not secreted in high amounts in breast milk or in the CSF, but for the treatment of streptococcal meningitis it can be given in a vein that helps the drug to reach the brain in higher concentrations .
There are 2 modified types of this drug : (long acting )              1)Procaine penicillin ( it has enough concentration to kill the bacteria after 24 hrs of treatment )                                                 2)Benzylpenicillin which is used in the treatment of syphilis (it can stay in the body for up to 4 weeks ) .
A lot of people are allergic to penicillin, so before prescribing penicillin to the patient you have to make sure that he's not sensitive to penicillin . penicillin allergy appears as skin rash, serum  sickness (caused by animal proteins not by the penicillin itself ) and fever .Cross allergy : penicillin allergic patients might also be sensitive to cephalosporins .

Herxheimer reaction (or Jarisch-Herxheimer reaction) : its's a very serious reaction in which the patient develops high fever, syphilis patients develop this reaction to penicillin . in rare cases the patient develops hemolytic anemia, pancytopenia and neutropenia .
Probencid and penicillin G might be administered together to increase the half life of penicillin .

Am really sorry for being late but I wrote the sheet with no slides.

Wish you all the best of luck :)                                                                                  Raghad Al-Akiely






