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Penicillins
Last lecture we’ve started talking about penicillins and stopped talking about penicillin G. In today’s lec we’re going to continue talking about the rest of the penicillins and cephalosphorins. 

Penicillin G :

The first and the original form of the penicillins. It’s mostly used IV ; because it is acid labile. 

The uses of it < the dr didn’t mention them as she was showing us the slides> 

Later on they made a modified form of penicillin G which  is Penicillin VK  ,( it’s a phenoxymethyl analogue of penicillin G):

It’s available orally , it’s indicated in the same uses as penicillin G , mainly used for streptococcal infections when oral therapy is preferred, when we don’t want to give IV. 
Now we’ll talk about Amphicillin & Amoxicillin :
One of the commonest drugs used nowadays for treating kids having bacterial infection, it’s the first choice for pediatrics and when doctors don’t want to use a broad spectrum antibiotic treatment , so usually if the patient doesn’t have sensitivity to penicillins they’ll start with amoxicillin or amphicillin.

Amphicillin is available as IV or PO(orally) , Amoxicillin  is ONLY available orally . 

Used for the same indications as penicillin G , in addition to that H. influenza and E.coli treatment. It’s the drug of choice (DOC) for the Listeria monocytogens , you know Listerosis which is a type of bacterial infection caused by Listeria monocytogens that goes inside the cell –intracellular- and cause very serious infection ,its food borne and grow on cold cut meat and vegetables .its very dangerous esp in pregnant ladies since it can be transmitted to the fetus , its lethal in that case that’s why we ask pregnant ladies not to consume a lot of raw meats.
Amoxicillin is used in dental prophylaxis , for patients who had previously had an entercoccus infection that means infective endocarditis ,if you’re doing a minor or major surgery and  even an endodontic treatment for your ptnt with a history of endocarditis or artificial valves you should use it.
 The regimen for its use is 1gm orally an hour prior to the appointment *(some drs give it in different doses and others give it postoperatively).
It’s also used in the treatment of H.pylori ; for the treatment of peptic ulcer (added to other drugs mentioned in the GI lec).

Adverse effects:

The adverse effects of the penicillin group are mainly similar :

Rashes & you have to make sure that the rashes are not caused by a viral illness such as Epstein Barr Virus (EBV) that causes mononucleosis.
To compare amoxicillin with amphicillin , amoxicillin is better tolerated orally and its better absorbed .Amphicillin can’t be given orally so usually amoxicillin is used more commonl than amphicillin.

Another drug is Oxacillin :

It’s given IV. And it’s mainly used for methicillin sensitive staphylococcus aureus (MSSA).

*(Vancomycin is a very imp antibiotic that is used as the last resort for drs when other drugs aren’t working mainly for staphylococcus infections –we’re gonna talk about it later-)
Oxacillin is more active than vancomycin for MSSA and a very imp feature about oxacillin is that it ‘s metabolized in the liver , so when we have a ptnt with renal failure we don’t have to worry .

But that come with adverse effect:

1- hepatotoxicity because of cholestasis meaning we’re going to have obstruction in the movement of the bile from the liver to the duodenum causing infections of the liver . 
2- neutropenia .

3- Kernicterus in neonates, which is the elevation of the unconjugated bilirubin levels that might cause damage to the brain.

All of that because it’s metabolized in the liver.
Another antibiotic of the penicillins is Dicloxacillin: 

It’s given orally .It’s not equivalent to the IV oxacillin dose, although they’ve very similar structure, because it’s absorbed poorly absorbed , so better given on an empty stomach. 

Refer to the slide for the doses!

It’s used in the same indications as oxacillin .Both r used for the same indications but are NOT therapeutically equivalent ; when u give the dose orally it doesn’t reach the circulation as the IV dose.

So dicloxacillin is used when oral therapy is preferred and when u don’t want to give an IV therapy.
Now we’re done with the first two groups of penicillins : the anti-staph. penicillin & the amino penicillin .And now we’ll talk about the last group which is the anti-pseudomonal pencillin:

One of these antipseudomonal drugs is Piperacillin:

It’s given IV . The main uses of it is for pseudomonal infections , but it can be also used for most enterobacteria such as E.coli, proteus,…., & shigella .

It’s the most active penicillin against pseudomonas , and usually given in combination with other antibiotics such as aminoglycosides or ciprofloxacin or levofloxacin.

It has some some serious adverse effects (ADR): such as bleeding, (~) dysfunction ,neutropenia or thrombocytopenia, so it’s affecting the bone marrow synthesis or synthesis of the main progenitors  of different blood cells.
Last time we’ve talked about penicillin and antibiotics resistance in general.*Remember that penicillin have a β-lactam ring , so that the bacteria modified some of its structures to be able to survive against this antibiotic ,so they started the synthesis of an enzyme called β-lactamase that can degrade the β-lacatam ring…..so in order to overcome this we added some drugs to the penicillin antibiotics to make them able to inhibit this enzyme. 
So one of the mechanisms of bacterial resistance is the synthesis of the β-lactamase enzyme, another is *(Rememeber the outer & inner bacterial membranes and that there’re pores that allow substances to go in and out), some bacteria can modify these pores and make them able to take the drug outside the bacteria instead of letting it in.
For  humans to work with bacteria is for instance is to have β-lactamase and it’s penicillin resistant is to use another drug which is Cephalosporin. Cephalosporin can inhibit the β-lactamase enzyme ,although we still have some types of bacteria which r resistant to cephalosporin.
So we can use a non β-lactam agent /an antibiotic that doesn’t have a β-lactam ring.

Another mechanism is steric inhibition, it has something to do with the chemical structure ; we can add a bulky chemical group that can inhibit the β-lactamase enzyme.

The third option is giving β-lactam antibiotic in addition to a β-lactamase inhibitor , and it is imp to note that not all β-lactamases r inhibited.

1-Augmentin:

Clavulonic Acid (β-lactamase inhibitor) is usually administered in conjugation or made by the drug companies in combination with Amoxicillin.

Amoxacillin is one of the safest drugs, it’s usually given for pregnant ladies ,lactating mothers ;because it has very few side effects.

Usually used in dental practice for wisdom teeth infection, for  broad spectrum of bacteria , MSSA ,or upper respiratory tract infections caused by pseudomonas pneumonia , H.influenza & catarrhalis bacterial which is an anaerobic bacteria.

When you give augmentin a lot of side effects can occur such as:
Nausea , diarrhea ,stomach ache.All of these r caused by clavulonic acid not by amoxicillin.

There’re different ratios of amoxicillin & clavulonic acid, but mainly 500mg amoxicillin + 125 mg clavulonic acid used for the treatment of adults.
2-Unasyn:

This commercial drug is a combination of sulbactam (β-lactamase inhibitor) and Amphicillin. 

It can be given as IV or PO.

Spectrum of activity is the same as ampicillin, in addition to that most of the anaerobes and It’s the drug of choice for the treatment of GNR (gram –ve rods) infections such as E.coli , proteus ,…, pseudomonas ,mainly used for the treatment for the diabetic  foot ( which is an inflammation of the foot caused by an anaerobic bacteria in the diabetic ptnt , because of the lack of circulation to the extremities), for wound infection, also it’s very active against acinetobacter.
3-Zosyn:

Tazobactam (β-lactamase inhibitor) is administered in conjugation with Piperacillin.
It’s the most broad spectrum penicillin.Can be given IV or PO .
*Please refer to its doses in the slides one of them is 4g IV every 4 hrs. 

Now we’ll talk about Cephalosporins in more detail:

MOA ( Cephalosporin binds to penicillin binding protein and inhibit the cross linking between peptidoglycan blocks so disrupt the synthesis of the peptidogycan layer of bacterial cell walls. The peptidoglycan layer is important for cell wall structural integrity… we’ll have osmotic pressure from outside the cell to the inside causing cell lyses.
Structure( it has a β-lactam ring.

There are 4 major groups of Cephalosporins:

1st ,2nd ,3rd &4th generations , usually they’re classified according to the antimicrobial spectrum they’re covering ,so :

1st generation( gram +ve 

2nd generation(less gram +ve and more gram –ve

3rd generation(some microorganisms added to those covered by the 2nd .

4th generation(cover BOTH gram +ve & gram –ve bacteria, the most broad spectrum .

****It’s very important to note that these Cephalosporins r INEFFECTIVE against Listeria monocytogens or enterococcus.

We’ll start with  some of the 1st generation Cephalospporins: 
Cephalexin:
One of the most common antibiotics used in the united states. Mainly used for pediatrics for the treatment of tonsillitis in children. 

It’s available orally or IV .It can cover MSSA, E.coli ,streptococcus pneumonia , used for the surgical prophylaxis ,for patient doing renal dialysis or continuous peritoneal dialysis to prevent the infection.
*( If the ptnt is doing renal or continuous periodontal dialysis they’ve a lot of tubes going through their skin and these bacteria live on the skin surfaces so to make sure that these patients r not getting infected we give them Cephalexin or Cefazolin –the IV form-).

These infections are nocosomial.
Adverse effect is hemolytic anemia.
Now , we’ll talk about one of the drugs of the 2nd generation:

Cefuroxime:

Available IV or Orally .It’s extensively used in pediatrics .It covers streptococcus pneumonia, H.influenza ,viridians strep. The drug of choice for the treatment for uncomplicated CAP. Also it’s used for the treatment of urinary tract infections (UTI).

3rd generation drug is:

Cefotaxime: 
It’s given IV. Mainly used for streptococcus pneumonia , nisseria , most gram –ve,…..,H.influenza , even microbes that have β-lactamase enzyme in them . The drug of choice for the treatment of bacterial meningitis ,CAP ( community acquired pathogens/ the dr isn’t sure about this abbreviation!!), complicated UTI  pylonephritis of the kidney & the bacterial kurtinitis . 

Cefatzedine :

A 3rd generation drug .Given IV. Used for enteric GNR including pseudomonas enterobacter which have an anaerobic activity and it’s the drug of choice for pseudomonas infections treatment.

There’s a problem, with the 3rd generation cephalosporins that some of these can induce the enzyme β-lactamase , they do that by derepression (to induce the operation of the gene by deactivating the repressor )of chromosomal β-lactamase and through several other mechanism.

Also,this group have selected pressure*(selected pressure is a term used to express the increase in the resistance) for VRE *(Vancomycin Resistant Enterococcus) .So, if u give them for the treatment of microbes that have VRE , these drugs can induce the resistance of these microbes.

Ceftriaxone:
This drug is given IV . It’s given once a day; it has long half life (#)

Can cover streptococcus pneumonia and most of the enterobacteria .
50% excreted in the urine/kidney& 50% excreted in the liver. So, it’s safe to be used in patients with renal dysfunction.

**(Most of the drugs that we’re gonna use them later on are mainly excreted in thr kidneys so we have to be cautious in patients having renal dysfunction that we either adjust the dose or we use other drug for them)

This drug goes to the CSF, that’s why it’s used in cases of bacterial meningitis ,also used in cases of streptococcuss viridians endocarditis in combination with  gentamicin .

It can cause cholestatsis since it is excreted through the bile ,can elevate the bilirubin levels & has a side effect of diarrhea.

A 4th generation drug (the dr didn’t mention its name but she said that this was the last slide!! ():
It’s given IV. Used for MSRA ,C.difficile ,…,gram –ve anaerobes.

These are more stable against β-lactamase .

DOC for the treatment of H.influenzae pneumonia
 ****Refer to the slides ***** 
Sorry for any mistake and sorry for being late.

Study well ((.

                                                    Done by:

                                                          Dalia Ramadan.
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