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Penicillins

Note: Dr Das suggests focusing on his power points, scribe, and old tests for his material. They realize that we don’t have much time to learn this so they aren’t going to make it complicated.  He has posted power points for the 6 different topics that he is responsible for.  Part of them are antibiotics used for the treatment of bacterial infections, and the 6th is anti-fungal drugs.  Out of the six one he chose to give a prototypical lecture on penicillin the reason being you will see on the boards or here that a lot of bacterial infection are treated with pens.  Before pens they used to use sulfonamides but once pen was discovered and its broad spectrum (used for a wide variety of bact) it has revolutionized the treatment of bacterial infection it is also very safe compared to other drugs except for occasional allergies.  Thus most bacterial infection are treated with pens.  6 topics are about 18 questions there may two or three question form clinical integration

FOR EXAM: 

The mechanism of action 
Ex: pen inhibit cell wall synthesis of bacteria resulting in death.  
The mechanism of resistant (how they try to inactivate the action of the drug)

Ex: penicillin – beta-lactamase and mutation of PBPs (esp. for strep pen and vancomycin)

Side effects - specific toxicity 
Ex: penicillin - the most common side effects is allergy.  They are generally very safe drugs, but some times the pts can develop allergies which if not caught early on can lead to very severe effects like anaphylactic shock in which they might die.  Thus, they might have to have a skin test before given pen to make sure they don’t have an allergic or hypersensitive effect. 
Contra-indication 
Ex; sulfonamides aren’t given if pregnant b/c it might cause defect in fetus – the specific ones. 
Prophylactic uses


Ex: penicillin – for dental extraction use amoxicillin
Inhibitor of beta-lactamase

Ex: sulbactam, clavulanic acid 

Clinical uses of the drugs 


Ex: for enterococcal endocarditis use combo of penG & aminoglycoside
            Ex: staph => vancomycin

Ex: pseudomonas is very common in burn infection => use anti-staph pen (ticarcillin, azlocillin, mezlocillin) prophylactically and for treatment – these are usually used along with aminogylcosides

Example question: Which of the penicillins is very effective against pseudomonas but need to be in combination with aminoglycosides?            
I. Penicillins

A. Top 200 frequently prescribed drugs

B. Augmentin (#15); amoxicillin (#16); Ampicillin (#189); Pen V,G (#185)

C. Beta-lactam antibiotics

1. drugs are characterized based on there mechanism of action 

2. Ex: sulfonamides inhibits folate synthesis
3. Penicillins and cephalosporins inhibit cell wall synthesis of bacteria

a. if you look at structures of pen and cephalo they have a beta-lactam ring
b. intact beta-lactam ring is important for efficacy of the drugs so that if you destroy that ring the drug is ineffective => this is where most the of the resistance is developed by beta-lactamase 

D. Widely used

E. DOC (Drug Of Choice) for a large number of infectious diseases

II. Penicillins
A. Very safe

1. less toxic that other agents

a. if you look at sulfonamides, tetracycline, aminogylcosides they are very toxic drug with a lot of side effects but pen is very little 

2. only adverse effects

a. allergy

b. hypersensitivity
III. Penicillins (cephalosporins too)
A. Structure (Don’t have to know the specific structure for exam)
1. Beat-lactam ring structure

a. susceptible to beta-lactamase

a. produced by some bacteria

* from a gene present in a plasmid

b. opens up the beta-lactam ring resulting in destruction of the structure rendering the drug ineffective

c. concomitant use with clavulanic acid, sulbactam & talzobactam for beta-lactamase producing bacteria

B. R- side chain important for

1. antibacterial activity

a. the properties of pen can be altered by changing the side change R structures 

· 99% of staphylococcus is resistant to classical pens (penG,V) but by changing the R chain there are some pens which are effective against staph infections 

· Ex: cloxacillin, dicloxacillin, nafcillin, methicillin

2. pharmacological characteristics

IV. Slide 4 – structure of penicillin

V. Slide 5 – chart of antibiotics that inhibit cell wall synthesis
A. If you can at least vaguely remember it, it will help you in many respects but if you forget that OK ;-) – at least for the test purposes

1. For board exams, it would be good for you to remember 

B. Two types of antibiotics that inhibit bacterial cell wall synthesis

1. beta-lactam 

a. penicillin, cephalosporin
2. other antibiotics which are not beta-lactam antibiotics => cannot be destroyed by beta-lactamase

a. vancomycin, bacitracin

b. these drugs are discussed in the additional antibiotics chapter that he point in another power point => so here he will focus on the beta-lactam antibiotics (mostly penicillin b/c prototypical)

C. Other beta-lactam antibiotics
1. Carbapenems

a. these are not 1st line drug but are used in some instances when pens cannot be used 

a. ex: imipenem

2. Monobactams

a. ex: aztreonam

3. they are rarely used but in some instances
a. like in hospitalized pts b/c a lot of the common beta-lactam drugs are resistant 

· hospitals are hot spots for mutations and a lot of bacterial drug resistant emerge here

4. they are more expensive drugs

D. Penicillins

1. Pen G and V = classic penicillin or original pens

a. they are still widely used

b. penG cannot be taken orally b/c gastric acid can destroy the beta-lactam ring structures => I.M.

a. but most other pens can be taken orally

2. because of wide spread and over use bacteria have developed inherited resistance 
a. most of staph cannot be treated with classical penicillin b/c they all produce beta-lactamase=> 99% resistant
b. in strep infection, 30-40% are resistant to PenG => so can still use it in some cases
c. pseudomonas is also resistant to classical pen => cannot use it
3. Anti -staph pens

a. nafcillin, oxacillin, cloxacillin, dicloxacillin
b. have been developed just to treat staph infections
4. Broad spectrum pens

a. Ampicillin, amoxicillin
b. Any thing happens you get them 
· Ex: child with ear infection, dental extractions
c. but may not be effective against staph and pseudo infection

5. Anti-psuedo pens 

a. Carbenicillin, ticarcillin, piperacillin, mezlocillin
b. Specifically used to treat pseudomonas infection
E. Cephalosporins

1. There are three or four generations

2. They are like penicillin but have specific uses

a. Ex: in many cases of bacterial meningitis you cannot use pen so you have to use a 3rd generation cephalo (ceftriaxone)

b. Ex: in gonorrhea (STD) ceftriaxone is the DOC => pen is not more effective

Note: Dr. Das will only give use us basic concepts of how these drugs work and when it comes to clinical scenarios and specific uses Dr. Blaze will give us that info in his lectures. 
VI. Mechanism of action

A. bactericidal

B. inhibitors of bacterial cell wall synthesis (p3) (antibacterial agents affecting cell wall synthesis)

1. if you can inhibit the synthesis of the cell wall the bacteria is not viable anymore – it will be killed

2. interfere with the synthesis of cell wall peptidoglycan

b. transpeptidation reaction

VII. Mechanism of action

A. Gram + vs. Gram –

1. Gram + : staph and strep

2. Gram - : E. coli
3. Difference lie in their structure as well as their gram stain

a. They both have cytoplasmic cell membrane and peptidoglycan layer

b. Gram + have a thicker peptidoglycan layer and no outer membrane

c. Gram – have a thinner peptidoglycan layer and an outer membrane

d. So by looking at the architecture of the cell wall one can tell in which bacteria pens will be more effective

· If there is more barrier (like with the outer layer in Gram-) then it will be harder for pens to get inside the cells to inhibit the peptidoglycan synthesis => generally pens are a little less effective in gram- 

· Ex; in Klebsellia infections (gram-) you generally don’t use pen => you use cephalosporins or aminoglycosides

e. Most effective against gram+

B. schematics of cell envelop of a gram negative bacterium

1. cytoplasmic membrane 

2. periplasmic space

3. cell wall

a. peptidoglycan layer – this is where pens work
b. outer membrane (a lipid bilayer)

c. no outer membrane for a gram positive bacterium

d. Not present in humans => so when pens specifically inhibits this cell wall of bacteria it doesn’t lead to side effects in human (we don’t have it) => that’s why pens are so benign in humans and animals (they also use it in cattle)
VIII. Slide 8 – gram negative cell wall 

A. For gram- bact, pens have to pass through the outer layer using the porin molecules (pores) => through the periplasmic space => in the cytoplasmic membrane there is a prt called Penicillin Binding Protein where the drug binds => internalized into the cytoplasm => inhibits cell wall synthesis
B. Resistance to pens can be achieved in two or three different ways

1. they can mutate the porin molecules so that the drug cannot pass through outer membrane (remember gram+ don’t have this membrane)

2. they can produce beta-lactamase => it is present in the periplasmic space so that when pens comes it destroys the rings structure => rendering them ineffective
a. most bacteria use this method of resistance

3. they can also mutate the PBP so that pens don’t bind => rendering it ineffective b/c not internalized to inhibit

a. resistance to vancomycin 

IX. Mechanism of action

A. steps leading to the action of penicillins 

1. attachment of pens to PBPs

a. PBPs are drug receptors on bacteria

b. Cell wall synthesizing enzymes such as transpeptidases

2. inhibition of cell wall synthesis
a. by blocking transpeptidation of peptidoglycans

3. activation of autolytic enzymes such as autolysin

a. lysis of cells (Bactericidal) – makes holes through the cell wall and letting the contents come out
b. pens are bactericidal (they kill the cell) not bacteristatic (just inhibit growth)
i. tetracycline and sulfonamides are bacteristatic – the just inhibit growth of bacteria so that immune system can “kick up” and destroy the bacteria
X. Mechanism of Action

A. schematics of important steps of bacterial cell wall synthesis
B. sites of action of other inhibitors of cell wall synthesis
1. cycloserine – blocks alanine racemase

2. bacitracin

3. vancomycin

4. P/Cs – block transpeptidase rxn

XI. Slide10- rxns in cell wall synthesis and antibiotic actions
XII. Slide 11 – transpeptidase rxn

A. The peptidoglycan is made up to two sugar chains => NAcGluc and MurNAc (you don’t have to know what they are)
1. these are the structure and they have side chains of amino acids

2. then a transpeptidasin rxn occurs (a different rxn from transpeptidase rxn)

a. transpeptidase rxn – in prt synthesis when the peptide bond forms => when a tRNA brings another amino acid and they form a bond => transpeptidal rxn

b. this is a transpeptidase rxn that is a little different it a peptide bond that forms but there are no tRNAs involved
3. if you look at the side chains they are very similar

4.  then glycine 5 reacts with d-alanine they form the side chain linkage => this is how they form the complex sugar structures which is very different from the lipid bilayer found in the cytoplasmic side and outer layer membranes
5. this is the rxn inhibited by penicillin => the enzymes which carry out the transpeptidase rxn are also the PBPs

XIII. Differential effects on gram positive & gram negative bacteria

A. Gram +

1. no outer cell-wall membrane so easy to get through
2. P/Cs easily penetrate 

a. very effective against gram+ bacteria

B. Gram –

1. have outer cell wall membrane 
2. P/Cs cannot penetrate easily 
a. generally not very effective against gram- bacteria but still can be use
XIV. Resistance

A. mainly due to the production of beta-lactamase by bacteria

1. process is genetically controlled

2. transmitted through plasmids form one bacterium to another

a. from one species of bacteria to another species

a. ex: staph to strep

B. due to:

1. reduction of permeability through porin pores of outer membrane

2. modifies penicillin-binding sites

a. modification of PBPs by gene mutation causes resistance to vancomycin

XV. Classification

A. on basis of :

1. acid stability

a. acid labile: Pen G

b. acid stable: Pen V and all other penicillins
2. resistance to penicillinase (beta-lactamase)

a. penicillinase resistant

a. oxacillin, cloxacillin, dicloxacillin, nafcillin
b. penicillinase sensitive

i. ampicillin, amoxicillin, anti-psuedomonal penicillins(carbenicillin, ticarcillin) ect.., - broad spectrum
XVI. Slide16 – Classification of penicillins => Remember this and it will make your life a lot easier
A. Benzylpenicllin = classical PenG

1. acid labile (only one) => cannot take orally due to stomach acid must take I.M.

2. highest activity against both gram+ and gram- 

3. destroyed by beat-lactamase
4. inhibitory for enterococci

5. enterococcal endocarditis = use penG + aminoglycosides as DOC
a. you will see that in many instances pen is not used by itself but in combo with aminoglycosides – small doses

b. they work in a synergic effect – pen inhibit cell wall synthesis so that aminoglycosides can get through and binds to 30S ribo to inhibit prt synthesis.
Remember: when you use to drugs together they have both be either bactericidal or bacteristatic – do not mix

6. Does not enter CNS when meninges are normal – enhanced levels inflamed meninges 

a. Most important treatment for penicillins is for meningitis 

b. small children are very susceptible to this 

c. very few drugs cross the blood brain barrier to enter the meninges – 3rd generation cephalo do cross and PenG can only when its is truly bacterial meningitis – you don’t want to take the chance that it wont cross b/c then it will be fatal
d. DOC for bacterial meningitis is 3rd generation cephalo like ceftriaxone
Note: it is very important for you to remember the typical application of the drugs. Ex: for STD like gonorrhea the DOC is ceftriaxone (3rd generation cephalo)

B. Phenoxymethyl penicillin – PenV

1. acid stable – given orally

2. the rest is similar to PenG but less potent

C. Penicillinase resistant penicillins => beta-lactam ring protected by R side chain => anti-staph drugs (remember the classical pens are ineffective)

1. they can still become resistant to these pens by mutating the PBPs => in which case you use vancomycin 
a. note that vancomycin resistance is also cause by mutating the PBPs but by a separate mutation
Note: many bacteria are becoming resistant to vanco and now it gets really messy => so don’t abuse antibiotics or else we are in a world of trouble 
2. acid stable => oral

3. oxacillin, cloxacillin, dicloxacillin, nafcillin

4. methicillin is more nephrotoxic than nafcillin => methicillin is rarely used 

5. sole indication for their use is for beta-lactamase producing Staph

6. serious staph infection => nafcillin is given by I.V.

7. if you know that a pt has meningitis caused specifically by staph then vancomycin is the DOC – b/c it can cross the meninges

Note: really only three drugs can cross the meninges

1. 3rd generation cephalosporins - Ceftriaxone
2. Vancomycin – mostly for staph
3. Chloraphinicol – last resort because toxic causing serious side effects

D. Not beta-lactamase resistant (beta-lactamase sensitive)



1. acid stable – oral



2. Broad spectrum




a. greater activity against gram- bacteria than PenG




b. ampicillin, amoxicillin – used with clavulanic acid




c. carbenicillin, ticarcillin – for pseudomonas infections 

                                        (remember classical pens cannot be used)




d. piperacillin, mezlocillin, azlocillin resemble ticarcillin





i. used with AMGs against serious psuedo infections





ii. for urinary and respiratory infections

XVII. Pharmacokinectics
D. Unit = 0.6 micrograms (not so important)
E. Penicillins

1. administration – oral and I.M.

2. Pen G (acid labile)

a. oral administration for newborns and elderly 

a. less gastric acid

b. I.M.

3. Absorption

a. small intestine 
b. peak blood levels in 30-60 minutes

c. 2/3rds of oral does not absorbed

d. inhibited by food => so can’t eat with it 

XVII. Pharmacokinectis

A. Distribution

1. widely distributed – goes to many places => this is important b/c it must be able to reach the site of action in order for it to work

2. Ex: in a solid tumor the drugs cannot reach the site of action and cannot destroy the cells => that is why it is very difficult to treat a solid tumor using chemo therapeutic drugs

3. Ex: the reason why meningitis is hard to treat is b/c many drugs cannot get into the meninges to the site of action

a. low levels in brain, joints, ocular, pericardial, CSF

b. enhanced levels of Pen G in inflamed meninges
c. 65% bound to plasma prt

B. Excretion => must be eliminated from body b/c if it stay too long then it can have adverse effects 
1. by kidney (via urine) => most drugs eliminated this way
a. 10% glomerular filtration, 90% tubular secretion

2. exception: Nafcillin

a. slowly excreted by kidney, 90% in bile

XVIII. Toxicity

A. very safe drugs in terms of direct toxicity 

1. mammalian cells do not have walls and thus penicillins do not disrupt mammalian cells

B. Main unwanted effects

1. allergy & hypersensitivity
C. Large does of broad spectrum penicillins (amp,amoxicillin)

1. GI upset, nausea, vomiting, diarrhea

2. skin rashes

a. ampicillin

XIX. Toxicity

A. hypokalemic alkalosis & transaminase elevation in serum
1. carbenicillin

B. allergic effects

1. minor skin rash – ampicillin

2. anaphylaxis – rare and potentially fatal- 1:50,000

3. hypersensitive rxn
C. Procaine syndrome (if given I.V.) – can cause big problem so don’t give pens intravenously
D. anxiety, visual disturbances, confusion, ect…

XX. Toxicity

A. Convulsions

1. with massive doses of Pen G => very rare
a. individual prone to seizures

XXI. Clinical uses

A. remember table 37.1 for clinical uses of all anti-microbial drugs

B. use of Pen G – highly sensitive organisms

1. Gram + cocci

a. Strep (30-40% resistant)
b. P. pneumonia resistant

c. Most of staph in USA are resistant

2. Gram – cocci => 3rd generation cephalo
a. meningococci

3. Treponema pallidum (syphilis) => DOC is PenG
a. Gonococcal infection => DOC id 3rd gen cephalo (ceftriaxone)

4. Gram + rods

a. C. diphtheria

b. B. anthracis

5. Gram – rods

a. bacteroides ect...
XXII. Slide 23- General outline of the action of antibiotics against common or important microorganisms

A. The 1st column is the most important – don’t worry about 2nd column

B. This is table he put together form a book

C. There is a mistake in the table : it says that with a staph infection use PenG TIS IS NOT TRUE – 99% resistant b/c they all produce beta-lactamase

1.  drug of choice would be nafcillin or another beta-lactamase resistant pen

2. if they are resistant to these then use vancomycin

D. can use penicillin for strep and pneumococal infections

1. if it doesn’t work against the pneumonia then use erythromycin 

XXIII. Slide 24- table 37.1 con’t (above slide continued)

A. This table is important => need to know when to use what drug for test

1. pneumonia may be caused by mycoplasma => DOC is a macrolide like erythromycin

2. chlamydia caused STD => DOC is tetracycline or erythromycin

3. rickettsia => DOC is tetracycline

4. syphilis => DOC is PenG

XXIV. Clinical uses of PenG

A. moderately sensitive organism

1. Hemophilus influenza

2. bacteroides fragilis (internal abscesses)

a. replaced by metronidazole, clindamycine, cefoxitin, imipenem

XXV. Prophylactic uses of PenG

A. PenG to prevent beta-hemolytic streptococcal pharyngitis

1. prevent recurrent rheumatic fever in children or young adults with rheumatic heart dz

B. PenG to prevent syphilis 

1. given within 24hrs after exposure to potential source

XXVI. Prophylactic uses
A. Procaine PenG

1. prior to or after dental scaling, extraction b/c when you do surgery there are wounds there that are porn to infection
a. amoxicillin or ampicillin
Example question: A boy comes in needing a dental extraction what drug can be described for prophylactic measures? 

Answer: PenG or amoxicillin if it is an answer choice
2. tonsillectomy

3. to prevent subacute bacterial endocarditis

a. in pts with rheumatic & congenital heart dz

XXVII. Individual Penicillins

A. Pen V

1. same spectrum as PenG

B. Agents for beta-lactamase producing staph infection

1. Oxacillin – given orally or parenterally

a. moderate bile excretion

2. Nafcillin- acid labile -> no oral administration

a. 90% bile excretion

3. Cloxacillin & Dicloxacillin - oral administration
XXVIII. Individual Penicillins

A. Ampicillin

1. acid stable

2. Pencillinase sensitive 
a. use ampicillin + sulbactam 
b. sulbactam is a beta-lactamase inhibitor to use against beta-lactase producing bacteria that are resistant to PenG

i. another one is talzobactam

3. broader spectrum of activity

4. parenteral administration

5. higher percentage of allergic rxn

B. Amoxicillin + clavulanci acid = Augmentin
1. clavulanic acid is sulbactam and talzobactam 

2. the inhibitors of beta-lactamase have a very similar structure to beta-lactam => when you give it with a drug the beta-lactamase binds to it instead of the drug => a competitive inhibitor

a. the penicillin ring remains intact so it remains effective

Sample question: What are clavulanic acid, sulbactam, talzobactam? How do they work?

Sample question: Why do you not take penicillin before or after a meal? 
Answer: when you give penicillin it is absorbed by the small intestine, but you don’t give it with food b/c it will bind and not be absorbed properly.

XXIX. Antipseudomonal Penicillins

C. Ticarcillin, Carbenicillin, Azlocillin

1. commonly given with aminoglycosides

2. Ticarcillin more effective against Pseudomonas than carbencillin
a. ticarcillin = clavulanate = Timentin

3. no oral abortion

XXIX. Summary of some important uses of drugs
A. Vancomycin = only G+ (like staph)
B. Erythromycin = G+ G- (broad spectrum)
C. Staph infection = PenG and PenV resistant => use anti staph pen like nafcillin
a. If the pt is allergic to nafcillin then they are probably allergic to vancomycin b/c they are both cell wall inhibitors
D. Methicillin and Nafcillin resistant = use Vancomycin; Cipro (very expensive)
E. Penicillin allergic pts = use Erythromycin, Cipro (not very effective against strep), Clindomycin (very effective)
F. Meningitis cause by staph = use vancomycin

G. Strep infection = 30-40% pen resistant => still use high dose of PenG

H. Pneumococcal pneumonia = use PenG

I. Allergic to Pen G = use erythromycin and vancomycin

J. Urinary tract infection with multi-drug resistant bact. = use quinolones like ciprofloxicin and norphloxocin, and DNA gyrase inhibitor and topoisomerase inhibitor normally use sulfonamides
K. Shigella and Salmonella infection = use quinolones

L. Sexually transmitted dz – Gonococcal and Chlamydial infection => if resistant then use quinolones

a. Gonorrhea => usually use 3rd gen cephalo

b. Chlamydial => tetracycline

At the end he reviewed the things we need to know for the test and gave examples of each.  This is basically a repeat of the information at the beginning of the scribe and the examples were the high points bolded in the scribe. 
