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Before We Discuss Chemotherapy…..
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THINGS TO DO THINGS NOT TO DO

• Engage in discussion

• Ask a question, always raise your 
hand

• Use your phone to  
information

• Attend all classes

• Participate in quizzes

look for

• Side talk

• Ask your friend on something

• Keep your phone on ringtone  
mode

• Come late to classroom (later  
than 10 minutes of beginning)

• Cheat



How Did Antibiotics Change The World?

• Life expectancy: 47 years 
to 78 years (Western 
countries)

• Major cause of death:  
communicable diseases to 
non-communicable 
diseases(heart disease 
first, then cancer and road 
traffic accidents)
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The Story of Penicillin
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When we say chemotherapy, the 1st thing that comes into our 
mind is anti-cancer drugs, but actually if you break down the 
word, you’ll find out that in pharma it is a general term that 
includes antibiotics too! So the word chemotherapy means a 
drug that kills microorganisms!

In the era of world war 1, there were lots of injuries and wounds 
and so wound infections were rising. Scientists were aiming to 
discover an antimicrobial substance and Alexander flemming was 
one of them! 



The discovery of penicillin is what we call serendipity(good luck)! 
Alexander flemming was conducting experiments on bacteria and he 
forgot to close one of the petri dishes. The bacterial colony was 
contaminated with fungi but he noticed that there were no bacteria 
around the fungi, this led to discovery of penicillin. 
Flemming conducted an inaccurate experiment that led him to think 
penicillin will be ineffective in living organisms. However, 10 years 
later scientists conducted experiments on infected mice and found 
that it actually works!



Overview
Selective Toxicity:

“The ability of an agent to injure or kill an 
invading microorganism without harming host 
cells(human cells)”

Microorganisms(especially prokaryotes usually 
have different processes than those of human 
cells
Are prokaryotic processes completely different 
from eukaryotic processes though? No, there 
are differences but they still share the basic 
principles.(evolutionary conserved as they call 
it)
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On the other hand, there are structures and processes that are 
completely specific to microorganisms but not humans
(like the cell wall for example)

The selective toxicity of cancer chemotherapy is much much lower than 
antibacterial chemotherapy. Why?because cancer cells are human cells 
and so if you interfere with cancer cells processes you’ll interfere with 
other normal human cells processes too!

In most instances, the selective toxicity is relative rather than absolute, 
requiring that the concentration of the drug be carefully controlled to 
attack the microorganism, while still being tolerated(doesn’t cause 
toxicity) by the host



Selection of Antimicrobial Agent(according to FDA 
there are hundreds of antibiotics!)                        
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What needs to be known?

• The organism’s identity(whether gram(+),(-), aerobic, anaerobic etc..)

   Different microorganisms cause different infections.

• The organism’s susceptibilityحساسية to a particular agent(because 
antibiotic resistance is emerging)

• The site of the infection(Central nervous system has blood brain barrier 
and this will affect pharmacokinetic passage of drugs)

• Patient factors

• The safety of the agent

• The cost of therapy



Identification of The Infecting Organism
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• Gram stain:
• presence of microorganisms in sterile body fluids(like the cerebrospinal fluid, blood, 

urine ,synovial fluid, serosa,the mere presence of bacteria indicates infection)

• morphologic features(gram+,-,coccus,bacilli etc…)

• Drawback: Not very accurate in identifying the organism

• Culture(the gold standard in identifying the organism):
• diagnosis

• antibiotic susceptibility(very important advantage! We try antibiotics on the cultured 
bacteria, if an antibiotic doesn’t work, then bacteria is resistant so don’t use it on the 
patient)

• Drawbacks: 1-It is impossible to know whether negative culture is due to absence of 
infection or due to antibiotics the patient has taken before coming to you!

                        2-takes time! Fastest growing bacteria takes 24-48 hours

  So if a patient presents with a life-threatening infection, you have to take samples for 
gram stain and culture then immediately give empiric antibiotic therapy

• Microbial antigens:DNA, RNA,(via PCR) , antibodies, etc

• Host immune markers





Empiric Therapy prior to Identification of The 
Organism
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• Greek empeiria = experience. We give antibiotics 
based on our knowledge of the most common 
causative organisms in the region and their local 
antibiotic sensitivity data(antibiograms)

❑Timing
- Immediate 

critically-ill,  
meningitis. 

treatment: e.g.,  
neutropenic, 

❑Selecting a drug

- Site of infection

- Clinical picture+

- Broad-spectrum therapy(covers a wide range of organisms, used in 
empiric therapy and polymicrobial infections)

Example:

A 40-year-old patient 
with gram- positive 
cocci in the spinal fluid. 
These are most likely be 
S. pneumoniae. S. 
pneumoniae is 
frequently resistant to 
penicillin G. Empirically 
treat with a high-dose 
third-generation 
cephalosporin (such as 
ceftriaxone) or 
vancomycin.

neonate



If an adult patient comes with meningitis, then I know empirically that the 
organisms are most likely to be Neisseria meningitides(also called 
meningococcus) or more commonly strep pneumoniae(also called 
pneumococcus). But if the patient was a 24-hour neonate(مولود جديد), then 
the organism likely came from mother’s birth canal during passage of the 
fetus(such as listeria or group B strep)
See how we gave different empirical treatments to the same disease based 
on different age groups! That’s because different age groups have different 
causative organisms.

Important: Always remember to take samples for stain,culture, etc.. before 
giving the empirical therapy. If you take the samples after giving antibiotics, 
the samples might show false negative results



Determining Antimicrobial Susceptibility of 
Infective Organisms

• Predictable vs unpredictable susceptibility

• Some pathogens, such as Streptococcus pyogenes and Neisseria meningitidis, 
usually have predictable susceptibility patterns to certain antibiotics. In contrast, 
most gram-negative bacilli, enterococci, and staphylococcal species often show 
unpredictable susceptibility patterns and require susceptibility testing 

• The susceptibility of a microorganism to a drug  can be experimentally 
determined

MIC     MBC
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In order to determine bacterial susceptibility to antibiotics, you 
can’t have guesses( بطما  ز تحزربي  ). You need a standard(معيار) and a 
mathematical value(numbers). So we have 2 parameters for 
antibiotic susceptibility, MIC(minimum inhibitory concentration) 
and MBC(minimum bacteriostatic concentration).
MIC(the definition is very important): lowest concentration of 
antibiotic that can inhibit visible bacterial growth in culture.
  What do we mean by visible growth, we mean growth that can 
be seen by naked eye. 



Determination of minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) of an antibiotic.
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Determination of minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) of an antibiotic.
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If there is no visible growth, then it is either that:-
1.  the antibiotic has completely eradicated the bacteria and no bacteria is left 

in the tube
2. The antibiotic did have action but hasn’t completely eradicated the 

bacteria and so few bacteria are left.These bacteria still undergo replication 
and growth but not to the level to be seen by visible growth



To recap the previous 3 
slides

Let’s do the MIC experiment, say that a person comes with 
dysuria(painful urination) and it turned out that he has urinary tract 
infection and we want to determine antibiotic susceptibility for the 
causative organism. We take multiple samples of urine(equal 
amounts of course!) and we put each sample in a culture tube with 
each tube containing different concentration of the antibiotic. We 
leave the bacteria in the culture tube for a while and then we go back 
and asses visible growth with our eyes. The lowest concentration that 
has prevented the visible growth is the MIC.



However, tubes with no visible growth might either 
be totally free from the bacteria(the antibiotic 
concentration has killed the bacteria) or still have 
few bacteria. Here comes the MBC which will help 
us know whether each antibiotic concentration 
result in total eradication of bacteria or not and so 
have another precise measurement for antibiotic 
effectiveness!
 



Determination of minimum inhibitory concentration (MIC) and 
minimum bactericidal concentration (MBC) of an antibiotic.
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Slide is just for comparision.
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Recap of the previous 
slide:MBC

After we are done with MIC,We take samples from each culture 

tube and we put each in a separate antibiotic free medium and 

leave for a day. The result is either:-

1. Visible growth, which means that the tube with no visible 

growth back in the MIC experiment did have few bacteria and 

so they produced visible growth in this antibiotic free medium.

2. If there is no visible  growth, then the tube with no visible 

growth back in the MIC experiment didn’t have any bacteria, all 
were eradicated! 



The lower the MBC(or MIC), the stronger is the antibiotic. 
This is similar to Ed50, the lower it is the stronger the drug! 

So If a question comes in the exam:- 
Antibiotic a has an mic of 0.5 while antibiotic B has an mic of 
0.7, then antibiotic a is the stronger and more potent. 

MIC is more clinically used than MBC, why? Because it is 
faster! MBC requires 2 steps wheras MIC required 1 only. 



Practice Question

• You have 5 tubes and want to do 5 dilutions of antibiotic X on the 
growth of E.coli. Tubes 4-5 do not have growth, but tubes 1-3 have 
visible growth, the tube with the MIC would be?

#1 #2 #3 #4 #5
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Answer: test tube 4



Practice Question

• Subcultures of the last 5 tubes gave the following results. Which tube 
has MBC?

#5#1 #2 #3 #4

H
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h
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t 
D

o
se
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Test tube 5



Bacteriostatic vs Bactericidal

❑Bacteriostatic: arrests 
the growth/replication of 
a microorganism

❑Bactericidal: kills bacteria 
(kill ≥ 99.9% or 3-log 
reductions after 18-24 
hours of incubation)
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Bacteriostatic vs Bactericidal
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But…

❑Classification is too simplistic(a drug may be bacteriostatic or 
bactericidal depending on the dose)

❑Microorganism-dependent

❑Similar efficacy for clinical infections(In other words ,the classification 
isn't of much value clinically. Actually many of the strongest and 
most effective antibiotics are bacteriostatic. Other factors may be 
more important like the immune system, drug concentration at site 
of infection, and underlying severity of the illness.



So why do we give bacteriostatic antibiotics if it doesn't kill bacteria? To 

aid the immune system and ease things for it. Mild Self-limited infections 

don't need antibiotics because the immune system will clear the 

microorganisms after a few days. Taking antibiotics will just speed the 

recovery time but is not essential.so we actually prefer not to give in this 

case because it might increase bacterial resistance.

 But what if the infection was severe like in pneumonia or meningitis? You 

have to give antibiotics to prevent severe long term complications(for 

example children with meningitis might develop hearing loss or seizures)





Effect of The Site of Infection on Therapy: The 
Blood–Brain Barrier
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1. Lipid solubility of the drug:

-Lipid-soluble drugs e.g., chloramphenicol and metronidazole

-low-lipid-soluble drugs: e.g., penicillin

-meningitis

2. Molecular weight of the drug:

-low molecular weight more ability to cross the BBB

3. Protein binding of the drug:

-amount of free (unbound) drug not the total amount of drug

4. ……. Susceptibility to transporters or efflux pumps: Antibiotics that have 
an affinity for transporter mechanisms or do not have an affinity for efflux 
pumps have better CNS penetration.



Penicillin is a large, bulky, charged molecule that has difficulty in crossing 
BBB. So even if penicillin was effective against a certain bacterium. If this 
bacterium is causing a CNS infection(like meningitis) then penicillin will 
face difficulty in reaching this bacteria and acting on it! That’s why they 
say the brain is one of the most difficult sites to treat!

Exam question!: Suppose that MIC was given for many antibiotics and 
you’ve found the most effective among them all but this most effective 
drug has difficulty in reaching site of infection due to its pharmacokinetics. 
Would it be your choice? Of course no!



In intestinal infections(gastroenteritis), we use antibiotics with poor absorption 
because we want the antibiotic to remain in intestines and not reach blood 
stream.



Patient Factors

Tareq Saleh © Copyright © 2018 Wolters Kluwer • All Rights Reserved

1. Immune system:

It is the immune system that does the main killing of microbes, antibiotics just help 
it!! So the immune system is more important than antibiotics!!

host defense system must ultimately eliminate the invading organisms.

- factors influencing immunocompetence: alcoholism, diabetes, HIV infection, 
malnutrition, autoimmune diseases, pregnancy, advanced age, 
immunosuppressive drugs. In patients with immunosuppression. You have to give 
stronger/more potent antibiotics for prolonged periods of time. An 
immunosuppressed  patient that has AIDS for example might have a different 
stronger antibiotic even if he gets infected with the same organisms normal 
people get!

2. Renal dysfunction(an antibiotic that causes renal toxicity must be avoided in 
people with renal dysfunction!)

Also, renal dysfunction may decreased excretion of antibiotic→antibiotic toxicity!!



Serum creatinine levels are frequently used as an index of renal function for 
adjustment of drug regimens. 

However, direct monitoring of serum levels of some antibiotics (for example, 
vancomycin, aminoglycosides) is preferred to identify maximum and/or minimum 
values and prevent potential toxicities.

 [Note: The number of functional nephrons decreases with age. Thus, elderly 
patients are particularly vulnerable to accumulation of drugs eliminated by the 
kidneys, even with normal serum creatinine levels. So you might use lower dose in 
elderly]



2. Hepatic dysfunction(same principle as above)

3. Poor perfusion(perfusion means blood supply, remember that it is the blood 
vessels that bring inflammation and immune cells!! So if there is poor perfusion 
few immune cells will come!So you have to give stronger antibiotics for 
prolonged periods and usually by IV)

Decreased circulation to an anatomic area, such as the lower limbs of a diabetic 
patient(because diabetes increase atherosclerosis), reduces the amount of antibiotic 
that reaches that site of infection, making it more difficult to treat. That why diabetic 
ulcers are difficult to treat, both the immune cells and antibiotic can’t reach!!

 Decreased perfusion of the gastrointestinal tract may result in reduced absorption, 
making attainment of therapeutic concentrations more difficult with enteral routes.



Patient Factors
5. Age(for example, a neonate has an immature kidney and so drug 

excretion will not be as that in the adult!, this will affect your 
choice of antibiotics)

6. Pregnancy(a drug might cross the placenta and be teratogenic or 
be excreted in breast milk!)

7. Risk factors for multidrug-resistant organisms:

- prior antimicrobial therapy in the preceding 90 days

- hospitalization for greater than 2 days within the preceding 90 days

- current hospitalization exceeding 5 days(bacteria are constantly 
exposed to antibiotics in the hospitals and so hospitals contain 
multidrug resistant bacteria like MRSA and pseudomonas)

- high frequency of resistance in the community/geographical area 
or local hospital unit (assessed using hospital antibiograms) (e.g. in 
Sweden it is ok to treat respiratory infections with amoxicillin, in 
Jordan no way! 99% of circulating bacteria are resistant to it and so 
we use an improved version of amoxicillin,”the amoclan”

- immunosuppressive diseases and/or therapiesTareq Saleh © Copyright © 2018 Wolters Kluwer • All Rights Reserved



The 4th point, poor perfusion, usually occurs in patients having 
diabetic foot, diabetes is actually a vascular rather than a 
metabolic disease with lots of vascular structures being damaged 
, if this occurs in the already far-away-from-heart  lower 
extremity vessels due to poor diabetes control, this will result in 
diabetic foot, a very difficult infection to treat!)
For you knowledge: severe infections are usually treated IV



Safety of the agent(from the 
book)

Penicillins are among the least toxic of all antimicrobial drugs because 
they interfere with a site or function unique to the growth of 
microorganisms. 

Other antimicrobial agents (for example, chloramphenicol) have less 
specificity and are reserved for life-threatening infections because of 
the potential for serious toxicity to the patient.

 [Note: Safety is related not only to the inherent nature of the drug but 
also to the patient factors described above that can predispose to 
toxicity.] 



Cost of Therapy: Is It Important?

Relative cost of some drugs used for the 
treatment of Staphylococcus aureus.
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Safety is much 
more important 
factor than cost!!
Don’t use a drug 
that is harmful to 
the patient just 
because it is 
cheaper!!



Unless the patient has contraindications to that 
drug, we use the cheapest drug possible بديهيا



Route of administration(from 
the book)

The oral route of administration is appropriate for mild infections that can 
be treated on an outpatient basis. 

Parenteral administration is used for drugs that are poorly absorbed from 
the Gl tract and for treatment of patients with serious 
infections(emergencies) who require maintenance of higher serum 
concentrations of antimicrobial agents. 

In hospitalized patients requiring intravenous (IV} therapy, the switch to oral 
agents should occur as soon as possible. 



Switching patients from IV to oral therapy when clinically stable has been 
shown to decrease health care costs, shorten length of stay, and decrease 
complications from IV catheters.

 However, some antibiotics, such as vancomycin and aminoglycosides, are 
poorly absorbed from the gastrointestinal (GI} tract and do not achieve 
adequate serum levels via oral administration.



Determinants Of Rational Dosing
A. Concentration-dependent killing
Clinically, you have to give to single dose
with highest concentration possible to 
get maximal benefit from concentration 
dependent antibiotics

We give concentration-dependent drugs 
by a once-a-day bolus injection/bolus 
infusion achieves high peak levels, 
favoring rapid killing of the infecting 
pathogen
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Determinants Of Rational Dosing
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B. Time-dependent (concentration-  
independent) killing.
Important note: Time-dependent killing 
means that at a certain drug concentration,
further increases won’t significantly increase 
the rate of bacterial killing.
Clinically, you have to use more frequent 
dosing to get maximal benefit from the drug. 
Dose amount by itself is not very important

We usually use extended infusions(for 3-4 
hours) and continuous infusions(24 hours) in 
time dependent
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In time-dependent killing, we don’t care about Cmax much.. So 
you have to use frequent dosing and whenever drug concentration 
falls below MIC you have to give another dose in order to keep 
plasma drug concentration above MIC for>60% of time.
So if you give treatment for about 8 hours, drug concentration 
should be above MIC for 5 hours!

e.g. if you give a dose at 12pm and the levels of drug fall below 
MIC at 6pm, you have to give another dose!



Are there drugs that work by a mix of time dependent and 
centration dependent killing? Yes

fluoroquinolones and vancomycin, work best by optimizing the ratio 
of the 24-hour area under the concentration-time curve to MIC 
(AUC24/MIC}. The AUC24 is the overall exposure of a drug during 
the dosing interval and takes into account the concentration as well 
as the time. 



Clinical correlates: meningitis diagnosis



Clinical correlates: pneumonia diagnosis



Determinants Of Rational Dosing

C. Postantibiotic effect =

occurs after levels

persistent suppression of  
microbial  growth that

Of 
antibiotic have fallen  
below the MIC.

Tareq Saleh © Copyright © 2018 Wolters Kluwer • All Rights Reserved



Some antibiotics(but not all of them) exhibit post-antibiotic effect. Concentration 
dependent drugs are very likely to have this effect.
Mechanism of post antibiotic effect:-
1. The drug accumulates away from the plasma(falls below MIC) but into the 

bacteria and tissue at the site of infection and gets concentrated there.(like 
aminoglycosides/flouroquinolones)

• Post antibiotic effect, along with less frequent dosing regimen, is an advantage 
of concentration dependent drugs.(actually post antibiotic effect contributes to 
less frequent dosing). You give a single high dose

1. The drug binds irreversibly with its target in the bacteria



Chemotherapeutic Spectra
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Chemotherapeutic Spectra

• Narrow-spectrum antibiotics:

Chemotherapeutic agents acting 
only on a single or a limited group 
of microorganisms.

Advantage: Won’t have any 
complications relating to killing of 
normal flora
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Chemotherapeutic Spectra

• Extended-spectrum antibiotics:

antibiotics that are modified to be 
effective against few gram-positive 
organisms and also against a few 
significant number of gram- 
negative bacteria
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Our understanding of antimicrobial spectra is based in penicillin. Penicillin 
covers gram positive bacteria. So when we modiefied penicillin to cover 
additional few gram negatives we called it extended spectrum



Chemotherapeutic Spectra

• Broad-spectrum antibiotics:

antibiotic that acts on both gram- 
positive and gram-negative 
bacteria in addition to atypicals

• Advantage: can be used in 
empiric therapy in life-
threatening infections or in 
polymicrobial infections

• Disadvantages: risk of multi-
drug resistance+ killing of 
microbial normal floraTareq Saleh © Copyright © 2018 Wolters Kluwer • All Rights Reserved



Combinations of Antimicrobial Agents
A. Advantages of drug combinations:

- synergism: combination is more

effective than either of the drugs used
separately.

- Unknown origin/empirical
- Organisms with variable sensitivityOrganisms that are already resistant: 

like TB, you can’t use one antibiotic because it won’t be effective

- A famous example of synergism is ampicillin+ gentamicin used to treat 
neonatal meningitis that is usually due to gram positives

B. Disadvantages of drug combinations:

- Interference in the mode of action:  bacteriostatic + bactericidal 
(bacteriostatic inhibits growth but bactericidal needs fast growth)

- selection pressure/antimicrobial  resistance
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So we’ve seen the advantages and disadvantages of using 
combinations/broad-spectrum against one/narrow-spectrum. So the 
question remains, if you’ve done your tests and found antibiotic 
susceptibility of the bacteria and have chosen your drug, Should you go 
for one or combinations?

General rule is just one single best antibiotic, you’ve already made sure 
bacteria is susceptible to this antibiotic so this one antibiotic will be 
effective+ you are minimizing adverse reactions on the patient and 
preserving the flora+ minimizing future resistance to antibiotics.

However, there are scenarios where you need to use combination 
Like in TB because the TB bacteria is multidrug resistant.



Prophylactic Use Of Antibiotics
“Prevention not treatment”
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Complications Of Antibiotic Therapy

A. Hypersensitivity

-ranges from mild skin rash to life-threatening anaphylaxis

Urticaria 
Drug: penicillin

Red man syndrome 
Drug: vancomycin, it 
is related to rapid 
infusion of the drug

Steven-Johnson syndrome(toxic epidermal 
necrolysis)

 Drug: penicillins, sulfa drugs. If a patient has 
history of steven johnson, don’t even think 
about administrating the drug again/rechallengeTareq Saleh © Copyright © 2018 Wolters Kluwer • All Rights Reserved



Complications Of Antibiotic Therapy

B. Direct Toxicity

C. Superinfections:

- mainly with broad-spectrum agents

- Overgrowth of opportunistic organisms(like clostridium difficile
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Sites Of Antimicrobial Actions
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Questions!
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