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ADDENDUM ABOUT ACID-BASE CHEMISTRY  
This accompanies the video "Ionization and Absorption: Intro to Pharm" 
at my YouTube Channel:  http://www.youtube.com/taichiknees 

 
Review Question #1:  Do you recall how an acid or base is defined?  There are a variety of 
ways to define acids and bases but this one is the most relevant:  
 
When in an aqueous (water) solution, acids and bases are defined as: 

 
 Yay for confusing terminology?!  ! 
 
You might say, "Those look like the same exact equations except one is backwards."   
 
But look again:   An acid with its extra proton has NO charge (de-ionized).   
   A base with its extra proton IS charged (ionized). 
 
The ionization state of molecules is a HUGE deal in pharmacology.  This is because all 
the cells in your body have enclosing cell membranes made of lipids (fats and cholesterol).  
In order for drugs to be absorbed across these barriers, they have to be soluble in fat. 
Drugs that have no charge on them (de-ionized) are more lipid soluble, and thus can 
pass through membranes. 
 

Deionized = no charge = is neutral = lipid soluble  
 
On the other hand, to be carried around in the blood stream, or to be excreted by the 
kidneys, molecules must be water soluble.  Charged (ionized molecules) are more 
water soluble.  So water soluble forms of drugs must be charged.    
 

Ionized = charged = has a plus or minus charge = water soluble 
 
Now you might ask:  "Drugs have to be absorbed through membranes AND be in the blood 
stream? How can one drug be charged (ionized) AND not charged (de-ionized) at the same 
time?!"  The answer is that one molecule can switch between those states depending on 
the pH of the environment. 
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Review Question #2:  What is "pH"?  pH is just a measure of how many free protons (H+) 
are floating around in any given SOLUTION.   pH doesn't care what other stuff is in that 
SOLUTION, only how many free protons: 
 A low pH solution is an ACIDIC environment with lots of protons floating around. 
 A high pH solution is a BASIC environment one with very few free protons. 
 
I'm going to refer to SOLUTIONS or ENVIRONMENTS as ACIDIC or BASIC (in all caps) so 
as not to confuse them with the molecular property of being an acid or a base as defined on 
the last page.   
 
Review Question #3:  What is the difference between a "strong acid" and a "weak acid"? 
How "strong" an acid or base is depends on how completely it dissociates in water.  So a 
"strong" acid like hydrochloric acid (HCl) is almost 100% dissociated into H+ and Cl- in 
water.  This works out well in the stomach, where the acid is in fact, HCl.  So that means 
there are lots of free protons floating around all ready to be used in the stomach. 
 
That being said, most drugs are either weak acids or bases, which means they flop  
between their "With Extra Proton" and "Without Extra Proton" structures in aqueous 
solution. 
 

Whew! Enough high school chemistry!  Let's do some pharmacology! 
 
Imagine we have some aspirin, which has the molecular property of being a weak acid.  If it is 
an acid it means that the form with the extra proton is NOT charged.   
 
 
 
 
 
 
 
 
 
 
Let's give my patient, the otherwise healthy  
24-year-old Steve R., an aspirin pill to take P.O.    
This means he'll swallow it and it will plop into his 
stomach.  Aspirin is a weak acid, so in a watery 
solution it exists in two forms.    An acid form and 
a conjugate base form:  
 
 
But the stomach isn't filled with only water, it is also filled with hydrochloric acid and the pH is 
low (around 1.9).  When the pH of a solution is low, it is an ACIDIC SOLUTION, and it means 
there are lots and lots of free, notoriously slutty protons (H+) floating around wanting to join up 
with any molecule that they can find.  Protons see the two forms of Aspirin as "taken" or "not 
taken".   
 

SCIENCE FUN FACT!  Aspirin is defined as a weak acid because it has a pKa 
of 3.5.  That is, if you put aspirin into an ACIDIC SOLUTION that has a pH of 
about 3.5, half of the aspirin is charged, and half isn't.  You might remember 
this half-and-half business as leading you to the  "pKa", via the Henderson-
Hasselbach equation.  We aren't going to delve into this in detail for this 
introductory class, but you'll see it again later in your career… 
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So, the moment the aspirin hits the stomach's ACIDIC SOLUTION, every ionized aspirin hooks 
up with a proton leaving Steve with a stomach full of this:  
 
Now, almost every aspirin molecule is deionized, and is now lipid-soluble.  In fact, if you 
do the calculation (which we won't do here), in stomach acid there are about 100 times as many 
de-ionized as ionized aspirins!  So almost all of the aspirin will be easily absorbed!   
 
The upshot is that we can easily give acidic drugs orally, because when they hit the stomach, all 
that STOMACH ACID (full of free protons) will turn the acidic drug into a non-charged molecule 
and this de-ionized molecule is now easily absorbed across the stomach wall!    
 
Wait, we're not done yet!  Once the partnered acidic aspirin leaves the stomach it finds itself in a 
regular body cell's CYTOPLASM or in the BLOODSTREAM, both of which have a pH of around 
7.3-7.4, about like plain WATER.  In the watery, NEUTRAL cells and plasma, there aren't nearly 
as many protons floating around freely, and so the protons that hooked up with our aspirin will 
run off to hook up with some other molecule floating around, like bicarbonate or a protein.  I've 
drawn these other molecules below as little dark squares.  Protons don't care what they bind, 
they just want to hook up with a basic molecule.  So now in the bloodstream we have something 
more like this: 
 
 
 
 
 
 
 
 
 
 
In fact, at a pH of 7.4, there are 1000 times the amount of ionized aspirin molecules for every 
deionized form.  Now aspirin molecules are easily carried in the bloodstream and plasma where 
they can hook up with receptors.  (Who knew pharm was so sexy?) 
 
 
 

 
 
 
So, in our example, an acidic drug like aspirin is more easily absorbed orally because of 
STOMACH ACIDITY. Then when the aspirin hits the NEUTRAL BLOOD STREAM, which has a 
pH of 7.4, it will regain its charge, and thus become easy for the kidney to excrete.  

Take a deep breath and let me ask you:  What do you think happens 
to aspirin absorption when patients take over-the-counter antacids?  

Hint:  Antacids neutralize stomach ACID and make it more like water. 
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What about basic drugs? 
 
If we want to administer a basic drug we have two options: 

1.  We can administer the "conjugate acid" of that basic drug.  A basic drug (like 
propranolol, pKa 9.5) would be poorly absorbed in the stomach.  But its 
conjugate acid, in the form of "propranolol-HCl", is absorbed just fine.   

2.  We can just administer the drug parenterally or topically, (I.V. or inhaled) and bypass 
the whole business in the stomach. 

 
The take-home lesson: the acidic/basic properties of the drug molecule itself will determine how 
fast it is absorbed, how we can administer it, and how easily it is excreted by the kidney. 
 
 
  

 
 
 
A quick way to check your work is that, generally speaking:   
  

Acids are fat soluble and best absorbed through tissues in an ACIDIC ENVIRONMENT. 
Bases are fat soluble and best absorbed through tissues in a BASIC ENVIRONMENT. 
 
 

However, if you don't understand this business with acid base you're going to fumble on test questions 
and more importantly in real life with patients.    Come see me if you are confused about this stuff!   
☺ 
 

CRITICAL THINKING:  Novocain® is an old-fashioned 
drug that was popularly used by dentists to numb up 
gums before dental procedures.  How might they have 
improved absorption of Novocain® into those tissues?   
 


