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Double peak phenomena

- Some drugs such as cimetidine and ranitidine, after oral administration
produce a blood concentration curve consisting of two peaks.

- The presence of double peaks has been attributed to variability in stomach
emptying, variable intestinal motility, presence of food, enterohepatic cycle or
failure of a tablet dosage form.

—O— Biaxin-XL: 2 x 500 mg q24h
—/A— Biaxin: 500 mg q12h
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Presystemic metabolism

Definition:

The metabolism of orally administered drugs by gastrointestinal and hepatic
enzymes, resulting in a significant reduction of the amount of
unmetabolized drug reaching the systemic circulation.

Gut wall metabolism
- This effect is known as first-pass metabolism by the intestine.

- Cytochrome P450 enzyme, CYP3A, that is present in the liver and
responsible for the hepatic metabolism of many drugs, is present in the
intestinal mucosa and that intestinal metabolism may be important for
substrates of this enzyme e.g. cyclosporin.
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Presystemic metabolism

Hepatic metabolism

- After a drug is swallowed, it is absorbed by the digestive system and enters
the hepatic portal system. It is carried through the portal vein into the liver
before it reaches the rest of the body.

- The liver metabolizes many drugs (e.g. propranolol), sometimes to such an
extent that only a small amount of active drug emerges from the liver to the
rest of the circulatory system.

- This first pass through the liver thus greatly reduces the bioavailability of the
drug.



Presystemic metabolism

Bioavailability
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Il Physical-Chemical Factors Affecting Oral Absorption

Physical-chemical factors affecting oral absorption
include:
A- pH-partition theory
B- Lipid solubility of drugs
C- Dissolution and pH
D- Drug stability and hydrolysis in GIT
E- Complexation
F- Adsorption



A. pH - Partition Theory

- According to the pH-partition hypothesis, the gastrointestinal epithelia
acts as a lipid barrier towards drugs which are absorbed by passive
diffusion, and those that are lipid soluble will pass across the barrier.

- As most drugs are weak electrolytes, the unionized form of weakly
acidic or basic drugs (the lipid-soluble form) will pass across the
gastrointestinal epithelia, whereas the gastrointestinal epithelia is
impermeable to the ionized (poorly-lipid soluble) form of such drugs.

- Consequently, the absorption of a weak electrolyte will be determined
by the extent to which the drug exists in its unionized form at the site of
absorption.



A. pH - Partition Theory

Membrane

)
[Ulg < k‘[ ]kt =~ [Ub
~ |r

pKa pKa

. \
[l [l

Blood - pHb

G-l Tract - pHg

Diagram Showing Transfer Across Membrane



<.l physicochemical properties 4 s A sGi factor 4 so b
pH- 11 ;e <~ u oral absorption L ,Ju ugu OleS s ;l;m decud
i uml,s Jipid solubility of the drug t.. s partition theory
drug stébility‘ hydrolysis in GIT. tue 3 dissolution and pH

Ll e G ) (Sae factors K < .complexation and adsorption
el gall alaisl

weak Li L Luie 45591 @l 158,230 L (o5 pH and partition theory G fas
weak lalies 535Syl Neutral . o 336 Tus Juts; weak bases Li L acids
unionized 41y ionized 1L salsu oS Sas ) Lalias sWeak base i acid
.unionized form JL; ionized 4L salsu 4 (Sas fOrm

s Lalias s UNIONIZEd ) sgut wall 1 g (e Jsa agie §rans I cre s
Organic 4L ... 1L Labuialiy Lsa slay Luie gyase I IONIZALION 11 lass

I e yeu S Laie ggage I UNIONIZEA ) Loy Cua o LIS 0y S

pKa Ji Henderson-Hasselbalch equation U . 3 s | sull @bsorption
weak L weak acid L aglel 6 Ll L () lub $oaan agitde s PH I

S Giual (asall ol gall lONization 41 lusa suatss @bsorption 41 Jsiu, base
“ S sl Basase (S Bagaae I PH U Le uniONized drhg Lo guic
.absorption Ji ,luis buie 3 oS

1l s membrane Ji 34, «f (Sae A 54 L L (o5 UNIONIZEd drug 4 Sla
OeSde 13] A lonized At a4 usu clia aas Lgie b Jaws ) (Sae gut wall
e €QUIlibrium G s cla UNIONIZEd L sSus < 1all Lase Laf &) Jsii LS
Jionized form 11 sy unionized. Unionized 1L slas ionized 4 cn

A YA (e 3ran A G 54 UNIONIZed form 41 .equilibrium cla ta) Sla

A (i ac sla liae 5o ala G Ul SLaie jiawn st Salas /MemMbrane
unionized form J Jsai 1, I0Nized I ;e o3 SJaan sk . Jial €quilibrium
A b ey 8 yatons sla Lulaall Leliasy .@DSOrPON & yumy 1, 06 5 505
residence time 1l 1ulL; 5,.< i< I surface area Ji ... 11 < .. intestine
J) ;e @cCIdiC < 1) ngm el sall olatel &l aclea, fACtOrs LIS gla uS Lgas
%100 Jnss 3o S JolS el iIntestinal wall



A. pH - Partition Theory

- The extent to which a weakly acidic or basic drug ionizes in solution in the
gastrointestinal fluid may be calculated using Henderson - Hasselbalch
equation.

** Weak acids (e.g. aspirin):
HA = H"™+ A

Ka — Qpr+ ® A 4- N [H+] o [A_]
QA [HA]

Dissociation Constant equation - Weak Acids

taking the negative log of both sides



A. pH - Partition Theory

—logKa = —log[H™"] — log A~
[H A]
Rearranging gives the following equation:
pKa — pH = log[U] log [HA]
1] A

Henderson - Hasselbalch Equation - Weak Acids



A. pH - Partition Theory

Weak Bases:

ﬂ = log HB]
U] | B]

pKa — pH = log

Henderson - Hasselbalch Equation - Weak Bases

Limitations of the pH-partition hypothesis:

-Despite their high degree of ionization, weak acids are highly
absorbed from the small intestine and this may be due to:

1- The large surface area that is available for absorption in
the small intestine.

2- A longer small intestine residence time.
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A. pH - Partition Theory

3- A microclimate pH, that exists on the surface of
intestinal mucosa and is lower than that of the luminal
pH of the small intestine.
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B. Lipid solubility of drugs

- Some drugs are poorly absorbed after oral administration even though they

are non-ionized in small intestine. Low lipid solubility of them may be the
reason.

- The best parameter to correlate between water and lipid solubility is
partition coefficient.

Partition coefficient (p) = [ L] conc / [W] conc

where, [ L] concis the concentration of the drug in lipid phase.

[W] conc is the concentration of the drug in aqueous phase.

- The higher p value, the more absorption is observed.
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C. Drug Dissolution

- Many drugs are given in solid dosage forms and therefore must
dissolve before absorption can take place.

Dissolution Absorption
Solid = Solution —= Blood

- If dissolution is the slow, it will be the rate determining step (the
step controlling the overall rate of absorption) then factors
affecting dissolution will control the overall process.



C. Drug Dissolution

- Drug dissolution is considered to be diffusion controlled process
through a stagnant layer surrounding each solid particle.

Solid ﬁ*; Bulk solution
drug L Well mixed
i Uniform _ o
Z{ cohcentration Diagram Representing Diffusion

Through the Stagnant Layer
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Unstirred layer.
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C. Drug Dissolution

- The dissolution of drugs can be described by the Noyes-Whitney
equation:

DeAe(Cs—Cb)
h

- Where D is the diffusion coefficient, A the surface area, Cs the solubility of
the drug, Cb the concentration of drug in the bulk solution, and h the
thickness of the stagnant layer.

Rate of Solution =

-If Cb is much smaller than Cs then we have so-called "Sink Conditions" and
the equation reduces to

DeAe(Cs
h

Rate of Solution =
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C. Drug Dissolution

Factors affecting drug dissolution in the GIT:
I Physiological factors affecting the dissolution rate of drugs:

- The environment of the GIT can affect the parameters of the Noyes-
Whitney equation and hence the dissolution rate of a drug.

A- Diffusion coefficient, D:

- Presence of food in the GIT——increase the viscosity of the
gastrointestinal fluids —— reducing the rate of diffusion of the
drug molecules away from the diffusion layer surrounding each
undissolved drug particles (d, D)

——— decrease in dissolution rate of a drug.



C. Drug Dissolution
B- Drug surface area, A:

Surfactants in gastric juice and bile salts > increase the wettability
of the drug =——— increase the drug solubility via micellization.

C. The thickness of diffusion layer, h:

An increase in gastric and/or intestinal motility =——> decrease the thickness
of diffusion layer around each drug particle —— increase the dissolution
rate of a drug.

D. The concentration, C, of drug in solution in the bulk of the
gastrointestinal fluids:



C. Drug Dissolution

Increasing the rate of removal of dissolved drug by absorption through the
gastrointestinal-blood barrier and increasing the intake of fluid in the diet
will decrease in C ————— rapid dissolution of the drug.

Il Physicochemical factors affecting the dissolution rate of drugs:

A- Surface area, A:

- The smaller the particle size »the greater the effective surface area
of drug particle ——— the higher the dissolution rate.
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C. Drug Dissolution

- Methods of particle size reduction include: mortar and pestle, mechanical
grinders, mills, solid dispersions in readily soluble materials (PEG's).

- However very small particles can

clump together. Therefore
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C. Drug Dissolution

B-Diffusion coefficient, D:

The value of D depends on the size of the molecule and the
viscosity of the dissolution medium.

C- Solubility in the diffusion layer, C_:

- The dissolution rate of a drug is directly proportional to its
intrinsic solubility in the diffusion layer surrounding each
dissolving drug particle.
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C. Drug Dissolution

D- Salts:

- Salts of weak acids and weak bases generally have much
higher aqueous solubility than the free acid or base.

- The dissolution rate of a weakly acidic drug in gastric fluid (pH 1
—3.5) will be relatively low.

- If the pH in the diffusion layer increased, the solubility, C; of
the acidic drug in this layer, and hence its dissolution rate in
gastric fluids would be increased.
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C. Drug Dissolution

- The pH of the diffusion layer would be increased if the chemical
nature of the weakly acidic drug was changed from that of the free
acid to a basic salt (the sodium or potassium form of the free acid.

- The pH of the diffusion layer would be higher (5-6) than the low bulk
pH (1-3.5) of the gastric fluids because of the neutralizing action of
the strong (Na*, K* ) ions present in the diffusion layer.

- The drug particles will dissolve at a faster rate and diffuse out of the
diffusion layer into the bulk of the gastric fluid, where a lower bulk
pH.



C. Drug Dissolution

- Thus the free acid form of the drug in solution, will precipitate out ,
leaving a saturated solution of free acid in gastric fluid.

This precipitated free acid will be in the form of:
- very fine,
- non-ionized,

- wetted particles which have a very large surface area in contact with
gastric fluids, facilitating rapid redissolution when additional gastric fluid
is available.



Drug Dissolution
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Drug Dissolution

- One example is the dissolution and bioavailability profiles of Penicillin V with
various salts.

80 - K Salt — K Salt
—~ A — Ca Salt
?Enso_ Ca Salt S, — Free Acid
= E 40- — Benzathine Salt
o S
S 5
= Free Acid 2 “window”
B 5 -
5% g \
Q Q
o . O ]
Benzathine Salt ——
0 | . I . ] L J L T L I c 1 ! 1 v 1 v 1 s I ¥ I ¥ |
0] 2 4 6 8 10 12 0 2 4 6 8 10 12
Time (hr) Time (hr)

These results might support the use of the benzathine or procaine salts for IM
depot use and the potassium salt for better absorption orally.
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Drug Dissolution

E- Crystal form:
1- Polymorphism:

- Some drugs exist in a number of crystal forms or polymorphs. These different
forms may have different solubility properties and thus different dissolution
characteristics.

- Chloramphenicol palmitate is one example which exists in three crystalline
forms A, B and C.

A =———is the stable polymorph
B = is the metastable polymorph (more soluble)
C = is the unstable polymorph

- The plasma profiles of chloramphenicol from oral suspensions containing
different proportions of
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Drug Dissolution

Polymorphic forms A and B were investigated.

-The extent of absorption of . Chloramphenicol
Chloramphenicol increases as the = | — 100 % B
Proportion of the polymorphic form E’m_ - fg;soo/oA
B is increased in each suspension. S

This is attributed to the more rapid %20_

Dissolution of the metastable §

Polymorphic form B.
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- Shelf-life could be a problem as the more soluble (less stable) form may
transform into the less soluble form (more stable).
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Drug Dissolution

2- Amorphous solid:

- The amorphous form dissolves more rapidly than the corresponding
crystalline form.

- The more soluble and rapidly dissolving amorphous form of novobiocin
antibiotic was readily absorbed following oral administration of an aqueous
suspension to humans. However, the less soluble and slower-dissolving
crystalline form of novobiocin was not absorbed (therapeutically
ineffective).

- The amorphous form of novobiocin slowly converts to the more stable
crystalline form, with loss of therapeutic effectiveness.
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