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Source: Shargel S, Wu-Pong $, Yu ABC: Applied Biopharmaceutics &
Fharmacokinetics, Sth Edition: http://www. accesspharmacy.com

Copyright @ The McGraw-Hill Companies, Inc. All rights reserved.

Mean plasma or serum drug levels in healthy, fasting human volunteers (n = 6 in each case) who received single oral doses of aspirin (650-mg) tablets

Paracellular Optimal Largest Optimal log P
. resistance transcellular MW commercial
(Q em?) (Da) product
(MW in Da)
Ophthalmic 1012 <500 Cyclosporin 1.0-2.0
(cornea) (1202.6)
Ophthalmic (RPE) 2000 <400 Bevacizumab 0-5.0
(149 000)
Nasal 261 <1000 Salmon calcitonin 1.0-4.0
(3432)
Pulmonary 266 (bronchial) <500 Insulin (5808) -1to 4
<76 000
Buccal 1803 (buccal) <500 Buprenorphine 2-4
(467.6)
Small intestine 211-266 <500 Cyclosporin 1-5
(1202.6)
Rectal 406 <300 Ergotamine 0-5
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Membrane Paracellular Optimal Largest Optimal log P
resistance transcellular MW commercial
(Q em?) (Da) product
(MW in Da)
Blood-brain 2000 <400 Amphotericin B 0-5
barrier (924)
Intramuscular <67 000 Immunoglobulins NA
145-160 kDa
Subcutaneous <67 000 Immunoglobulins NA
145-160 kDa
Intravenous <67 000 Immunoglobulins NA
145-160 kDa
Skin 9703 <500 Tacrolimus (822) 1.0-4.0
Transdermal 9703 <400 Buprenorphine 2.0-4.0
(467.6)
18-17 U s dysm 9

Site Surface area Fluid volume available for dmgl Relative enzyme activity
dissolution, pH
Intravenous Capillary bed in target tissue 95 mL/minute (median cubital Moderate
vein), 7.4
Intramuscular Capillary bed in muscle tissue 0.15-0.2 mL/qg tissue, pH 7.4 Moderate
Subcutaneous Capillary bed in subcutaneous 0.15-0.2 mL/g tissue, pH 7.4 Moderate
tissue
Oral cavity 100-200 cm? 09-1.1 mL, pH 58-74 Moderate
Stomach 0.1-02 m? 118 mL, pH 1-35 High
Small intestine 100 m* 212 mL, pH 50-7.0 High
Large intestine 05-1 m? 187 mL, pH 6.4-7.0 Moderate
Rectum 200-400 cm? 2-3 mL, pH 7.0-7.4 I Low I
Nose 160 cm? Airway surface liquid 0.7-7 pl/cm? Moderate
pH 55-7.4
Lungs >70 m? Airway surface liquid 0.7-7 pl/cm? Moderate
alveolar surface liquid approx.
0.02 ul/cm?, pH 6.6-6.9
Skin 173 m* Negligible (water is 10-20% of Moderate
stratum corneum by weight), pH
42-56
-17 <l 4
Vagina 65-107 cm? 18-17 b= T}ﬁ?uhour premenopausal Moderate 10
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Absorption (<l<iay)
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. ¢l gall
Absorption can be defined as the movement of active drug

(or prodrug) from the site of administration across biologic
barriers into a site where it is measured in the blood

sl il sl
Bioavailability: can be defined as the fraction of
administered drug that reaches the systemic circulation
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Route Dosage forms - Administration Absorbing Onset
drug delivery membrane
systems
Intravenous route Aqueous Places drug Capillaries in Within 60s
solutions, solution directly target tissue
emulsions in a vein
Intramuscular Aqueous Places drug into Capillaries in 15=30 minutes for
route solutions, oily one of the larger muscle and target aqueous solutions
solutions, muscles: deltoid, tissue
suspensions vastus lateralis or
gluteals
Subcutaneous Aqueous Places drug under Capillaries in 15=60 minutes for
route solutions, the layers of the muscle and target aqueous solutions
suspensions, skin tissue
implants
Sublingual Tablets, solutions, Placed under the Sublingual 1-3 minutes
aerosols tongue mucosa
Buccal Tablets, lozenges, Placed between Buccal mucosa 2-3 minutes
chewing gum the cheek and
gum
Oral Tablets, solutions, Swallowed Mucosa of the 30-60 minutes for
suspensions small intestine immediate release
18-17 bl a5 4y n dosage forrt§
Route Dosage forms - Administration Absorbing
drug delivery membrane
systems
Rectal Suppositories, Placed in the Rectal mucosa
ointments, rectal cavity
creams, solutions,
suspensions,
foams
Vaginal Suppositories, Placed in the Vaginal mucosa Slow for systemic
creams, gels, vaginal cavity effects
tablets, rings
Skin (trandermal) Patches, Applied to Stratum corneum 1-4 hours
ointments, gels thinner skin
surfaces (trunk,
upper arm,
abdomen)
Nose Aerosolized Applied to the Respiratory or Within 10 minutes
solutions or anterior turbinate olfactory mucosa
suspenions area
Lung Aerosolized Inhaled to Respiratory Within 5 minutes
solutions, bronchiolar and mucosa
¥ = EA7LE )al TENPTS 16
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Route and dosage form Onset Duration

Sublingual tablet or spray 2 minutes 30 minutes

Buccal extended release tablet ~ 2-3 minutes 3=5 hours

Oral extended release tablet 1 hour Up to 12 hours

Intravenous solution (push) 1=2 minutes 35 minutes -
. ;

Transdermal ointment 30 minutes 3 hours @

Y
Transdermal patch 60 minutes 12 hours
18-17 bl a4y 17

FACTORS AFFECTING DRUG
ABSORPTION
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2
Tasie 1 Factors Influencing Bioavailability @
Physiological factors Pharmacokinetic factors
Membrane transport Gl and liver metabolism (first pass
GI motility effect)
Stomach emptying Chemical instability
Disease state Absorption
Formulation Distribution and elimination
Crystal form (polymorphism) Physicochemical properties
Particle size Lipophilicity
Absorption enhancers Solubility
Dissolution rate Degree of ionization (pK,)
Solution, capsule, tablet, or other Molecular size and shape
Hydrogen-bonding potential

FACTORS AFFECTING DRUG
ABSORPTION
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Passive transport (downhill transport) Active transport (uphill transport) Jj-‘d‘ M\
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Figure 5-4. Classification of membrane transport mechanisms. Red circles depict the substrate. Size of the circles is proportional to
the concentration of the substrate. Arrows show the direction of flux. Black squares represent the ion that supplies the driving force
for transport (size is proportional to the concentration of thejignBlue avads depict transport proteins. 27
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Log partition coefficient is the log of the drug concentration in octanol divided by the
drug concentration in water.

Log P provides the pharmacist an appreciation of the drug's partitioning preference.

A positive log P tells us that more drug has moved into octanol
A negative log P tells us that the drug has partitioned more into water.

The log P of an ionizable drug is understood to be for the unionized form.

Log D Is the partition coefficient for the combination of ionized and unionized forms
of a drug at a specified pH.

Using the United States Pharmacopoeia definition of water solubility (greater than
3.3% in water), compounds with ajlog P less than 0.5 are considered water soluble.

Compounds with a log P of 0.5 or greater are considered water insoluble| Although
log P is used in some instances to predict water solubility, its significance lies in its
ability to predict partitioning into, piological membranes.

30
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Transport of a drug by diffusion across a membrane such
as the gastrointestinal mucosa is governed by|Fick's law: |
dM Dk
dt ~h

where Mis the amount of drug in the gut compartment at time
t. Dy, is diffusivity in the intestinal membrane. Sis the area of

— (G — &) (11-43)

the membrane. K is the partition coefficient between mem-
brane and aqueous medium in the intestine. /1is the membrane
thickness. (g is the concentration of drug in the intestinal
compartment. and C; is the drug concentration in the plasma
compartment at tume £. The gut compartment 1s kept at a high
concentration and has a large enough volume relative to the
plasma compartment so as to make (; a constant. Because
Cp is relatively small. it can be omitted. Equation (11-43)
then becomes

dM  DynSKC,

— 11-44
a ( )

1
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Rate of drug absorption

1 1 1 |
Concentration of drug

Source: Shargel 8, Wu-Pong $, Yu ABC: Applied Biopharmaceutics &
Pharmacokinetics, Sth Edition: http://www. accesspharmacy.com

Copyright @ The McGraw-Hill Companies, Inc. All rights reserved,

Comparison of the rates of drug absorption of a drug absorbed by passive diffusion (line 4) and a drug absorbed by a carrier-
mediated system (line 8).

2. Syrup dosage forms must be:
(a) Sterile

(b) Resistant to microbial growth 333

(c) Sterile and resistant to microbial growth
(d) Prepared as powders for reconstitution just prior to use
3. Liberation from a dosage form refers to:

(a) Movement of the drug across the epithelial barriers it encounters and into the
blood stream

(b) The application of a dosage form to an absorptive site

() Movement of the drug from interaction with elements of the dosage form to
interaction with molecules of biological fluid

(d) Termination of drug activitys-17 <.~ 5= 42
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Dosage form Drug particle size range (um)

Ophthalmic suspensions <10

Oral suspensions 10-50

Parenteral suspensions 0.5-25 o '
£

Parenteral dispersions for intravenous use 0.1-05 2 @

(emulsions, liposomes, nanoparticles) USP G A

Aerosols for the lung 1-5

Tablets and capsules, immediate release <50

Topical aerosols 50-100

Topical emulsions <50

Topical suspensions oy a\s\ﬁljoiig 43
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a. Volume of meal 43 axa

b. Composition of meal 4wkl 4 gl i s<a

c. Physical state and viscosity of meal 4\
alakal) da 931 Aily S0

d. Temperature of meal “3) 3 a

e. Gastrointestinal pH b sl 4a

f. Electrolyte and osmotic pressure A sl kil

g. Body posture awall &maj

h. Emotional state 4kl AL

i. Disease state 4 ol Al

j. Drugs 4%
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Table 12.1 Factors that affect rate of stomach emptying

Increase rate Decrease rate
Empty stomach Food in the stomach
Low viscosity Higher viscosity
Higher pH Lower pH

Isoosmotic
Fewer calories
Low fat

Larger volume

Hyper- or hypotonic
More calories
High fat

Small volume

47 18-17 bl a5 4 gn

Table 13.5 Factors Influencing Gastric Emptying

Factor

Influence on Gastric Emptying

Volume

-

The larger the starting volume, the greater the initial rate of emptying, after this initial period,
the larger the original volume, the slower the rate of emptying.

2.|Type of meal

| Fatty acids Reduction in rate of emptying is in direct proportion to their concentration and carbon chain
seen in chain lengths greater than 10 carbons (decanoic to stearic acids).
I Triglycerides Reduction in rate of emptying; unsaturated triglycerides are more effective than saturated
ones; the most effective in reducing emptying rate were linseed and olive oils.
Carbohydrates Reduction in rate emptying, primarily as a result of osmotic pressure; inhibition of emptying
increases as concentration increases.
Amino acids Reduction in rate of emptying to an extent directly dependent upon concentration, probably as

a result of osmotic pressure.

3.|Osmotic pressure

Reduction in rate of emptying to an extent dependent upon concentration for salts and
nonelectrolytes: rate of emptying may increase at lower concentrations and then decrease at
higher concentrations.

4.|Physical state of Solutions or suspensions of small particles empty more rapidly than do chunks of material that
gastric contents must be reduced in size prior to emptying.
5.|Chemicals

I Acids

Reduction in rate of emptying dependent upon concentration and molecular weight of the acid;

lower molecular weight acids are more effective than those of higher molecular weight (in
order of decreasing effectiveness: HCI, acetic, lactic, tartaric, citric acids).

Alkali (NaHCO,)

Increased rate of emptying at low concentrations (1%), and decreased rate at higher
concentrations (5%).
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Drugs

Anticholinergics

Reduction in rate of emptying.

Narcotic analgesics

Reduction in rate of emptying.

Metoclopramide

Increase in rate of emptying.

Ethanol

Reduction in rate of emptying.

.| Miscellaneous

Body position

Rate of emptying is reduced in a patient lying on|left side.

Viscosity

Rate of emptying is greater for less viscous solutions.

Emotional states

Aggressive or stressful emational states increase stomach contractions and emptying rate;
depression reduces stomach contraction and emptying.

Bile salts

Rate of emptying is reduced.

Disease states

Rate of emptying is reduced in some diabetics and in patients with local pyloric lesions
(duodenal or pyloric ulcers; pyloric stenosis) and hypothyroidism; gastric emptying rate is
increased in hyperthyroidism.

Exercise

Vigorous exercise reduces emptying rate.

Gastric surgery

Gastric emptying difficulties can be a serious problem after surgery.

From , with permission.
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(G) pH and surface area of GIT:

mouth-pH6.8.small surface
area.lipophilic.neutral
&basic drugs absorbed
directly in circulation

stomach - pH 1-3.not too large
surface area.lipophilicneutral
&acidic drugs absorbed but
lesser extent than small intestine

smallintestine-pHS

-7 5.very large surface
area.all type of drug get
absorbed, major site of
drug absorption

drug absorbed
into systemic
circulation

Inver - major site for
drug matabolism. \

bile - pH7 5-8 6.aids
absorption of lipophilic
drugs.route for actve
secretion of polar
drugs/metabolites

large intestine - pH
7.9-8.small surface

area. all types of
drugs are absorbed
butto lesser extent

rectum - ph 7.5 -8. much
smaller surface area.all types
A —————— Of drugs are absorbed about
half of the absorbed drug

f goes directly to systemic circul

I .
1847 Al i




27/09/2018

'.; : sl (3

a)) -infants :
gJAﬁ\ Gl g e laall Gh.u ‘ :\.ALG LAJAAJ\ 3.;).:
Ol e A3 jlea alaiay)
gaall 18 a0 oo @il Galaiel dind 1 G giaal) -
da e i ad 9 s gadll (3841l g aluaial) i (el
sai by Achlorhydria sl JslS (aea (ail
L ALBA plaal) B o) o)

18-17 il a5 45 61

4 sl Jal g2l
clinical factors

Disease ual Y u
Drugs 4:5Y) m

18-17 il a5 45 62




‘ : Diseases U2l ¥ (1
20 A D OsiS )l a pa
& disa -
A gral) anall AS all (all
ssadll Levodopa s i palaia) -
Levodopa solution st} -
Balaall 4y a1 g Allal) 45N QLESY) Cilalilaa () gadiiien i 30
s Gladll
Imiprimine, Amitriptyline,Nortriptyline -
Phenothiazines -
34 pal) Lamal) 48 Al ElEANS o il oSl Baliaa Aty il il
£ 9l cilaiia dald g 4y g2l palaia) A g g2a M) s
18-17 bl a5 &y 5 JJﬂ‘ a-“'éhe(SS

43,518 9 M) 2 e m

:Achlorhydri patients

sarall 8 pmaall 8K 8 o) -

sall L1 Olail Jal e 55 szl (aeall -
Usia )

ol ) A 4 9I8H dapal) 3 4y 50Y) (e el 3G
e aen 2 g Y Ladie Bamall A dlaie pe (Camaia
coaiad Y Jull g S

Sall Gl Y 4 0l s3] Apaldl JIKEY) jass Y -
Weak basicity sl 4ot G o 5y

18-17 il a5 45 64

27/09/2018

32



27/09/2018

. Dapsone, ketoconazole,Itraconazole =
)50 asmy Ja b Lalaial Bl moai Ly
. Achlorhydria

oall Gl dallee (8 deadiidl V) Jaadiom
Qg Addae albfie Jla pameall (o) choa)
A pabaial e s Las J g3 e gl

dpdanl) &l gpdiall g ¢ ¥ S ¢ JE juas slbe) S m
Apdas Aot dtlial) Ay ga) (lany alialial

18-17 il a5 45 65

» Achlorhydric patients may not have adequate production of
acids in the stomach; stomach HCl is essential for
solubilizing insoluble free bases.

» Many weak-base drugs that cannot form soluble salts will
remain undissolved in the stomach when there is no
hydrochloric acid present and are therefore unabsorbed. Salt
forms of these drugs cannot be prepared because the free
base readily precipitates out due to the weak basicity.

» Dapsone, itraconazole, and ketoconazole may also be less
well absorbed in the presence of achlorhydria. In patients
with acid reflux disorders, proton pump inhibitors, such as
omeprazole, render the stomach achlorhydric, which may
also affect drug absorption.

m Co-administering orange juice, colas, or other acidic
beverages can facilitate the absorption of some medications
requiring an acidic environment.
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According to the Henderson—Hasselbalch equation, n Blood of pH
7 4 the percentage of a weak acid (pK, = 3) available in the ionised
form will be equal to:

pH = pK; +log ([A™]/{HAD

0 99.9 |

A

[d none of the above

A Q0935 )
B D956 log([A™}/IHA]) = pH—pKa = pH ~ pKo = 7.4 —3 = 4.4
C D 984 [A i ]/[HA] = unti|09(4.4) — 25119

D

E

@27 According to the Henderson-Hasselbalch equation, in blood of
pH 7.4 the percentage of a weak base [pK, = 5} available in ionised
form will be equal fo:

pKo = pH +log[BH"]/[B]

Q 93.5 log [BH*]/{B] =pKa—pH=5~7.4 = —2.4
Q95.6 [BH*]/[B] = 0.004

a 98.4

Q999

mlo O ™

3 none of the above

pka, pH (= 4834 - 3 Henderson and Hasselbalach ihtae Jeats

Al i geall

0= 22— A1 _ 1(pH-pka)
Ratw',@‘m‘[“]“w pka

:M.\.!..al’._' IJ...)J

0= 20 _ [RNH] _ 4 (pH-pka)
Ratio = = eE 10
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