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A. Mechanisms of absorpﬁ_bh of drugs from the Gl tract

Y ’ : 1 oroparties, drugs may be absorbed frq
i ir chemical properties, drugs M . i
azp(ea'l‘ctjrlggt%r;tszgswe diffusion, facilitated dlﬁusmn, actwe \ranspon,
or endocytosis (Figure 1.6):

1. Passive diffusion: The driving force for p?s_sxz ‘:g?("mlon ot
" adrug is the concentration gradient across gs o dl'aune sepa.
~rating two body compartments. !r.\.ovt_hver wor e cog Moveg
- from aregion of high concentration to one ot 10 : ncentra.
iy ion. Passive diffusion does not involve a carrier, IS not saturable,

and shows a low structural specificity. The vast majority of drugs

are absorbed by this mechanism. Water-soluble drugs pena.

trate the cell membrane through aqueous channels or pores

e T X - ’ t biologic
. whereas lipid-soluble drugs readily move across most biolog
membra'nez;'due to their solubility in the membrane lipid bilayers

2. Facilitated diffusion: Other agents can enter thg_ cell through spe-
‘' cialized transmembrane carrier proteins that facilitate the passage
of large molecules. These carrier proteins undergo conformationa)
changes, allowing the passage of drugs or endogenous molecules
into the interior of cells and moving them from an area of high con-
centration to an area of low concentration. This process is known
- as facilitated diffusion. It does not require energy, can be saturated,
*and may be inhibited by compounds that compete for the carrier.

S B e A 3 Active transport: This mode of drug entry also involves spe-
: »"ﬁ.gl,ﬂgpméf - cific carrier proteins that span the membrane. A few drugs that
PN el closely resemble W’?ﬂwﬂm&m metabolites
are actively transported across cell membranes using specific -
carrier proteins. Energy-dependent active transport is driven by
the Rydrolysis of adenosine triphosphate. It is capable of moving
~ drugs against a concentration gradient, from a region of low drug
concentration to one of higher drug concentration. The process is
saturable. Active transport systems are

y other cotransported substances.
b -4_.7‘ Endocytosis and exocytosis: T:h‘i'sv type of ~absorption is used
0 tra;sportrdrugs of exceptionally large size across the cell
- Membrane. Endocytosis involves engulfment ot a drug by the cell
r'ﬁ‘e\mb’ran.e‘and transport into the cell B pinching oft the drug:
|~ filled vesicle. Exocytosis is the reve
.} cellsuseexocytosis to secrete su
o -~ asimilar process of vesicle form

bstances out of the cell '(hrougt(‘j |
| lar proc ation. Vitamin B, is transported
- across the gut wall by enaogyfﬁ it qurcians

Schematic representation of =

998 e gut: Sis, whereas certain neurotrans:
5 . mitters (for example, nore ine
rugs crossing a cell membrane.

P = adenosine triphosphate;

AN ) hrine) are stored in intracellulal- -
: ~vesicles in the nerve terminal a by ¢ g

nd released by exocytosis.

L N S S

Scanned with CamScanner

s SR selective and may be com- |
petitivgyimﬁ"—'_

everse of endocytosis. Many -

B. Factors

1.

Effe

acid

cau

‘We

ate
pre

BRSNSV ) S o I -

-




. ausing a charged anion

1\ | Absorptionof Drugs e

© Wea

a weak base, the unchar
‘membrane, but the protonated form

 the strength of the weak acid or

 The lower the pK, of @ arug,
 highérthe pK,, th

is achieved when the permea
 concentration in all body water spaces.

" more blood flow than the stomach, 50 absor
is favored over the stomac
- flow to cutaneous tissues,

in brush borders containing microvilli,

~ aréaabout 1000-fold that 0
drug across The intestine more efficient.

rs Influencing absorption

gffect of pH on drug absorption: Most drugs are either weak

acids or weak bases. Acidic drugs (HA) release a proton (H),
(A") to form: ' ngiee

; HA & H +A
« bases (BH" can also release an(H" However, the protori-

ated form of basic drugs s usually charged, and loss of & proton

BH' B+ H

~ produces the uncharged base (B):

ough membranes more raadily if it is uncharged

A drug passes thr
(Figure T-7). ThUS, for a weak acid, the unchargad, proton-
A~ cannot. For

te through membranes, and A" car
harged form B penetrates through the cell
A does not. Therefore, the

effective concentration of the permeable form of each drug &t its
absorption site is determined by the relative concentrations of the
charged and uncharged forms. The ratio between the two forms

n turn, determined by the _g_l;i at the site of absorption and by

is, |
base, which is represented by

the ionization constant, pK, (Figure 1.8). [Note: The pK, is a mea-
sure of the strength of the interaction of a compotnewittra proton. ‘

o Tnore acidic it 1. Conversely, the

“the morebasicTsthe drug. Distribution equilibrium
ble form of a drug achieves an equal

ated HA can permea

in;estines receive much
ption from the intestine

h. [Note: Shock severely reduces blood
thereby minimizing absorption from SC

Blood flow to the absorption site: The

administration.]

Total }su'rfvace;area a\iailablé for absorption: With a surface rich

the intestine has a surface
f the stomach, making absorption ofthe -

. WhenpH= pka,
[HA]=[A"] and
[BH*]=[B]

Woak hase

A. Diffusion of the
form of a weak aci
membrane. B. Diffusion of the .

nonionized form of @ weak base
through a lipid membrane.

d through a lipid

Vo mein An tha ambiant nH and nK ﬁf I‘Hn"dmn. ﬁﬁ; ;
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B e : 1, Pharmacokinetics, -
S ‘ ' gurface: If a drug moves VAR PO
t the absorption R S i
¥ cr,ontqg,t httla"c‘; ract very quickly, as can Lz W‘:;‘;‘-‘g&;%é’»};'. |
AR I absorbed. Conversely, anything e 8
thea, it is mfﬁt;']": o o_stomach to the intestine delays
transport O

: esence of tood
i f the drug. [Note: The prese!
the rate of absorption 0L 700~ = " 1 4 slows gastric emptying,
es the drug LEDS" iR
i'|r'1hthefsotrc;mgcgr33 tg::al::twt 2 meal is generally absorbed marg.
- Therefore,

slowiy] tein is a transmem

: : : in i -
p-glycoprotein: P-glycoproté ;

5. E;%l:i?;:';pz:t‘?%%remponsible for transporting varioug

i i ell membranes (Figure 1.9),
ules, including drugs, across € : .
:IK?: cexpressed in tigsues throughout the body, including the

i i i d brain capillaries, and is

iver, kidneys, plac a,-intestines, and d
:::o!ve in ¥ransportation of drugs fror_n tissues to t-)loli)d.Thaf ,‘ it
“oumps”. drugs out of the cells. Thus, in areas of‘ hig exP“rE?En'

- P-glycoprotein reduces drug absorption. In addition to transport-

ing many drugs out of célls, it is also associated with multidrug

resistance. .
C. Bioavailability :

% , - Bioavailability is the rate and extent to which an administered drug
Paure .. I | reaches the systemic circulation. For exadergg
Ifh&§'§$§r§§£$§iﬁ‘}§?nﬁ'ggc§§{?§| 15 .is-administered orally and 70 mg is abgorbe_d u.n'chg' ng ed, the bio
channel for the ATP-dependent availability i 0.7-or 70%. Determining bloavallabl_llty is |mpo.rtant‘for
pumping of drugs from the cell. _ calculating drug dosages for nonintravenous routes of administration.

1. Determination of bioavailability: Bioavailability is determined
by comparing plasma levels of a drug after a particular route
of administration (for example, oral administration) with levels 5
achieved by IV agministration. After IV administration, 100% of the . 5
drug rapidly-enters the circulation. When the drug is given orally,
only part of the administered dose appears in the plasma. By
plotting plasma concentrations of the mrsus time, the area
under the curve (AUC) can be measured. The total AUC reflects g
the extent of absorption of the drug. Bioavailability of a drug given

~ orally is the ratio of the AUC following oral administration to the
AUC following |V administration (assuming |V and oral doses are

- equivalent; Figure 1.10). e

2, Factors that influence bioavailability: In contrast to |V admin-

istration, which confers 1 g%lgipavailability, orally administered '
n undergo first-pass metabolism. This biotransformation,

~ Inaddition to the chemicaland physical characteristics of the drug,
~ determines the rat® and extenf to which the agent reaches the
- .Systemic circulation. : , N e

— B a,.’_rlrst-passﬂ hepatic met'abdism:'When'_a‘drug is"absorbéd f
Figure 110 . SEREL v i;".g";;gesﬁs_'tl@g. it en}er's the portal circulation before enter- -
Determination af tha miacai g o= 19 SysStemic circulation (Figure 1.11). If the drug is rap--
of;?égg.“xﬁ’éﬂﬂ'Ie,b_loavatlabﬂity i ~idly. metabolized in the ) g P

. JC = area under curve;
= intravenou R

2l avolized In the liver or gut wall during this initial

' temic circulation is decrea sl il Sl o
s nls cvife’.tl:»ree‘;sed.’Th.u;is_‘nrei.fe_r_re;i.tqas first-pass
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 metabolism. [Note: Firal-pags metaboliam by the intasting
“or liver limits the eflicagy ol many oral medications, For
example, more than B0% of miroglyeerin ia clearad during
first-pass metaboliam, Hence, T primarily adminiaterad
via the sublingual ot iangdarmal ute] Diugs with high
first-pass metabolism should be given in doses aufficlent 1o
ensure that epough aative drug reaches the desired sile of

v action, bt DS
b, Solubllity of the drug: Very hydrophilic drugs are poorly
 absorbed because of their inability 18 gross lipid-tich cell men-
branes, Pgmdaxlcally. drugs That are extremoly lipophilic_are
also poorly absorbied, bacause thoy "a7é “totilly nsoluble in
- aqueous body fluids and, thatefore, cannol gain access o the
surface of cells. For a drug to be readily absorbed, it must be
largely lipophilig, yet have some solubility In agueous solutions.
This is ona reason why many drugs are elther weak acids or

weak bases,

g Chemical Instability: Some drugs, such as penicillin G, are
unstable in the pH of the_gasiric contents. OIN&TS, Slch as
insulin, are destréyad in the Gl tract b{degradative enzymes,

e o gl

o

W rmm ™ e s st
A it TN R 2 NP

d. Nature of the drug formulation: Drug absorption may be
~ altered by factors unrelated to the chemistry of the drug. For
example, particle size, salt form, crystal polymorphism, enteric
coatings, and the presence of axeiplents (such as binders and

- gispersing agents) can influence the ease of dissolution and,
“therefore, alter the rate of absorption. :
W

D, Biosquivalence
 Two drug formulations are bioequivalent if they show comparable bio-
~ availabiity and similar times to achieve peak blood concentrations.
A Aoy

" E. Therapeutic equivalence
~ Two drug formulations are therapeutically equivalent if they are
~ pharmaceutically equivalent (that is, they have the same dosage
' form, contain the same active ingredient, and use the same route of
 ‘wuminstration) with similar clinical and safety profiles. [Note: Clinical
[_'_“éﬁecﬁv‘eness often depénds on both the maximum serum drug con-
. centration and the time required (after administration) to reach peak
- conpepltion. Therefore, m&g‘m\,gs that are bioequivalent may not
_ betherapeutically equivalent] o

V. DRUG DISTRIBUTION

- Drug distribution is the process by which a drug reversibly leaves the L
%&iﬁ@n and enters the interstitium gextracellmar\ﬂuid)' and the tis-
S08s. For dnigs administered |V.-absorption is not a factor, and the ini-
-&%gm@fﬁma%wy after agministration through the rapid fall in
iration] represents the distribution phase, during which the drug
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