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DOSAGE FORM DESIGN:
BIOPHARMACEUTIC
# AND PHARMACOKINETIC

" CONSIDERATIONS

Chapter at a Glance

General Principles of Drug
Absorption
Passive Diffusion
Specialized Transport Mechanisms
Dissolution and Drug Absorption
Surface Area
Crystal or Amorphous Drug Form
Salt Forms
Other Factors
Bioavailability and Bioequivalence
FDA Bioavailability Submission
Requirements
Blood (or Serum or Plasma) Concentration-
Time Curve
Parameters for Assessment and Comparison
of Bioavailability
Peak Height
Time of Peak
Area Under the Serum Concentration Time
Curve
Bioeguivalence of Drug Products

Routes of Drug Administration
Oral Route
Dosage Forms Applicable
Absorption
Rectal Route
Parenteral Route
Dosage Forms Applicable
Subcutaneous Injections
Intramuscular Injections
Intravenous Injections
Intradermal Injections
Epicutaneous Route
Ocular, Oral and Nasal Routes
Other Routes
Fate of Drug After Absorption
Drug Metabolism (Biotransformation)
Excretion of Drugs
Pharmacokinetic Principles
Half-Life
Concept of Clearance
Dosage Regimen Considerations

As DISCUSSED in the previous chapter, the biologic
response to a drug s the result of an interaction be-
tween the drug substance and functionally impor-
tant cell receptors or enzyme systems. The response
is due to an alteration in the biclogic processes that
were present prior to the drug’s administration, The
magnitude of the response is related to the con-
centration of the drug achieved at the site of its ac-

tion. This drug concentration depends on the dosage
of the drug administered, the extent of its absorp-
tion and distribution to the site, and the rate and ex-
tent of its elimination from the body. The physical
and chemical constitution of the drug substance—
particularly its lipid solubility, degree of 1oruzation,
and molecular size—determines to a great extent
its ability to effect its biological activity. The area of

101
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shiudy eenbiading this zelationship. between, thi
phisical, chemical, and biological scences a4 they
apply todrugs, dosage forme andto drug action has
been tiven the descaptive teom blopharmacentics,

In general, fora drugtoexert its biologie effect it
must be bansported by the body Huids, traverse
the required biologic membrane barrers, escipe
widespread distribation to unwanted areas, endume
saetabolic attack, penetiate in adequate concentra:
tion th the sites of action, and Interact it 4 specific
fashion, cavsing an slteration of cellular Function, A
simplified diagram of this complex serfes of events
betweent a drug's administration and (s elimina-
tior is presentedan Figure 4.3

The abserption, distribution, blotranstormation
(metabiolism), and elimination of 2 drug fom the
bivdy are dynamic processes that continue from the
tme a drug is taken until all of the drug has been
removed froam the body, The rates at which these

w2 Dasupe Form Desion: Biopharmaeauit and Phirmacolanstic Considenntions

processes ocour affect the oret Intensity and fhe
duration of the deags serivity within the body The
area of study which eludidates the thne course of
drug concentration in the blood and tissues s
termed pharmacokinetis, Tois the study ot the la-
rietics of absorption, distribution, metabolism and
excretion (ADME) of drogs and their comrespond-
ing pharmacologic, therapeitic, of toxc response
in animals and man. Further since one diie may
alter the absorption, distribution, reetabolisme or
excretion of another deug, phammacokinetics alsg
pnay beapplied in the study of interactions between

gs.

Once 4 drog 1s administéred and drug absorp-
ton beging, the ‘drag doss not remain in g single
body location, buk rather fs dishributed throughout
the body until its altimate elimination. For n-
stance, following the oral admidisativn ofa dug
anicd its entoy into the gastrintestinal trach, 3 por-

Ciral
administration

Gastrointestinal
tract

| Intravenous | £
| Injection ‘ O
§ ] i LB 31 m i
systems | @ |
L as | e |
‘ Drig Q
- e O W
| Intramuscular §
injection
\ Metabolic
Tissues sites brg
Subculdansous -
Injection metaboliies

Pl a8 Schemutic representaton of eonts of absorplion, imetabiolisn, and excrehon of drugs after thely admintsbaiion by v

Tous wolibes,
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nonot the drug is absorbed into the dreulalory sy
e froi which it distribuited to the vardos other
body Bulds, tissves, and organs. From these sies
the drag may e to the circulatory system ang
b excreted through the kidney as such or the drig
muay be metabolized by e Dver orother eellilar
sttes angd be exreted w5 menbolites. As shown
in Bimue 4.7, diugs sdminisiered by inbravenous
injection dre: placed: directly dnto . the creldatory
system, thipreby avoiding the absorption process,
which s reguived from all other routes of adminis-
raton forsystemic effects.

The varions body locations towhich a drugtray-
alamay beviewed as separate compaitments; each
rontaining some faction of the administered dose
of deig The frangfer ofdrug from the blood to other
body locations is generally a rapid process and is
reversible: that s, the drig mayv diffuse back into
the circilation: The ditg in the blood therefore s
fsts i equilibrium with the drug in the other com.
parteniiis, However, in this equilibrium state, the
concentration of the drug n the blood may be giiite
different (preater or lesser) than the concentration
of the drig in the other compartinents. This is due
largely to the physiochemical properties of the drug
and frs resttltant ability to leave the blood and fra-
verse the :bm!mgif:al membranes. Certain drugs may

leave the circulatory system rapidly and completely,
whereas other drisgs may doso slowly and with dif-
HBeulty. A number of drugs become bound to blood
proteing, particularly the albumins, and only a small
fraction of the drug administered may actually be
found at locations outside of the circulatory system
at a given time. The transfer of drug from one
compartment to anather is mathematically asso+
riated with a specific rate constant describing that
particular transfer. Generally, the rate of transfer
‘mf a drug from one compartment to anothet is
proportional 1o the concentration of the drug in
the comparment from whtich it exits; the gmm
the concentration, the greater is the amount of
dug transfer.

Metabolism is the major process by which foreign
suhmmmm, including drugs are eliminated from the

I the process of metabolism a drug substance
may be biotansformed into pharmacologivally ae-
tive o inactive metabolites. Ofters, both the dmg
substance and its metabolite(s) are active and evert
phammacologic effects. For example, the antiandety
drug prazepam (Centrax) metabolizes, in part toiox.
szepiam (Serax), which also has anflansety effects:
In some Instances a pharmacologically inactive drug
{termed 2 prodrug) sy be adminsiersd for the
Yo effects of its aclive metabolites. Dipivelrin,

posed of a single layer m’ cells, ag th hmﬁmﬁ ﬁp»

‘ﬁmmr&e thegasmmmunw mbrary ‘{p

Bosage Form Distigic Dlopheirrsiautic and Pharmacokinelic Constderations s

for exarrpie. 15 a prodiug of epinephrine formed by
the estenification: of epinephrine and pivalic add
This enhances the lipophilic character of the drug;
aiid as a'consequence s penelration indo'the ante-
vior chamber of the eve 817 Hmas that of épimeph
tine, Within the 2ve, dipivefin HUL s corwerted by
engymiatic hydrolusis b epinephrine,

The metabolism of & drag o nachive products &5
vsually an imeversible process which culminates in
the sxeretion of the drug From the body ustallyyia
the urine. The pharmacokineticist iay caleulate an
elimination raté constant (termed k) for a diug
tirdesenbe s vate of elimination from the body,
The term elipdnation refers 1 both metabolism
and excretion For dragsthat are administersd -
mavenously, and. therefore involvie Tio absorpiion
process, the task 1s much less complex than for
drgs administered orally or by other routes. Inthe
latter insbances, deug absorption and diug slimina-
Hon Are decurning simultaneonsly but at differert
tates,

General Principles
of Drug Absorption

B@Eore an administered drug mn mw atitesite

Mmﬂy g sucesssion of biol mgﬁ ran
as those of the gastrmnmmmﬁ epithelinn, hungs,
bloed, and brain. Body membranes are generally
classified as three main types: a) ¢ ‘ :
bEseveral layexs of cells, as

ithelinrm; and (c) those of less mhan
ness, 25 the membrane of a &
instarices a drug substarice: must
orie Mww membrane W )

¢

ath, smiall and large intestine), gain enhtrance into
the general circulation, pass to the organ or tissue
with which it has affinity, gain entrance into that
tissue, and thed enter into its individual cells.

Although the chemistry of body membranes
differs one from another, the membraries may be
viewerl in general as a bimuleculat Tpoid b
containing) laver attached vn both sides fooa pro-
tein layer. Dirugs are thought to penetrate these bi-
ologic membranes in two general ways: 1) by pas+
sive diffusion, and 2 through specialized transport
miechanisms. Within each of these main rategories;
miore clearly defined processes have been ascribed
to v transfer
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Passroe Diffusion

Thioterm pisiioe diffision 15 vsed to desdiibe the
pussage of {dnu) maolecles through 4 membyane
which behetes inertly i that 1t does not actively
participate in the process. Dnags absarbed aceord-
ing to this method are said 1o be passely absorbed.
Thieabsorphon process is driven by the concetite:
Hen gradient fLe; the differences in eqncentration)
existing doross the menbrane with the passage of
drup molecules oowring primarily fom thé Side ol
High drag concentrabion. Most drugs pass Hhaoush
binlogic miembranes by ditfusion.

Passive ditfusion 18 described by Fieks Bret foe,
which srares that the rate of diffusion oy fanspon
agross & sembrane {dcdl) i proportional to the
differenpe i drug concentration oi-both sides of
thirrmembane:

e
ndt*Pg% &

Wil O and O, refer to the deug condenirations
ti each dide of the membrane and P 5 perme-
abiliby conflieient or constant. The teon O is.cugs
tomarily used to represent the compartment with
the greater concentration of drug and thus the
transpart of drug proceeds from compartment one

Becanse the concentestion of drag at the site of

sbsarption {C,} 1s uswaily much mama:‘ han

i thee

t&jm‘mz ot the he blood and its Mmqwm
dishibution to the tissues, for practical purposes
the value of €, ~ C, may be taken sinply as that of
¢, and the mm fren in the standard form
fmr a first order rate muamn

=Py
Th thm& festinal mhmryhnn of ot druigs from

urs this marmerm ‘mmlmm th

#
‘simg mmmmmm i tir:mhlmg tb%ﬁ x:ﬁmm wx;{mmhﬁm
i rate. The magnitude of the permeabil-
ty constant, depends on the diffusion coefficient of
the drug, the thickness and area of the sbsorbing
metnbrane, and the permeability of the embrane
to the particilas drug

Because of te hpowd st of the well mien-
brane, 6 08 highly permeable o lipid soluble sub-
srances The vie of difbasion oF a dragscross the
membrane depentls ool unly upon IS voncent:
foy bt also Lon the relative exient ol s attinity
for lipid and retection of water (4 high Tisid partition

idrugs than to their ionized

bsarption site) to compartment Wo (88, ppihe preaterlipid sohubility of the unionized forms

oo Also, ions mm byt

ciation :
particles’ than Hie mmmm&mmﬁ ‘

osfficient). The greater s allinity foc lipid and the
more hydrophobic it i, the faster will beits rate ol
penettation into the lipid=rich membrane. Bothie-
mrivein base, for exampls, possesses & Righer parii-
femcosificient than other erythromycin compounds,

g, sstelate, sluceptate. Consenpently, the base s
thes preferred agent Forthe lopical ireatment el acne
whete penstration into the skin 8 desivetl,

Recause biclogic cells mre aleo peroweated by

mid-insohible substances, s thoneht
that the m@m alss contping waterdilled pores
for chanmels that permit the passege of these types
of substances, As vater pusses in ik porost 2
porous membrane, any dissolved solute molecu-
larly small enough to traverse the pores passes m
by filvirtion. Acueous parks bary in size from mem-
brase to maembrane and thus inthelr ingividisl
permeability characteristics for certain drugs and
other substances.

The snatenity of deugs today are weak crganic
arids or bases, Knowledpe of thelr individual jons
{zation of dissociation characteristics 1s important,
besanse thelr absorption i8 soverned th o large ex
benit by their desrees of ionization as they are pre-
sented to the membrane barders. Cell merbranes
are more permeable 1o the imed formsof

s, mainly because

wm»;i m the h:gzﬂy chargmi nature oif the: mn memr

with water molecules,

MMMM penmmmg pa

f the solution i

e biologic membrane and on the. pm, or dis

sociation constant, of the drug (whetheran "

base) The concept of pK, is denved from the Hen-

dersori-Hasselbaleh equation and is:
For an acid:

pHi= pK, + log
For & bge:

pH = ok, + log

E}mce the p of body fuids varies (stomach, ph L

furtien: of the intesting, ot 56y blood plasoa, pH
7:4), the-absorption ofa deug from vatlous body fu-
ichs-will-differ and may dichbe to some extent the
brpe of dosage form and the rople of administa-
tonprefecied for g slvendug.

mmmﬂ dong {%lt}
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By rearranging the sguation for #n acid:
e Mrtionized concentration lagid)
pK, - pH = log

ionized concentration fsalt)

Table a2 pK Values for Some Arddicand
Hasic Drugs

one can theoretically deterune the relative extent
fevwhicho s deog remiing onionized nader various
conditions of pH. This i particulady neeful when
applied to conditions of body fuids. Bof instanee, i
a weak acid baving a pK, of 4 4 assumed to be in
anenvironment of gasine juicewithapH of L the
18f side of the equaton would vield the number 5,
which woilld mean that the ratio of unionized o
inized drg pasticles would be about 1000 o 1,
and gastric absorpion would be excellent. Al the
pH of plasins thie reverse would be true, and in the
Hlood: the dmg-would: be largely: in the ionized
tor Table 4] presentsthe effect of pH onthieion-
teation of weak ¢lecholites, and Table 4.2 offers
spme representative pk, values of common drig
substances,

From the eguation and rom Table 4.1, it miay be
seerithat & dng substanee is half tonized 2t 2 pHl
value which is equal toits pK, Thus pK, may be de-
fined as the pld at which 2 drug is 50% lonized. For
sxample, phenobarbital has a pK, value of about
74, and i plasma (pH 7.4) 1 {s present s ionized
and unionized forms in equal amounts, Howevey a
i sigbstance cannot reach the blood plasma for
distobution throughout the body tnless it is placed
‘there directly through intravenous injection br is fa-
vorably absarbed from a site along its route of entry,
as the gastrointestionel tract, and allowed to pass
into the general ciredlation. As shown in Teble 4.2,
phenobarbital, & weak acid, with a pk, of 7.4 would

‘Table i1, The Effect of pH on the lonization of

Weak Blectrolytes® pK <pH % Unionized
If Weak Acid i eak Base

e 00 oy
A iR a0
=10 By ane
i 165 B34
-05 247 760
~02 387 sla

1 0.0 S50
&b g3 BE
05 Tho 240
H0T A4 166
H10 ana apn
I BaD feon
H A0 e R oaen

Reprmbed with permission fom Ueluisio JT, Bwin:
ey T o | Phiarmn 19651371490

and temain unionized in the new |
may retum to its former location or £0 0N 102 new
‘one. However, if in the new environn

lonized due to the influence of the pH of the second
fuid, it Tikely will be unable to oross the mambrane
it s former ability, Thus 4 concentration gradi-

i

Arids &e};}sﬁiﬂ}m asid aa
ik

B&B:g‘};smcﬂhm 24
a2

Emul 87
Phenobarbital 74
Phenyioin B
Sulfantamide ey
Theophyliing a0
Thionental il
Tolbutamide 55
Wartarini 48
Bases: Ampheiamine 98
Apomotphing E]
Abroping 4y
Caffelne R
Chiordiarepordds 46
Cocane a8
Codeine e
Gusnethidine 148
Muorphine 78
Procaine 2.0
CQuiriing 84
Reserpine b

‘mmm ‘ns if memhram pmammm s mﬂy m

%uf‘ma »dmg

com hmlm:ata}awm and nw

fthe drug’s camrent en mnmmmmmms the

1‘1p‘
rate and the degree of its further distribution be-

cause it becomies mote or less anionized and there-

fore more o less lipid-perieating under s .
dition of pH than under another. If an unionized
molecule is able to diffuse througt pid barrier

‘mmmm

entitis greatly

et of a diug usually is reached at eguilibrim on
each side of 2 membrane due to differentdeprees of
ionization cecnrming onveach side. Asummary of the
concepts of dissociationfionization is found in the
physical pharmacy capsule entitled "oka/Dissocia-
tion Constants™in Chapter 3,

Itis often desirable for pharmiacentical scientists
to make structiral modifications In organic drugs
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arecl théreby favorably alter their Tipid solubility,
parbbion coefficients, and dissosiation comstants
while maintaining the same basic pharmecolopc
activity, These efforts frequently result ininereased
absorpton, better therapeubic response, and lower
dusape,

Specialized Transport Mechanisms

Iny etnbrast o the “paseive hanster of driips
antl pther substanices across & biclogie membrane,
certaln sibstances, incliding some drogs and bio-
logie metabblites, are conducted across s menibrane
through one of seversl postulated specielived bans-
port mechanisms. This ype of tmnsfer seetns to
acconnt fof those substances, many naturally octur:
frigas sming arids and glucose, that are too lipid-
insoluble to dissolve in the boundary and too large
1o How o filber through the poves, This type of trans:
port s thought o involve membraneg components
thabmay beenzvmes o some other typeof apent oas
pable of forming s complex with the drag (or other
agent) At the swface membrane, after which the
tomplex faoves drross the membrane wherg the
drig ds releasad, with the carrier retuming to the
origingl swface. Figure 4.2 presents the simplified
scheme of this process. Specialized fransport tay be
differentiated from passive transfer in that the for-
met process may become“saturated” as the amount.
of garier présent for a given substance becomes
rvompletely bound with that substance restltingin a
delay in the“fermying” or Tansport process: mhw
features of specialized transport include the speci-
Bicity by a carnier for a particular type of chemical

‘ C
D—> D
G~ |
%
outside } membrane g inside

Figo A2 - Avhive bivisport wiechanism. TV represenils o dhug
inolersile Creprpsents the carier o the membraie. (Modified
S (0 Reilly W odust ] Pharm 1956:47:588.)

structure so that 1f two substanves are franspotted
By the same mechanism one will competitvelyme
hibit the transport of the other, Further the tans-
port mechanism ds inhibited In pénerdl by sub
stances that interfere with el metabolism. The
terrn echive fmnsport, as 2 subclassification of spe-
einlized transport denotes a process with the addi-
tioned feature of the solute or drug being moved
across the membrane against 4 concentation gra-
chent, that 15, frorm 2 solution of lower toneentre
Hemtoone of 2 highereoncentration o 1 ihe solute
i an ipn, agamst an electrochemical potential grac
cient In eontrast 1o sctive transport, faciliteted i
Jusion 15 a-speciahzed ransport mechanisim having
all pf the phove chazacieristios eveept thal the solute
18 not transferred against a concentration gradient
and may attain the same concentration inside the
cell as that on the outside,

Many body nntrients, oy sudes and aming acids;
are-trangported defoss the fnembranes of the gas:
tratniestnal tract by cardier processes: Certainvits.
ming, as thiaming, siacin, aboilavin and vitamin By
and drug substances as methyldone and B-fluor
puracll, Tequire active iransport mechanisms for
their absorpticn.

Investigations of intestinal transport have often
tatilized i ity (at the site) or maioe (i th & body) an-
umai models ar ex vivo {(outside the ody) transport

models; however, recently cell sulture models of hu-
mm small-intestine absarptive cells have become
uvailable to wvestigate transport across intestinal

‘epithelium (1), Both passive and transport-mediated

studies have been condusted to investigate mecha-
nismns as well as rates of trangsport.

Dissolution and Drug Absorption
For a drug to be absorbed, it must first be die-
solved in the fluid at the absorption site. For in-

mmhafmn cannot be absorbed until the dmg;pmmea

are dissolved by the fluids at some point within the

trointestinal tract, In instances in which the sol-

ubx{xty of a drug is dependent upon either an acidic
or basic medium, the drug would be dissolved in
the stormach or intestines respectively (Fig 4.3). The
process by which g drg particle di&smlves 18 termd
dssolubion.

As aodrug partide andergues dissolition. the
dmg molecules on the siiface are the frst o entes
it solition creating a sabumated laver of diuge
solution which envelops thi surface of the sohd
drug particle. This layer of solition s réferred tods
the diffusion layer. From this diffusion laver, the

InnoPharma Exhibit 1091.0010
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. i 5 3 LTOMALH Lok 8
FLDR .
S AR = HENERE
L 7
A e T ) , o
= ey
ol FRENG S
ASEEN DT - el T SYERSE huow
ip!‘?i’ul: L e QESCEM DRGSRy

ehemay o T Ea e

BEEEMDE
FREL

1

Bl 4.3 - Amapomicnl aiagrane shoriny the digsstive syiont
ingiding ihe locations proolved fndrug absorphon and Dheir
respechive pH oalies

T e SIRMI SO

doig molecules pass throughout the dissolving flidd
and nake contact with the biclogic membranes and
absorption ensues, As the molecules of dnug continue
o leave the diffusion Tayer, the layer is replenished
dissolved drug from the surface of the drug par-
Hicle and the process of absorption continues.

1Fthe process of dissolation for a given drug par-
‘ticle is rapid, or if the drug is administered as a 50+
‘ Mﬁm and mmm presentin the body as such, the
rateat; drug becones absorbed would be
gpvmmly mwmdm upon its ability to traverse the
‘membrane barrier, However, if the rate of dissolu-
‘Hon for a drug particle is slow, as may be due to the
“phymmhammal characteristics of the drug sub-
:atmm m ‘tm mmz Emrm, the dm}uﬁm Process

mfm pxmas_ mmw&y soluble drugs su;:hm digmm.
not only be absorbed at a slow rate, they iy
‘beincompletely absorbed, oy, in sume cases largely
‘ owing oral administyation, die fo
Tindtation of time that they may remain
within the stornach or the intestinal tract, Thus,
pootly soluble drugs or pootly formulated drug
products may kesult in a drug’s incomplete absorp-
honvand its passage, unchanged, out of the system
iz the feces,

Unider notial chreumistances adig may be ek
perted bo remain in the stomach for 2o 4 hoves
Longtric emmpiying Hme) and in the small intestines

for 4t 10 hours, although thers (s aubstantial van-
ation betweed pecple, and even inthe same person
o different secasions Varons techniguies have been
used to determine gastiic emiptying time and the
gashaintistingl passage of drup from various dral
dosage forms; including the tracking of dosage
formns: laheled with gamma-enutting tadiomiclides
throngh zamma scintioraphy (2 5). The wastric
emiptying time for a drug Is most rapid with o fast-
ing stornach, becoming slower as the food tonient
is increased. Changes In gastric empiving: fime
ariciorin intestingl mottlity car affect drug transit
tirne and thus the opportunity for drug dissolution
andabsorphion:

Thisse changes ¢an be affetted by drugs the pa-
Hent may be faking Certaln duigs with anticholin
eigic properties, e, dicyelomine HCL amitipty-
Hine HOL have the abilite to slowe down gasivic
emptying This can enhance therate of absorption
of drugs normally absorbed from thestomach, and
rediice the rate of absorption of drigs that are pri-
maily sbsorbed front the small intesting Alfernar
tively, ‘drugs which enhance gasttic motility, eg.
laxatives, mnay cause some drigs to move st quickly
through the gastrointestinal system and past their
absorptive site at such a rate o reduce the amount
of drug actually absorbed. This effect has been
demonsteated with digoxin, whose absorption is
significantly decreased by accelerating gastroin-
testinal motility,

The aging process itself may also influenice gas-
broitestinal absorption. In the eldery, gastric acid-
ity, the number of absorptive cells, intestinal blood
How, the tate of gastric. mmying aincl m i
miotility ate all decreased. However, doy, :
absorption depends o passive processes are not
wﬁmmd b’j" these facmm m :mmh a8 *thwm mw: m-

dags. A deccasein g
mmptﬁngumewwmbammmmmmm

«drugs that are absorbed from the stomach but dis-
advantageous for those drugs whi
acid degradation; e, penicilling,
indehvated by stomach anzsymm m,g,,

ch mm prone to

PR
The dissolution of a substance may be described

by themadified Moyes Whitney equatipn:

L9

iniwhich de/deis the rate of dissolubion k is the dis»
soluton rate constant; 5 1s the surdace ares of the
dissolving solid, ¢, i the satutation roncentation
of drig in the ditfusion layer which imay be ap-
proximated by the maxmumsslubility ol the drug
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i e solvedt since the diffusion laver B tontidered
suttrated), ardl o, 16 the comicendration of the drag in
the dissolution medium at ime te, ~ ¢ lathe con-
rentralion giadient), The rate of diseolunion s govw
prned by thie rate of diffusion of solute mioletules
through the difusion layer into the body of the so-
Totion, The eguation reveals that the dissolution
vate of & doug mway be inersased by increasing the
siirface aren [reducing the particle size)of the drug.
byvincreasing thesolubility of the drug in the iiffu-
sin laver and by factors embodied in the dissolu-
Hon take constant, & ncluding the intensity of agl-
tation of the solvent and the diffusion cosficiany of
the dissodvine-drog. Ford pvert ded the diffusion
coefbiclent and usually the concentration of the
drug i the diffusion laver will inerease with increas-
ing remperature. Also, increasing the rate of agita-
fion of e dissolving medium will increase Hhe rate
of digsolation & reduction in the vistosity of the sl
went emplaved is another meangwhich may be ysed
toerhance the dissclution rate of 3 diug Changes in
the pH ar the nakope of the solvent which infitiende
thie solubility of the drug may be used o advantage
in increasing dissolution rate. Effervescent, boffered
aspirm rabler formidations use some of these pring-

wmm ‘lm ‘tl:w tablet, the m}ubﬂny of the =y

‘tmm of mamm dioxide agitates the smmm ‘
i, gastric juices. Consequently, the rate of aspirin
absorbed into the bloodstream is faster than that

achieved fram a conventional aspirin tablet formis-
1l his desage form is acceptab to the pa-
r‘i‘e‘ provides a quicker means for the patient 1o

ﬁ&!‘ ffmm n hmuhi&wme hmﬂm&m ‘Mmy

mltmmwfommfaxirmgm wﬂlm

‘myshalﬁm,
hibit the solubility characteristics neer achiev

the desired dissolution characteristic :m admiin-
istered. Sorme of these fartors that affect drug disso-

lution briefly are discussed in the following para:
graphs, whereas others will be discussed i
:wmxedmg chapters in which they are relevant.

The chemical and physical characteristics of a
drug substance that can affect drugldrig product
safety, efficacy, and stability must be carefully de-
fined by appropriate standards in an application for
FLA aprrovel and then substained and cottrolled
thronghott product manufacture.

Surface Area

Whena dimg particle 18 reduced o a larker ne
Beriof smaller particles, the total sitface ared ores

ples to their advantage. Due to the alkaline adju-

;pmdmm of the same drug subst

may result in different d
sponse in the same individual, A

release type, Le;, Pmmpr“

ated 18 iricreased. For drug substance that o
poiotly or slowly soluble, this generally resulis inan
increass in the yate of dissolution. This Is pplained
i the Phyeieal Pharmacy Capsule "Particle Size,
Burface Area and Dissolution Rate,”

Increased therapeule responsé do orally ad-
ministeted drugs due to smaller particle size has
been reported for a number of deugs, among them
thegphylline, & xamthine dedvative used o feat
brnsehial asthmar priseofilvin, an antibiofic with
antifungal activity silfisoxazole 'an antivinfective
sulfonamide, and nittofurantoin 4 urinan ank-
infectve drsg To gehieve inomeased sutface arda;
pharmaceutical manufacturers freguently use mi-
cronized powders in their solid dosage form prod-
vcte, Micronized powders consist.of deup particles
reduced in gize 1o about S andcrons and smaller A
shight variation orithis s accompiished by blending
and melting the poorly water-soluble powders with
awater-sotuble polymer such as polyethyiene gly-
dol (PEG). In the molten state dnd if the drug die
sodves In this carder (FRGY 2 mblecular dispersion
of the drug in the carrier results: Upon solidifica-
ton, a solid-dispersion is formed whigh can be pul-
veriged and tableted or encapsulated, When this
powder is placed inwater the water soluble carrer
rapidly dissolves leaving the poorly soluble drug
enveloped in water, thus forming 4 solution,

The use of micronized drugs is not confined to
otal preparations. For example, ophthalmic oint-
ments and topical ointments utilize micronized

drugs for their preferred release characteristics and

noninitating quality after application,

to the different rates and degrees of absorp-
tion gbtainable From drugs of various particle size,
ce prepared by
1 amfmmm

two or more refiable phamammﬁ
epraes |

this oceurs with phenytoin sodium mpmmleﬁ whm
there are two distinct form mﬁm Mlmmpm

mﬁm; LISE and the second ig'

type, fe, Extended Phenytoin ‘ﬁndimm %Ilapsules,
USP The former has & diséolution rate of not less

than 85% in 30 minutes and is recommended for
patient use 3 to 4 times per day The latter bas a
slower dissobafion rabe e, 18 10 85% in 30 mins
utes, which lends itsell for bse in patents who
could be dosed less requently) Because of such dif-
tersnces in formpulation for & mumber of drups and
drugproducts. it s generally advisable for a-person
ta tontinge taking the same brand of medication,
provided it produces the desited fherapetitic effect
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Particle Size, Surface Area and
Dissolution Rate

Physival Pharmacy Capsuledd

Particle size has an effect on dissolution role and solubility. As shown in the Noyes-Whiiney squation:

f§ kSiC. — €

where dC/dT is the rate of dissolulion [conceniration with respect to time},
k is the dissolution rale consiont
§ is the surface area of the particles,
C, Is the concentration of the drug in the mmediate proximity of the dissolving porticle; f.e., the
solubil ity of the drug,

C, s the concenlration of the drun In the bulk fald.

It e svident that the "C " cannot be significantly changed, the "C.” s ofien under sink conditions [an omount
of the drug s used that is Jess than 20% of its solubi fity} cind o comprises many fociors suck os agitation,
temperature; This leaves the ¥S,” surfoce area; & o foctor that con oifect the role of dissolutian,

Anincrease in the surfoce areaof o drug will, within reason; increase the dissolution m%e Circumstances
when if moy decrease the rate would include o decrease in the “effective surface area,” |.e., o condifion
in-which the dissolving fluid would not be able to "'wai“ the particles. Wetting s the first slep in the dis
solution progess, This con be demensirabed by visualizing 0075 inch diometer by 1/4 inch thick loblet.
The surface area of the fablet can be increased by drilling o series of 1/16 inch holes in the foblet. How-
ever, even though the surface sreo hos been iricreased, the dissolution fluid, 1e., water, would not nee-
sssorily be oble lo penetrate into the new holes due lo surface tension, ele, qnd disploce the air. Ad-

smbe;l air and iother faclors con decrense the eHectiv

son that particle size reduction d

lso visuolize o powder thot has been com
aced bﬁﬂk&r of water, the powdet f
‘ " is not the same as the aciual

surface area ot a dwsuge Form, inc di‘n? powders.
fion

o rote;
nd when
he Yeffec-

b alwerys result in an incregse
uled fo o very fine state of si
Io the enlrapped and odsor

surtace orea” of the resulting powder,

i

Patients who are stabilized on one brand of drug
shiould not be switched to another unless neces.
sary. However, when a change is necessary, appro-
priate blood ar plasma concentrations of the drug
‘should be monitored until the patient is stabilized
on the new product;

Qlcasionally a mmmmqfdmgabmpmmmm
desired in a pharmaceutical preparation. Resedrch
pharmacists, In providing sustained rather than
rapid action in certain preparations, may employ
agents. mf"m;nng particle size to provide a controlled
dissolution and absorption process. Summaries of
thee physical chemical principles of particle size ve-
dution and the relation of particle size 10 surface
area, dissolution, and solubility may be tound i the
Physical Pharmacy Capsules in Chapters 3and 6,

Crystal or Amorphous Drug Form

Solid drog materisls fiay occur as pure rvs-
talline substances of definite identifiable shape or

ag amorphous particles without definite structure,
‘Thﬂ mmmphaus or mkmmnm hatacter of a doug

imp
| ng, its che;
billigy, ami, 45 Has been mmmﬁv shown, ever its bhm
clogical activity, Céstain medicinal agents may be
produced to exist in either a crystalline or an amor-
phaous state. Since the amorphous form of a chem-
ieal is usually more soluble than the crystalline
form, different extents of drug absorption may re-
sult with consequent differences in the degree of
pharmacologic activity obtained from each, Experi-
ehces with two antiblofic substances, novobiocin
and ehioramp henicol palmitate, have revealed that
these materials are 2ssentally inactve when ad-
ministered in erystalline form, but when they are
administered in the amorphious form; sheorption
frim the gastrolitestinal fract proceeds rapidly with
sond therapentic response: In other instances, crys-
talline: forms of drugs may be used because of
greater stability than the comesponding amorphous
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ferma. For example. the crystalline forms. of peni-
Sillin (3 ae either the potassium or sodit sditare
rossiderabil mors stable than the analogous amir
phous forms: Thus, in formulston work ineclving
peniilim G, the crystalline formeare prefered and
result in excollent therapentic response.

The hormbnal substance insulin presents an-
sther shiking example of the differentdegresolae
fvity thiat may tesult from the useof different phive-
ical forms of the same medicinal agent. Insulin is
theagtive principle of the pancreas glanddnd 8 vi-
tal to the body's metabolism of glucose. The hop-
miane ig prodoced by wo means The fist ie by
exiraction procedires from either beef or park pan-
ereas The sevond provess involves & biosynthetic
process with strains of Escherichio coll, {8, recoims
Binant DINA Instlinds uged by marn 8sreplacement
therspy, by injestion, when his body's production of
the honmehe is msufiicent. Insulin 15 & protein,
which, wher combined with zine in the presenes of
aeetate bulfer forms an extremely insoluble gings
ingulin boriplex: Depending on the pilofithiad
state butfer solution, the complexmay be an amor-
phous precipitate or a crystalline material. Each
Wpe s Pmciumd commercially o take advantage of
theirumaie absorption characteristics.

The amorphous fonm, referred to as semilentz in-
Prompt Insulin Zine Suspension, USE, is
idly absotbed upon intramuscular or subouta-
s funder the skin) injection. The larger crys-

m& e atertal, called umfenmm! in or Extended

Insulin Zine Suspension, USE is miore slowly b-—
&Wbﬂd Wm'm a “mmluam longer dumﬂm vof :

is able to provide his pahmm Mﬂn mm
termediae acting insulin of varying degrees of ons
set and duration of action. A physical mixtore of
0% of the: mm‘ inie form and 30% of the amor-
pmm afled lente insulin or Insulin Zine Sus-
pension, USE 1s commercially available and pro-
vides an. iiermadiate acting insulin preparation
that mieets the tequireiments of mary. diabetics,
Some medicinal chemicals that exist in crys-

talline form are capable of forming different types

of crystals, depending upon the conditions (tem-
pmiwm solvent, tire) under which c:tyatall&mﬁmn
is induced. This property, whereby a single chemi+
cal substance may existin more than one crystalling
fort 18 kniown as” polymorphism,” Only one form
of & pure drug substance is stable at o given tem-
prerature and pressure with the other forms, called
retastable Forms, converting in Hme to the stable
crystalline form. It ds therefore not unusual for a
metastable Form of & medicital agent to change

Xl {

more. f:han one crystalline Emm and are ﬁmqmmﬁy
‘prepared in pharmacentical stispensio

cortisone acetate s reported to exist

form everywhen present in 4 completed ghanme:
ceytical preparation. although the Bme reguired for
& cormplete thange may exceed the normal shel-
life of the product el Howeser from s pharme-
goutical point of view, any change in the orystal
Struchire of 2 medicinal agent may oritically afieet
the stability and even the thérapeutic efficacy of the
product v which the conversion takes plage:
Thevarous polymorphicfonnsof thesane chem-
feal peserally differ in many physical properties ins
chuding their solubility and dissolution characteris-
Heswhich are of prime imiportancs tothe sate and
gxtent of drog absofption Into the body's systen
These differences are manifest so long as the drig
18 in the solid state. Once solution is etfected, the
ditferent forns are indistinguishable one from an-
wther, Therefore, differendes in drag action, phar-
maceutically and thempeutically, can be expected
from polymorphs containéd inosolid dosage forms
ag well as in lguid suspension. The use of metast-
able formms generally results in higher selubility and
diggolistion rates than the respeciive stable crystal
forms of the same drug. If all other fetors remaln
constant, toote rapid and complete drug absorp-
tion will Hkely result from the metastable forms
than from the stable foron of the same drig. On the

ther hand, the stable pa]ymnmh ls more resistant

1o chemical degradation and because of its lower

solubility is frequantly pmﬁamdm‘ hlammeubcai

:wﬁgansmns of insoluble ¢
are employed in the Wapmmmm ¢ suspensio
their gradual conversion to the stable form may be
accompanied by an alteration in the cansistency
M t}m Buspensmn ;tmm w‘l;h mhy affecting its per-

‘ Wammm mf ‘hha«z

of dmgm at ezxm‘ n

different crystalline forms. It is possible for the

rommercial pradm’cs of two manufacturers to dif-

fer {n stability and in the therapeutic effect, de-
pending upon the erystalline farm o the deag used
i thie termulation,

Salt Forms

The dissolution rate of g salt formoof & driag is
generally quite diffesent frof that of fHe parent
tompound. Sodium and potassiur salts of weak
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organic ande and hwdrochlonde salte of wesk or-
ganic bases dissolvemuchnore readily thando the
tospactive frée scids or bases. The result Is 4 mbre
rapid saturation of the diffusion laver sierounding
the dissolving patticls and the consedquent more
rapid diffusion ofthe drigto the absarstion sites.

Mumerous sxamples could be cited to demons
strate the increased tate ol drag dissolution duc to
the use of the salk form of the drug tather than the
frep aeid or base, but the following will suffice: the
addition of the ethylenediamine moiety 1o theo-
phylline increases the water solubllity of theo:
phylling 5-fold. The use of the sthylenediamine salt
af thenshylline has allowed the developmnt of
oral aguenis solutions of theophylline and dimin-
ishied the nesd to use hydroaleoholic miues 2.p,
elbdrs.

Other Factors

The shate of Wpdration of & doug molecule san st
feck e solubllity and patterniof absorption, Usually
the antwdrous form of an organic molecule s mere
readily soluble than the hydrated form, This char-
acteristic was demonstrated with the doug ampi-

r.xlhn, when the anhydrous form was shown 1o have.

solubility than the tribydrate form

orption for the anyhicous fonm
was greater then that for the trihydrate form of the
drug,

mmw swallowed, a drg is placed in the gas-
traintestinal tract where s solubility can be af~
fected not only by the pH of the environmient, but
1 ‘ enits of the M nd the

8 mhrzii “ m ¢ mplm wi:xi::h may mm m mmm
ty and decreased drug absorption. The

classic exarnple of this complexation phenomenion
s thiat which: oceurs between tetracycline ana-
‘im es and certain cations, © g, calcium, magne-
st alminim esulting in a decreased absorp-
tion of the tetracycline derivative. Also, if the drig

B
becomes adsorhed onto insoluble makerial in the

tract, its availability for absorption tay be corme-
spondingly reduced.

Bioavailability and Bioequivalence

The term bogvatiabiliny describes the vafe and g
tantt bo which ancactve drug inpredient of therapei-
tic moteby s absorbed from a drug product and be-
comiss available ab the site of drug action, The tenn
bigeguivalence vefers to the comparison of biowail

abilities of different formulations, drug products, ot
batches of the same drag prodicy

The availability to the biolsgic svstem of a
dring substance formilated inte s pharmiaceutical
product is integal 1o the goals of dosage foom
disign and paramount to the effechveness of the
medication. The study of 2 drug’s bivavailabiity
depends on the drugs sbsorplion of ey into
the svstemic creulation, and studying the phare
macokinetic profile of the drug orits metabolite ()
over time inthe appropriate biclogic system, .8,
blood, plasma, wine. Graphically bioavailsbility
of a drug is porttayed by 2 concentration-time
cirve pf the administered deog invan sppropriate
tissae system, eg., plasma (Fig: 4.4, Bioavail-
ability data are used to determine: 1) the amount
or propurtion of doug absorbed fiom g fooda-
o or dosage forr 2) the ate st which the drug
way absorbed: 3) the duration of the drug's pres«
smice in the biologic fuid or Hssoey and, when
tortelated with patient responise; gnd 4) the reld-
Honship between drug blaod levels and clinical
etficacy and toxicity,

Draring the product development stages of a pro-
posed drug product, pharmaceltical manufachurers
employ bioavailability studies to compare different

formudations of the doug substanos o ascertain the
ane which allows the most desirable absorption
pattern. Later, bioavailability studies may be used to
compare the availability of the drug substance from
‘different production batches of the product They
may. ‘also be used to compare the availability of the
“ﬂmg betance: from ditferent dosal

e forms (as
5, capsules, eldrs, eted, or from the same

‘%mm . produced - by different {mmpmmm
pranufacturers,

FDA Bimwm!mmlity
Submission Requirements

The FDA requires bioavailability data submis-

sions in the following instances (5),

1. New Drug Applications (NDAs), A section of each
MDA 15 required to describe the humarn pharma-
cokinetic data and human binavatlability data; or
information supporting @ watiee of the bivavail:
ability data requirerment (See waiver provisions
fullowing):

2v Abbreviated New Drug Applicetions [ANDAg), In
vive bioavailability data are reqoived anless fn-
formation is provided and accepted supporting
a waiver of this requirement (see waiver prov-
sions following).
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3 Supplmmm Applications. T vive bioavailability
data are required if there is a change in the:
2. Manubacturing process, product formulation

or dosage strength, beyond the varations.

provided for in the approved NDA.,

b Labeling, to provide for a new indication for
use of the drug product and, i clinical studies
are required, to support the new indication.

e kamumg, to provide fmw ar mmu?ﬂm

reghmen foras patient popula-

mm g,%ts} if clinical mm% T

ed to support the new or additional
sage regimen,

Canditions under which the FDA ity witive the
In-vivo bioaveilability requitement include:

1, The product is 4 solution intended solely for

Intravenous administration, and contams the
same active agent, in the same rmmmmﬁun
‘and solvent, as a product previously approvec
through a full NDA,

2, The drug pmim:t is administered by inhalation
f5 8 gas or vapor and contains the sare sctive
agent, in the same dosage form, a5 2 product
previously approved through a full NDA.

3, The drug product is an oral solution, el syrap,
tricture or similar ofher solubilized et and
conlains the same active agent in the same cone
cetitration s a previously approved doug prod-
st through o full NDA, and containsnoinactive

6. Thedmg

intended to be administered orally

itugridient knovm to significantly affect absorp-
Hon of the active drug ingredient.

4, The drug product is a topically applied prepara-

tion (e.g, ointment) intended for local therapen-
He gffect.

The drug product is an oral dosage form that is
not intended to be absorbed (e.g,, antacid or re-
diopaque medium
rcducx i

*5‘;

;rimﬂy simila, 0 a r:‘lmg m‘tmm ﬂm ham o
the in-vivo bioavailability requirement

Most of the bioavailability studies have been ap-
phied to drugs contained in solid dosage forms
: ef-
fects. The emphasis in this direction has been pri-
/ due to the proliferation of rompeting prod:

uy
‘ mm on the rarket in‘recent years, particularly the

nonpropietary (generic) capsules and tablets, and

the knawledge that certain drug entities when for-
mulated and manufactured differently into solid
dosage forms are particularly prone to vdriahions in
‘bivlogic availability, Thus, the present discussions

will be centered around solid dosage forms. How-
ever, this is not to imply that systemic drug absarp-

tign s not intended from other routes of adminis-
tration or other dosage formsovthat bloavatlability
problers may not exist from: these products as
well Indeed, drug absorption from other rottes is
affected by the physicachemical properties of the
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arug and-the founulitive aod manofiching as
pects of the dosage form design.

Blood (or Serunt or Plasma)
Concentration-Time Curoe

Followwing the vral adminisiration of a medica-
Hor, if blood samplesare drawn from the patient al
specific time intervals and apalyzed for drug con-
femt, the resulting datd ynay be plotted on ordinary
graph paper to. weld the type of drug blood level
citve presented i Fipure 4.4 The vertical axig of
this fype of plot characteristically presents the con-
centrationiofdre presentin the blood (o serum o
plasma) amd the horizontal oxds presents the Hme
the samples were obtained following the adminis-
tration of the drig When the drug is first adminis
tered {Hime pera) the bipod concentration of the
drtig should also be zero, As the drug passes into
the stomscheand/ocintestine, itis released romthe
dosage form, eventually dissolves, and is absorbed.
As the sampling and snalysis continue, the blood
sampley reveal dnereasing concentrations of drug
ol the maximunm (peak) concentration (.0 is
reached. Then, the blood level of the drug progres:

sively decreases and, ¥ no additlonal dose ds pver,
eventually falle to zero. The diminished blood level
of drae after the peak height 8 reached indicater
that the rate of dig elimination fom the blood
styearn is greater-than the rate of drag absorption
inbo the cirdulatony system, Dirug absorplion does
notterminate after the peak blood levelis reached
but mnay conbinue’ for someHmes Similarly the
process of drug elimination i8a tontinisus one. I
begine as svon asthe deup fisstappears in the bloed
stream and continues until all of the drug hes been
eliminated. When the drag leaves the blood it may
be found in vasious body tissues and cells forwhich
it has an affinio until alimately it s encreted ag
such or as drup metabolites in the tirine or via somie
other route (Fig 4.5, A urinalysis for the drogor it
metabolites may be used to indicate the extent of
drug absorption and/or the tate of deug ellemination
Freim the body

Parameters for Assessment and
Comparison of Bicavailability

Indiscussing the important passmeteis to becon.
gidered in the comparative evaluation of the blood

4004

‘ -, Brug al Absorption Sile

B0

B

Drug in Body

Melabolites

Excreted Drug

Time {Arbiteary Units)

Figo4h . Tone tonise of doiig b1 e body. (Repriied 00l pevnissaion from Bowlang N, Roeer T Clivdcal Phavnideorinehic

nd EQ, Philadslihia: Leu & Febiger, 1989.)
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level sirves following the oral admirnshationof sine
gle doses of bwo fonmulations of the seme drug en-
#ty, Uhodos and DiSanto [6) list the following:

1. The Pedk Height Concentration {C.

2. The Tine of the Peak Concentration (T, 3

3 The Aren Under the Blood (orsemam or plasma)
Conventration-Time Carve (AUD)

Hsirig Fiewre 4.4 a5 an example, the Heipht of the
peak concentralion is squivalent to 4.0 pefinl of
drtig in the sertim; the time of the peak eonceniza-
tior 18 2 hotes aberadministration; and the areq
urider the curve from U to 12 houts 1s caleulated s
215 we/ml ¥ hours. The meaning and use of these
paraimeters are further explained as follows,

Peak Height

Peak helght concentration is the madmusridrug
cofitentration (C,,.,.) observed in the bload plasma
orgerum following a dose of the dnug. Bor donvens
tional dosage forms, ‘a5 tablets and capsules, the
C.ovill usually oeour at only a single Hime poing,
veferred 10 as T The amount of dmg i tstally
pxpressed in tenms of its concentration in relation
to 2 specitic volume of blood, serurm; or plasma. For

example, the concentration may be expressed a8
cpglmboormg® (ng/100 L), Bgake 46

1001
“g&mt:m concentration-time curves showing differ-
ent peak height concentrations for equal amounts
of drug from two different formulations follow-
ing oral ac
across the figure indicates that the minimunm effec-
tive conicentration (MEC) for the drug substance is

inistration. The horizontal line drawn i the comparative bivavailabilite

4.0 il This meansthat i onder (67 e patien
$ov exhibit an adequate resporse fo the doug, this
copcenfration in the blood must be achieved Come
paring the blood levels of drugachieved after the
pialadministration of pqual doses of fopmulations
“Bland "B"in Bigure 4.6, formulation A will achieve
thie required blood Tevels of dnig to prodiite the de-
sired pharmacolopiceffectwhereas the administrd
tior ot formulation "B will not On the other hand,
if the minimum effective conventration for the drug
vas 2.0 pimi and the mipgininm toxie doncente-
tiori (MTC) was 4.0 pe/ml s depicted in Figurs
4.7, equal doses of the biva formulationawould re-
silt in toac effects produced by formudanion A" but
only desired effects by formulation "B The objer
tive in the individual dosing of & patent 8 lo
achieve the MEC but not the MTC,

The:size of the dose administered trifluerices the
blngd level concentration and C., for that drug
substance, Figure 4.8 depicts the influence of dose
orr the blood level tme ourge for a hypothetical
drug administered by the sarpe route and in the
same dosage form. In this example, it {e assumed
thar all doses are completely absorbed and elimi-
niated at the same rates. As the dose increases; the
C.is proportionately higher and the arez-under
the-curve (AUC) proportionately greater The peak
time, T, is the same for each dose,

Time of Peak

The second parameter of importante fn assess-

f wo formula-
‘tions is the time required o achieve the maximum
level of drug in the blood (1,,,,,). In Figure 4.6, the

i i i v . A

%..
!

0‘&?2‘54 B B

g 12 14 16 20

Tiene: atter drug adminfstration (hotrs)

Pig 46 Serunt concration-thne caroe shwing different penk height concentrations for equal mmounts af deig from froo dif-
feremt formmdations following oral wdministration, (Courtesy of D, Chodps and AR DiSarite, The Ligehn Coriparmy)
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&
=
K

- Formulation A

Area
{0-20 hours)

Bl A=244 m % Hours

oo Begg E 9 % Botrs

>
o

208

TS

Averags serun contenteation Imegml)

A o s
a2 34 3 8

T 14 18 20

Time after drug admimstcation thours)

Bigd 7 Seruwi vonsentrationstimg curue shounng peak helght conpentvitions, peak hetght times, Hinwes to reach mintiion effer-
Huecmentration (IMEC) nrd s wondey the pirves Tor eiual umoptts oF drag fromt koo Sifferent forninilition folloiing onal
wdmiisiation. (Conriesy of D1 Chodos ind AR DiSenith, The thojohn Contpiny)

time required to achieve the peak serum concen»
tration of drug is 1 hour for formulation "A” and 4
hours for formulation B " This parameter reflects
the rate of drug absorpton from a formulation. It is.
the rate of drug absorption that determines the
time needed for the minfmum effective concentra-
Hon to be teached and thus for the initiation of the.
desired pharmacologic effect. The rate of drug ab-
sorpHion alsn influences the period over which the

drug enters the blood stream and therefore aﬁﬁwm :

‘ﬂm ﬁmmim | k:nmne mm ‘the drug m ma

ml ; ‘ hm famulahan ‘mmhm tm
I“M%Z R hmum aﬂm Mmmzairatmn and its peak con-
hours after administration. Thus for-
permits the greater rate of drug ab-
gamp on; it allows drug to reach both the MEC and
irs peak height sooner than drug formulation ”B.”
On the other hand, formulation "B” provides the
greater duration: of time for drug concentrations
miaintained ahibve tie MEC,  hours thom 2 1o 10
hours following administration) to. 5 U2 hours
[ B0 minutes o & hours following administras
Hiony for formudation A Thus, if 2 rapid onset of
action is desired, 2 formulation similas to”A would
be prefered, bul, if 8 Tonger duration of ackon i
sigsirect vather than a rapid onset of dchion, & fots
trolation similar to "B would be preferred

Mirimum Effaciive Coneanteation

i oo, i A e

Blood Drug Concentration

comoentiotion-time curoes when three different doses of
eliminetion ave equal after the three doses. A = 100
Cimpepts b Clinieal Phrmacology. Essntii

Time:

Fig A5 The influence of dose size on the resuliant. blood drg

drug are adminisiered and the rates of drug abs

g © = 50 mg. (Reprinted with permission fro mm'
incoattahil-

ity and Bioeguivalence. The Lipjohn Company, 1979).

It sy, changes in the vate of drsg absorpiion
will resultin changes in the values of both G, and
T4 Bach product has its own characteristic rate of
sbsarption, When the rate of absorption 5 de-
creased, the C, . 16 lowered and T, ocowrs at'a
larer vime. B the doses.of the dmgs are the same
and presumed completely dbsorbed, as in Floure
4.7, the AUC for sach is essertially the same.
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Ares Underthe Serum Concentration
Time Curve

The srea under the curve TAUC) of 2 concerimas
Hor-time plot (see Fig 4.4) is considered tepresen-
tativecsfthe total ammount of drug sbsorhed into the
cieoulation following the administration of 4 singie
dosé of that drue. Equlvalent doses of a drog when
Bully absorbed, would produce the same ALIC. Thus,
two curves dissimilar in terms of peak heieht and
time of peak, as those in Figure 4.7, may be similar
iritermis of ares under the curve, and thus i the
amont of drag absorbed. As indicated in Flgure
4.7 the ‘area wnder the curve for formulabipnAl fs
244 wg/rol ¥ hours and for formulation B s 24.2
wefml, % Hourg, essenbally the same, If equivalent
dnsesof drug in ditferent formulation produce dif
Jerent AU volues, differences exdst in the extent of
absorption between the formulations. Figure 4.9
depicts concentration-tme curves for thee differ-
ent formulations of equal amounts of drug with
greatly different areas under the curve In/this'ex-
ample, formiulation A" delivers a much greater
amount of doag o the circalatory system than do
the Gther bwo formulations. In general, the smaller
the ALIC, the less drug absorbed,

The wwea under the curve may be measived
m&amaﬁmﬂ}a using 4 technigue known as the
‘ 4l rule, and 1s reported in amount of m:lmg!
volume of fluid % time {e.g, ug/mL ¥ hours; 5100
® hours; etc).

According to the trapezoidal rule; the area be-
ath a drug concentration-time curve can be esti-
mated througl the assumption that the AUC can

bt represented by a series of baperolds [quadnlat
eral planes having two parallel and two nonpardl-
felsides) The total AL vwonlld be the sum pithe
aress of the Individaal Sdpezoids The sren of sach
trapazoid is calcalated taking V20T o+ Col, ~
b0 where O and t are drug concenbrations in
thve blood plasma, or serv, and Hime, tespectively
The use of the bapezoid s demopstrated by the
ddta reproduced in Table 4.3 and plotted into 8
plasnia drus concentiation-tue cirve as shownin
Flgare 4.0,

The fraction (F) lor biozwailability} of an orally
adminiatered drug may be caloulated by compan-
gon of the AUC after oral administeation with that
chtained after intravenous adrinisiration:

Fo EUC}WJ(AHC)RWM

In practice, itwould berare fora drugio become
pletely absorbed into the circulation tollowing ol
attministtation. As sioted eatlier. many drigs o
dergo the first-pass effect resiilting in some degrae
nf metabolic degradation before entering the gen-
pral cirenlation. In additon, factors of drug prod-
net formulation; drg dissolution, chenmical and
physical interactions with the gastrointestingl con-
tents, gastric emptying time, intestinal motiity, and
athers contribute to the incomplete absorption of
an administered dose of a drug, The oral dosage
shrengths of many coprmerical producis are based
on considerations of the proportion of the dose ad-
ministered that is expected to be absorbed and
available to ifs site of action in order to produce the

Ares

(0-16 muw

HAW%Q thm

om0 B#mﬂﬁiﬁm‘ 1

) Hours

&=~ =140 750 x hours

Time arar drig administration (hours)

Fig. 49 Serntdonbentration-time curoe shivvity peak height bonceninttions, poak height Yimes, sl dreas under the ciorpes for
equal ammounts of dritgs frow theee different fonmalations Rillowing sl administration, (Couresy of Chodas D] DiSano AR, The

Hpiokn Company}
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1y

Tevledd,  Determinationof AUC Using ihe Trapezoidal Rule for the Following Plasma Drug

ConeentrationTime Data®

Semigis () Time (k) Plasme Conventrition lupiml) AU \p.g!mh “ hr}

:t 4 o Y Dls e
d 4s 1 B0 =05 “—‘«3.9{}
3 18 1 Y14 amhe e
4 15 m %028 F B0 1S e D
5 2 an V04 21 0y 25 8D
6 3 21 Y21+ 17 - By 1900
7 i 17 HT #0064 = 2600
B 5 G L0 walig- By e 1200
9 g 4 Rl ohin =g ni

10 10 3 ? 24002 =10 =200

11 12 1 K14 00810 = 300

12 18 & AL = 12300

Reaprinted with perirission Rom Usda CT Convepis in Ulinital Pharmicology Essertials of Bioavailabiloy dnd Biges

fuivalence, The Upiohn Compansy, 1979,

desired drug blood level andior therapeutic pes
aponse. The absolite bioavailability followini oral
dosing is generally compared to intravenous dog-
g As prariples, the mean oral absorpiion of 4
deme of vevapamil [Calan) is reported to be 80%;
enalapnl (Vasoted) 60%; dilaazem (Cardizem) about
40%, and kisinopril (Zestdl) about 25%, However,
there is Jarpe fntersubject variability, and the ab-
sorbed doses may vary patient-to-patient.

Bioequivalence of Drug Products

A great deal of discussion and scientific investi+
gm:m 1 hias been devmbm recently to m‘ mm mg

The rate mi ‘mm 0 hiel & drug in a dosage
mrm mmm mmmm for bmlogw mmptmm m

il i met dx:»sage forms may ﬁ:mmd
to possess different bivavailability characteristics
and hence exhibit different clinical effectiveness.
‘mm two seemingly “identical” or *eduivalent”
proclucts, of the same drug, in the same dosage

strength and in the same dosage form type, but dif-
fating {n Formulative materials or mathod of man-
ulacture, may vary widely in bicavailability and
thus by elinical eftectiveness,

Disselution vequitements forcapsules and tablets
aft - ncuded in. the USP and are integral
wo - bloavallability: - Bxperence: hag “shovim: that
where bisineguivalenice has been found betweer
b stipposedly squivalent products, dissolution

“"nqmmimcy between drg products
Pha

testing can help to define the produet differendes,
Arcording to the USE significant bioawallability and
bioinequivalence problems may be revealed through
dissplution testing arid are genermlly the rewilt of
onie-or more-of the faﬂﬁmng causal - factors:
the drug’s particle size, excessive amounts of the
lubricant magresiuem stearate in the formulation;

eoating materials, especially shellar and ingdequate

ampunts of tablet or capsule disintegrants.
The following terms are used by the Food and
Drug Admiristration to define the type or level of
)

u ceutical equivalents are drig products that
comtainy dentical amounts of the identical active

=

i

Plasma Drug:
ation, 29

Goncentr

(ORI G R

Timeihours)

AR 8

Fig, 400 Estintation of ares sinder bie diig contenbration-
Y urte ustng the traperotdal vile (see Tuble 4.3 for rew
dntal (Riprinted with persissionfrom Uy CT Concepts in
Clirlical Phavmacology. Esseritials of Biodondability and Bloe
diinalence The ok Company, 18780
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drup ingrodient, Lo, the same salt or ester of the
same therapediic molety in identical dosags forms,
butnot necessarily containing the samedinactive in-
gredients, and that mest the ideatical compendial
or other applicable standard of identity, strenath,
guality, and purty, incdlading potency and, whers
applicable, content uniformity, disintepration times,
andior Qissolidion tates,

Phannaceutionl alierantipes are drug products that
cenkain the identical therapeitic moiety, Srits pres
turgor but vk nécessaly inthe same amount or
dosage form or as the same salt or ester, Bach such
drag produet individually meets either the identi-
fad i 1 owil respective compendial.or other ap-
sticabile standard of identity, strength, quality and
pirity, including potency and, where applicable,
content uniformity disintegration times, and/or dis-
solnton rates,

Efvegripalent drpg products are pharmaceutical
sepuivalents or pharmacentical alternatives whose
rate atid patent of absorption do not show a signifi-
cant difference when administered st the sane
inolar dose of the thesapeubic molely under sirmilar
sxperimental conditions, either single dose or il
dple doge. Some pharmaceutical equivalents or
pharmaceutical alternatives may be equivalent in
the extent of their absorption but net in their
sate of absorption, and yet may be ronsidered bioe-
quivalent because such differences in the rate of
absorption are intentional and are teflected in the
ldbeling, are not essential to the attainment mfmaﬁfm»«
tive body drug concentrations on chronic use, or
are considered medically insignificant for the par-
tular drug prodact studied.

In addition, the term therapeutic equivalents has
been used to indicate pharmacentical equivalents
which, when administered to the same individuals

the same dosage regimens, will provide essen-
tally the sarme therapeutic effect.

Differences in binavailability have been demon-
strated for a nurmber of products involving the fol-
lowing and other drugs: 'ietmcychm, ammmpmm
col, digeodn; phenylbutazone, warfarin, nﬁm&p my
levodopa, and oxytetracycline. Not only has bio-

“inequivalence been shown to exist in products of
different mamufacturers but there have also been
variations in the bioavailability of different batches
ol drug products from the same manulactarer Vari
ations inthe bloavailability of certain drug products
have resulted in some therapeutic failures in/par
Hents Whin have taken two inequivalent deug prod-
acts in the ehurse of thelr therapy,

The miost common experimental plan 1o come-
pare the bivavailability of two drug products is the

slmple crosserer desion shudy, In this method, sach
bf the 12 to 24 Individualein the prong of carefilly
mmatched subjects (usvally healthy adult males be-
tween 18 and 40 years of ape of similat height and
weight] 18 administerad both products under st
ing vonditions and essentially serves ws his own
contral. To avoid blas of the test results, varh test
subject s randomly assioned vne of the two prods
victs for the tirst phase of the study. Onee the first
agsipned product s administered, samples of blood
or plastia ate drdwn Bom the sublects at pradeter
mined times and analyzed for the active drugmol-
gy and ite metabolites 43 @ function of Hrme. The
sarne procedure is then repeated {omesover) with
the second product after an appeopriate interval of
timie; 18, washont period fo ensure that there is
ne vesidual ammount of drug fram the st adminis-
teved product that wotild artificially inflate the test
results of the seconid administersd produck After-
ward, the patient ‘populativin: data are tabulated
and:the pararmeters nsed 1o assess and compae
bioavailability, Lo, O 0 AUC ave then ang-
lyzed with statistical procedures Statistical differs
ences in bisavailability parameters may not abways
b clinjcally significant tn therapeatic outcome.
Inherent differences inindividuats rosult in differ

ent patterns of drug absorption, metabolism and
excretion. These differences must be statistically an-

Myzeé 0 separate thet from the factors uf bipaveil-

ability related to the products themselves, The value

in the crossaver-cesigned experiment is that each
individual serves 2s his own control by taking each
of the products. Thus, inherent differences as men-

tioned between individuals is minimized.
Amﬁm bivequivalency between drug products
rarely, if ever, ocours, Such absolute equivalency
ymld serum concentration-time curves for

‘m products involved that would be exactly super-
imposable. This simply is nok expected of producis
which are made at different times, in different

batches, orindeed by different manufacturers, How-
ever, some expectations of bivequivalency are e

pected of products which are considered to be of

equivalent mert for therapy.

In most studies of bioavailability, the originally
rarketed pmduct (frequently referred 1o as the
“protutype, " pioneer” ar”innovator”drig product)
s mmgmzeci a5 the egtablished product of the deug
and is utilized as the standard for the bivavailabil-
ity comparative studies.

A5 a result of the Implementation of the Drog
Price Competitionand Patent Term RestorationAct
of 1984, many additional drugs becarne available
generic form. Prior tothe 1984 aet, only those drugs
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marketed betore 19682 could be processed by an
Abbireviated Mew Dinip Application: (ANDAL The
ANDA process does not regiiire the sponsor bure-
peat costly clinical research on active ingredients
alpeady found t besafe and effective The 1984 A
extended the eligibility for ANDA processing to
diues first marketed after 1962, making generic
verstons imimediately possible for many additional
aff-patent drugs previously available only as brand
name ! (plonser) produtts.

Acvording to the FDA. 2 generic drug is consid-
ered biosquivilent if the rate and extent of absarp-
tion do ot shiow a significant difference from that
of the ploneer drig when administered at the same
sniolar dose of e therapentic ingredient tnder the
s expetimental conditions (7). Because, in the
casibf & gpstemically absorbed drug, blood levels
s 1 Bromn are identical product may vary in dif-
ferent subjects, in bioequivalence studies each sub-
ject receives both the pioneer and the test drg and
thus serves as his own control.

Unicler the 1984 sctoto gain FDA appioval &
gerieric drug product must

+ Combain the Same astive ingredients ad the pios
reer drug (inert ingredients may vary}

» Pe identical in strength, dosage form, and route
of administratio :

+ Have the same irdications and precautions for
use and nther labeling instructions

¢ Be bioequivalent

# Meet the same bateh-to-bateh requiremenis for
identity, strength, purity, and quality

¢ Bemamifa
of FDA's Current Good Manufactuning Practice
regulations s required for pioneer products

In the desipn and evaluation of bisequivalence, the
FDA emiploys the “80/20 rule.” This ule requires
that 2 study be large enough to provide an 80%
‘ &mbmbmw to detect & 20% difference in average
biuavailability, The allowance of a statistical vaxi-
ablity of £20% in bioequivalence applies to both
reformulated pioneer drugs and generics. If a pio-
mrer manufacturer reformulates an FDA-spproved
product, thiz subseouent formudation must meet
the same Bipequivalency standards that arme, e~
quired o wenerie manufactorers of that product
{ie, the approved bivayailability standard for that
Product),

The FDA recommends gereric substitution only
ampne products that it has evaluated to bi thera:
peutically equivalent. Since 1980, the Agency hag
Prepared an annual Approved Drug Products with

ctured under the same strict standards.

Therpentic Equivalence Evaluahions (kriown as the
*Orange Book”) whichis published in the LISP-DIL
Volume HI*Approved Drug Products and Legal Be-
giareients “This publication s regularly wpdated
and containginformation on aboot 10,000 approved
presegipion drug products. About 7,500 of these
are available from more thana singlé manufacturey
with only about 10% considered therapeutically in-
equivalent to the ploneer products: For sxample,
the FIDA rates ol corjugated eshrapens and sster.
fied eshrogen products as”not therapeutically equiv-
alent,” because no manufachirer to date has sub-
miftted an acceptable in vive bioequivalence study.
Thetefore, the FDA doesnot recommiend that these
products be substituted for each othier

The variables that can contribute to the differ-
ences between products are many (Table 4.4}, For
instance in the manufacture of a tablet different

Tablé 44. Same Pactors Which Can Influence the
Bioavailability of Oraily Administered Drugs

Dl Substanee Physiochenical Broperties
Partitle Size
Crystalline or Amarphots Barm
Salt Farn
Hydmmn
Lipid/Water Solubility

Pharmaceutic Ingredszs and Dosage Form Characteristics
Phasracsurie Ingredients
Fillers:

&uwrznﬁmg«&gems
Buirface Active Agerits
Flavoring Agetits
Coloring Agerils

Pre
Btabilizing Agents
Disintegration Rate {Tablets)
Dhissplution Time of Dnig in Tiosage Form
Product Age and Storage Conditions
M:ysmfogw Factors and Patient Chavnolenistisy
Lrastric Bmphang Time
Titestinal Transit Tine
Gastrpintastinal Abnormality ok Pabolagic Condition
Gastrie Contents
Chthier drugs
Food
Flinds
Chastrotntestinal pH
Dyiig Metabalist (Gut and doring g pandses
thesugh liver).
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matedals oramounts of such rmulative tompo:
nerits as Hllers, disinteprating ageris. binders, by
bricants, colorants Ravorants snd coatings muy be
used. The particle size or crystalline form of o ther
aprutic or phanmacentie component smay vary be-
e fanmulations. The tablet may vy i shape,
site, and hardness degending unon the pun:hes
and dies selected lor wme by the manubschurerand
the compression forces utilized in the process, Dy
ing packaping shipping and storage the integrily of
the tablets may be altered by phosival impadt, ob
changes in conditions of humidity, femperatire, vr
through interactions with the componenta of the
sontainer Bach ol thedactors noted may have shiat-
feet on the tales oF tablet disintescabion, drog dise
sotubion, and consequently on the fate and otent
of drug abserption. Although the blosguivalency
protlerns are pethaps greater among tablets than
foir pther dosage forios because ol the multiplicity
of Varables, the same types of problems exist for
theother dosage forms and must be considered in
Biosouivaleney svaluations.

Thiere ase situations in which even thempetivally
equivalent drugs may not be equally suitable for a
particular patient. For example, & patient may b hy-
‘pepsensitive fo an inert ingredient in oné product
{brand name or generic) that another product does
ot contain, Or a patient may become confused pi
upsetif dispensed an alternate product that differs in
colos, flavar, shape, or packaging from that to which
‘ he has become aceustamad. Switching be-
tween products can. generate concern, and thus
phantacists need to be prudent in both initial prod-
uct seleckion and in pmdm interchange.

Routes of Drug Administration

Drugs may be administered by a variety of dosage
formis anid rowutes of administration, as presented in
Tables 4.5 and 4.6, One of the fundamental consid

ations in dosage form design is whether the d g
s intended for local or systeric effects. Local effects
ure achieved from direct applications of the “Mm to
the “ﬂmmd m of action, wzh asthe. tzym,, o,

drug i the circulatmy system and its mmmmm
transpart to the cellular site of its action. Bar sy
termic effects, & drug may be placed directly Intn the

Blood stiean vig Intraverons infection o absorbed
inbothie venous cireadation followang oral, orother
rontes of administration,

At indtvidual daig substance ray be formilated
intonultiple dosage forms whichrssilt in different
drup abaorption pates and times:of onset, peak, and
durtion of action. This is demonsirated by Flgurs

Tabled s, Houwes of Drup Administeation

Jaem i
Chal hilsath
Poroal {per on®) Ciastyoliranerinal fractvia
monith
Bublingial Lindes the doniie
Parenteral S than e
sagttintestnal ran
e inleriont
Intveitin Vedn
Irtbrorterial Aitery
Irtracardiae Hegt
ltraspinal or Hplne
intrathecal
Intransseons B
Tikeaaitioulin Toint
Intapynenal Toanr-Buid dnea
Inbacitaneons Skin
urinteadermal
Subeutaheons Benearty the siin
Intrdinscylar Mt
Epfeataneous fopica) Blin suifarsy
Trarisdarmal Bidn surfuoe
Conjonetival Uit
Intrasoutar P
Trtranaual Pleans
st Har
Intracespiatony Lionigy
Hectal Rietam
Vaginal Vagina

*he ablreviation “pois commanty used on presep-
Hons to indicate to Be swallowed:

7. for the drug mmw&wmm invag-
”’l”m mh&iwml, trayenoils,

Jeaia mp ¢ m&rst~
mmm and mpma] mmn Wmm% slowe msels of ac-
tion but greater durations of action. Th

wides the longest durstion of
following application of a single patch to th

The transdenmal nitroglycerin. wﬁm allows Wﬂrﬁgﬁe
datly dose, whereas the other forms require multi-

ple dosing to maintain drag levels within the ther-

apentic window,

The difference in drug absorpiion bebvien dosape
forms is a function of the formulation and the route
ot acministration, For ssample; & Broblen: sssock
eted veith the oral administration of & drug is that
onece absorbed through the lumen of the gastmin-
testinal tract into the portal Vein, the deud may pass
directly to the liver andundergo the firstpass effect.
In esgence & portion or all of the drug may be me-
tabnlized by the bver Consenuently, asithe drup i
extracted by the lver 4t bloswalinhility % the body
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Table 4.8, Dosage Form/Drug Delivery System
Application Route of Administeation Primary
Dosage Forms

Cal Tablets
Capsules
Selutione
Byrups
Elistes
Buspensions
iagmas
(Gels
Prveders
Tablpts
Treches or Tozenipes
Sohidons
Suspensions
Ointments
Credms
Infusion pumps
Pastes
Plasters
Praweers
Aprosole
Lioons
Transderrmal parchis dises

soiutions
Unnrart lens inserty
Ointrments
Bolutisis
Suspenisions
Solutions

Sprays
Tnbalants

[Ointients
‘Aesosols
Salutions

Dirtkments

Sublingual
Pareniteral

Epizutanents)

ansdertoal

Conjungtival
Intrsskylar’

intraairal
dmranasal

Inatespiratory.

Wainal Solutions

Ointmierts

Emulsion foams

Gels

Insests, suppositories, spongs
Bolutons

‘Buppositonss

i

Tleethual

b decreaded, Thus, the bloavatlable frachion s de-
termiined by the Fraction of drug that i5 absorbed
frosiey thee pastroiftestiial tract and the fraction that
esrapes metabolism during #s Brst pass thoough
the liver. Thie bioavalable fraction (f) is the prod:
uet of thise bwo Fractions as follows:

Fi Praelinn of drug absorbed X Praction
escaping frst-pass metabolism

The bioavailability is Iowest, then, for those drogs
thatundergo o significant firsb-pass effect Forthese
druigs, @ hepatic exbaction rahio, or the Baction of
drag mictabolized, E is calouleted. The fraction of
drirg that enters the svstem citaulation snd is ults
mately available to exert its effeck thenis dijual bo the
guianiity (1-H). Table 4,8 hsts some drugs acoording ko
et pharmacologic class thet tndergn & significant
first-pass offect when administered by the oralroute.
T vompersate for this marked effert. the drus
manufacturer may consider other routes of drug ad-
minlsaton e g, inkaverious inkarmuseulas subling
gual, that avoid the first-pass effect, With thede routes
there will be a comesponding decrease in the dosage
réfuired when compared with aral adminisabion.
Aripther consideration centers aroting the metas
bolites themselves, and whether they are pharma-
colomeally aetive or tnactive, I they are inactive,
& darger oral dose will be reguired to attain the
desired therspeutic effect when tombpared 4o 2
lower dosage in g nonfirst-pass effect toute, The
glaseic example of drig that exhibits this effect 8
propravolol, It on the other hard, the metabelites
are the active species, the oral dosage must be care-
fullytailored to the desired therapetitic bifect, First-
pass metabolism in this casewill vésult in 8 quicker

therapeutic tesponse thar that achieved by a non-
dist-pass effect ronife.

ﬁubﬂmualk
Oral /-\\

Qintment
Dise | M}Hiﬁhhm_
NV ot
Intravenous \ W ‘

tabilet dissolved
Buceal

i § i

o
[ R I < R T - |
Hours

Big: 841 - Blond-level curpes of nitoplyiirin followiis wd-
misbation of desaee foriie by parlous routes (Reprited
iith pasmiseion from Abrips | Nilvoglyorrin s LongAct-
g Nitrites Bn Cltnical Brictiee. The Sosertonn Jomal of
Midictng, Procondines of ¢ Sypposium | Firgt Norih American
Canference on Nitroslyerin Thervpy, ing 27, 1943}
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Tabled 7. Dosage and Kinetics of Niteoglycerin in Various Dosage Forms

Mitopiprerin, Lsual et of Action etk Action Dhirntion

Digsige Form Dose el i) {Mlbuutes] dinsiHloun)
Bublingual 0348 2+ B 1030 minuies
Bugeal 13 -3 400 30300 minues?d
ipal £5-183 i 45120 o6 hours?
Okt (2%) =2 nches 1580 2120 3-8 hotry
Pises 10 AlBn HU-180 Dot 28 houm

4 ety persisth an Icmgg tablet isintact:

H Bome shiork- o dosing studies have demonstiped effecis o 8 hotis:
Reprmted with pereiseion fromy Abtams I Miteo flveorin and Long- Acting Mitrates i Clrdoal Practies, Am T Met Pros
veedings of o Byimpositn Firet Nooh Amenican Conferenice of Niroglycenn Therapy, lune 27, 1088 p 88

e roust permember also thar the Hovw of blond
throughithe Bver tan be decreased under certdin
comditions, Consequently, the bioavailabllity of
those drugs that undergs a first-pass effect then
winild be mpected to increase. For example; during
girrhosis the blood How to the kidoey is drarmat-
cally decreased and efficent hepatic extmction by
emzyrhes responsible for 2 dmg's metabolism also
falls ol Consequently, in arrhotic palients: the
dosage of drug that undergoes a first-pass effect
from oral administration will have to be reduced to
avoid toxdcity.

Ovral Route

Drugs are most frequently taken by oral admink
tration. M:I’Mgh a few drugs taken orally are in-
tended o be dissolved within the mouth, the vast
majority of drugs taken orally are swallowsd. Of
these, most are taken for the systemic drug effects
that sesult after absorption from th various surfaces
along the gastrointestinal tract. A few drugs, such as
antacids, are swallowed for their local action within
thie mnf‘mm of the gastrointestinal tract,

mmmmmd the most nataral, uncomphicated, con-
nient, and safe means of administering drugs.
Disativantages of the oral route include slow druy
tesponse (when compared with parenterally ad-
rministered drugs); chance of irregular absorption of
drugs; depending upon such factors as constitu-
tional make-up, the amount or type of food present
withir the gastroimtestinal fract; and the destrc
Hean of eerkain drugs by the acid reaction of the
stomarhor by gastromtestinal enezymes.

Dosage Forms Applicable

Dirugs are administered by the oral ronte in g vas
nety of pharmaceutical forms. The most popular

1‘ Mm:mgh the acid enviranmentiof the stomaih

i alternate routes, the oral route is

are-tabilets. capsulés: suspeniong ‘amd Varions
phatmaceutical solutions, Briefly, tblets are solid
dosage forms prepared by compression oo molding
and contain medicinal substances with or without
sintable diluents, disinterrants; coatings, colorants,
andl other pharmaceutical adjuncs,. Diltents are
fillers used in prepanng tablets of the proper size
and. consistency. Disintegrants are used for the
bireak-tip of separation of the lablet's vainpressed
ingredients. This ensures prompt exposure of drog
particles tor the  dissolution proicess: theteby en:
hancing drug absorption, 48 shown in Figure 4.12.

Tablet coatings are of several types anid for several

different purposes. Some called interic mztmgs
are employed to permit safe passage of a ¢

centain drugs may be destrayed, to the more suit-
ablejuices of the intestines where tablet dissolution
safely takes place. Other coatings protect the drug
substance from the destructive influences of mois-

‘Table 4.8, Bxamples of Dirugs that Undergo
ﬁimiﬁc&nt Liver Metabolism and Exhibit
Low Bioavailability when Administered by

“:Fmﬁ-‘pm: Routes
‘ Drug Class - Eeamples
pertazocing,
propovyphene
Antianginal Mitroglyiernin
Antiariytbmics Ligtotaimie
Belaadrenergie blockers  Labehulol metaprolol,
: prapranolal
Caliugn charinel blodkis . Vempatnil
Syimpathomimetic amings - Hoproterendl
Thibvelic antidepredsants Drésipraming inlpraming,
notmpyling
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DOSAGE FORM L

Disintanration ‘ \

GHANULES gﬂaa-w-mp SOLUTION

Lieanuregation l

FINE PAR‘!‘ICLES o

Fig. 412 Schemabic drnwing showing distitesition of
rabtet dosage form and dirsi? availability of the nkents wia
sapeule dosave form B dissolution and drap abarplion afir
oral aeministeation, [Reprinsed 1ith perassion. fowt Bpu
lavid ‘ML Reger TN Clinical” Phipwiacokinetics. 2nd Bd.
Fhaladeighia: Lin & Febiger, 1985).

ture, light, and air throughout their period of stor-
Boe or to panced) a bad or Bitter taste fom the taste
buds of a patient. Commercial tablets, because of
their distinctive. shapes, colors, and frequently em-
ployed monograms of company symbols and code
numbers facilitate identification by persons trained
i - use and serve as an added protection o
li mxm

Capsules ave solid dosage forms in which the
Mmg substance and appropriate pharmaceutical

Mlam mé ﬁm losed if mt‘m “53!:&%!&1 or

ikmmmmfmg adm and are o
tinctive shapes and colors when produced com-
metcially, Drug materials are released from cap-

‘sules faster than from tablets. Capsules of gelatin, a.

‘protein, are rapidly disfigured within the gastroin-
Aestinal tract, permitting the gastric Juices to per-
meate and reach the contents. Because unsealed
capsules have been subject to tampering by un-
serupulous individuals, many r:apsnles nowadays
are sealed by fusion of the two capsule shiells, Also,
capsule-shaped and coated tablets, called caplets,”
are-dncieasingly wtilized. These are easily swal»
lowed but their contents are sealed and protected
from tampering like tablets.

Syspensions re preparations of fnely. divided
drugs held tnsuspension throughout a suitable ve-
hicle, Suspensions taken omlly generally employ
an anueous vehicle, whereas those employed for
ther purpbdes may wilize a different vehicle: Bus-

pensions of certain drugs to be used forinkamis-
enilay injecton, for instance, may be maititained in
2 suitable oil, To be suspended, the drug particles
st be insoluble in the vehicle in whichthey are
placed, MNearly ail suspensions must be shaken be-
foredise becauze they tend o settle Thisendlinse not
onlyuniformity of the preparation but more Impor-
yantly the administration of the proper dosage. Suss
pensions are & useful reans to. stminister large
armbliaks of selid drigs that would be inconve-
niently taken in tablet or capsule form. Ly addition,
suspensions have the advantage over solid dosage
forms in that they are presented to the bady in fine
particle size, ready for the dissolubion process m-
mediately upon administration. Mowever not all
oral suspensions areinterided to be dissobved and
absorbed by the bodly. For instance, kablin mixhire
With pectin an antidiarrhedl préparation, sontaing
suspended kaolin, which acts i the intestingl tract

surface area of s particles,

Dhtes administerad in aqueous solidion are ab-
sorbied much more rapidly than those adrinistered
irvsolid form, becanse the provestes of disintegration

and dissolution are niot requnred, Phamiapettical so-

lutions may differ in the type of sclvent employed

and therefore in their fluidity characteristics. Amang

the solutions frequeritly administered orally ‘are
elixirs, whith are solutions in & sweetened hyclroal-
cobolic vehicle and are more mobile than water,
syrups, which generally utilize sucrose solutions as
the sweet vehicle resulting in a viscous preparation;
and coluti s, which officially are prepa-
hich the drug substance is dissalved pre-
Iy in an aqueous velticle and do not for

reagons of their method of preparation. {e.g injec-

tions, which must be sterilized) fall into another pat-

‘egory of pharmaceutioal preparations;

Absorption

Absdrption of drugs after bral administration

i l oecur at the various body it between the

is mbsmbed along the length ofthe alimmmmr bract,

the more rapid will be its action; a desirable feature
inmost instances. Because of the differences in the
chiennical and physical nature among drug sub-
starices, a given drug may be better absorbed from
the: environment of one site than from. another
ithim the alimentary Hack

Thig oral caaty is nsed g cetainiorrasions as the
absorption site of certan druws: Physically, the otal
absorption of drugs is managed by allowing the
dug substance ta be dissolved within the oralcay-
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ity with infrequent or no swallowing until the taste
ot the drig has dissipated, This prodess is pteome
migdated by providing the drug as extremelysolu-
ble and rapidle dissolving uacoated tablets, Daies
tapable of being absoarbed inthe mouth present
themselves to the dbsorbing surface in @4 much
e consentrated: form than when swallowed,
since drugs bécome pragressivaly mors diluted
with gashrointestinal secretions and contents as
fhiey pass plong the alimentary fack

Curently the oral or sublmousl (bensath the
torguebadministrabion of dnugs is regilardy used for
onily a few drugs, with. nittoglycerin and [cerbrin
sternid sex honmones being the best examples, Mi-
troglyeering 4 coronary vasodilator used In the pro-
phylaxds and treatment of angina pectods, 18 avail-
abile i the form of Gy tablets which are allowed to
digsolve under the tongue, produding therapeuticel:
feiche B n o rannites after admirdstration, The dose
of nitroglyeerin is so small (usually 400 ug) that it
were swallowed the resuiting diltute gastrointestinal
corceniration may ot result in reliable and sath-
clentdrig absorpiion. Even more important, howe
gver is the fact that nitroglyeerin is rapidly destroyed
by the liver through the first-pass ffect, Many sex
hermones have been shown to be absorbed materis
ally better from sublingual adrinistiation than
when swallowed. Although the sublingual route is
pmbkbly an effective absorption route: for many
other drugs, it has not been extensively used, pri-
manly because other routes have proven satisfactary
and more convenient for the patient, Retaining drug

subistances in the mouth is unativactive because of

the bitter taste of most drigs.,
WWW‘ ity altered within the mmmimmﬁmi
der them less avallable for th
may result from the drug’s interaction Mm o
himdimg to some normal constituent of the gas-
trointestinal tract or a foodstuff or even another
drug, For instance, the absorption of the tetacy-
cline group of antibiotics is greatly interfered with
by the simultaneous presence of calchum. Because
of this, tetracycline drags must not be taken with
milk or other calcium containing foods or drugs.
I some instances it is the intent of the pharma-
cist to prepare a formulation that releases the drug
slowly over an extended period of time. Thete are
sany ethods by which slow release i aooon
plished, inchuding the complexation. of the drug
with ariother material; the combination pfwhich s
nry slowly released from the dosage foro Ay e
ataple of this 1sthe slow-release waxy st potas:
st chionide tablets. These are designed torelpase
thielr contents gradually as they are shuited through

passive diffusion through the lip

wirell fresin this sire; whereas wiak bases
ionized i the stomuch and )
sorbed from the gastric surface. Alkalinization of
the gastric envirormnent by artificial means (sinul<
tareots administiation of alkal

the pastrointestinal bact Beeause thelr conténis
dre Teached out gradually there is less incdence of
sasiric-fmitation. The intermingling of food and
drup generally resulis in delaved drup absorption,
Since most drigs are absorbed moere effectively
From the intestines than trom the stomach, when
rapid absorption is intended, 1t 18 senerally desiv-
able to have the drup pass o the stomach inl
the ittestines as rapidly as possibie. Therelfore gos-
tric emiplying fime IS s imporbant Tactor in effect:
Ing drup action dependent upon intéstinal aboerp-
tion, Gastric emptying time may be ihereased by a
rmber of factors, Indluding the presence of fatty
foods (more effect than proteins swhich in am
have more etfect thao carbohydeates), ing on the
back when bedndden (iving on the tight side faci-
itates passage innany instances), and the presence
of deugs (for example, morphine) that have a.qui-
eting affect an the movententa ol the pastrointest-
nal tract Tf & drug is adndnisterad in the formofa
solution, it may be expected by pass into the ine
testines more rapidly than, dmis administered in
solid formi, Aga nile, large volumes of water taken
with medication facilitate gastric ‘empiying and
passage into the intestines,

The pH of the gastrointestinal tract increases
progressively along its length froma pH of about 1
in the stomach to approximately pH B at the far end
of the intestines, pH has & definite bearing on the
degree of ionization of most drugg, and this inium
afferts lipid solubility, membrane permieability and
absorption. Because most drugs ave absorbed by

lipid/water partition coefficient and the p!
drugs ate of prime importance to both their s:zgxee
and site of absorption within the gastiointestinal
hact. As a general rule, weak acids are largely
unionized in the stomach and are absorbed faitly

ghiy

e ot significs

caline or antacid drugs)
would be expected to decrease the gastric absorp-
tion of weak acids and to increase that of weak
bases. Strong acids and bases are generally poorly
absorbed due to thelr high degrees of toniization.
The small nitestine serves s the majbr absorp-
tion pathway for drogs because of its suitable pH
and the great sarface ares available for drug ab-
SprpHcn within fts aporosdmiate 20-foot length ex-
tending o the pylois at the base of the stam
ach to the pnction with the latge mtestine 4 the
cecurt. The pH of the lumen of the intestine is
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abiat 6.5 {see Fig 4.8 and both weakly acidicand
wzakly basic ditugs aee well shaorbed Fom the i
testinal surfaon, which belaves in the itnization
and distribution of drugs between it and the plasma
s the other side of the membrane as thoughits pH
wers about 5.3

Revtal Route

Seme dringsare administered rectally for theirlo
cal effects and ‘others for their systemic éflects.
Dirups given rectally shay be administered as soli
tions, suppositories, o pintents. Supposttories aie
defined a8 solid bodies of various weights and
shapes intended forintioduction into a body orifice
{usually: rectali vaginal, or wrethral) whers they
soften, mell, or'dissolve, release their medicalion,
and pnert thel drig sffetts. These effects gimply
micoy be the promotion of laxation fas with glyeerin
suppositories), the soothing of inflamed Hssues
{ag with vaniods commertial suppositories used
to relieve the discomfert of hemorthaids), or the
promation of systemnic effects (as antinausea oran-
Hinoton sickness) The composition of the supposi-
tovy bage; by varder of the medication, can greatly

influence the degree and rate of drug release and

shaum b»a mmmd on an mmwdual basis fm mm

“The rmm and the eolon can absorb many solu-
ble drugs. Rectal administation for systemic action
may be preferred for those drugs destroyed or fnac-
tivated by the environmenits of the stomach and in-
@ administration of drugs by the rectal

soute may also be indicated when the oral foute is

precluded because of vomiting or when the patient
inconscious or incapable of swallowing dougs

\mmly without choking. Approximately 50% of a

dose of drug absorbed from rectal administration is
likely to bypass the liver, an important factor when
cmmmmmg those orally administered drugs that are

wapidly destroyed in. the Hver by the first-pass effect.

On the negative side, compared with oral adminis-
tratioh, rectal administration of drigs i inconve-
mentand the absorpiion of drugs Font the rechim
is frecuently bregular and difficult to predict,

Parventeral Route

Thie tertt parenteral 1s derived from the Greek
wiords pare, meaning beside, and enferon, meaning
Intesline, which together indicate samething done

all injections, they are more expensive

Considerntions He

outside of the intestine and not by way of the 2li-
metlary tract A drug administered parenterallv 5
one injecisd throush the hollow of 2 fne peedle
il the Body at varioussites and to various depths.
The three primarv soutes of parenteral adminisira-
Hion are subcutansous, ntramuscular (M0, and ine
travencus Iy ai:th;}:;gx thers are othersstich as in-
fracardiac and

Drugs dastrayeﬂ s:;machvam:} i1 the pastroin-
testinal tract &r foo poorly absorbed 1 provide sai-
istactory response may be parenterdlly adrinis-
bered, The parenteral route 45 algo pretemed whet
rapid absorption is essential, agin pmergency sty
ghiong. Absorption by the parerderal voube Is not
only faster than after oral administration, but the
blood levels of drag thet result are far move pre-
dictable, becanse litle is lost after subritaneons or
intiamuscnlar injection, and sdrtmlly none by ine
ravenous injection; this alse generally permits
the administration of smaller doses, The parenteral
route ofadministration s especially usefil o freat-
g patients who aredncobperalive, uheonscious
or otherwise unable to accept tral medication,

Cine disadvantage of parenteral adeinistration is
hat once the drug IS injected, there e no retieat.

That is, once the substance 15 within the Hssuss of

is phmeci directly into the blood strearn, rernoval of
the drug wartanted by an untoward or toxic effect
foran’ inadvertent overdose i5 most difficult. By

‘mﬂhen: means of aﬁm&mstratwm kahm is m ime

wf vmmg mfter an mr ‘mmm dmgj‘»
Also, because of the strict sterility requirements for
other
dosage forms and require competent: ained per-
spnnel for thelr proper administration

Dosage Porms Applicable
Pharmaceutically, injectable preparations ate.

isnadly either sferile suspensions or slutons ofa
drug substance in water or in a suitable vegatable

ol Drugs in solution act more rapidly than drugs

in suspension, with an aqueous veticle providing
faster action in each instance than an oleaginous
viehicle. As in other Instanices of drug absorption, 8
drug ust be in solution to be absorbed, and a sus-
pended drng must first submil to the dissolution
process, Adeo, becavse body fluids ate Aquenus,
they are mote receptve to drugs in an squeos Ve
hitle thian those i an oily one. For these reasons,
the rate of drig absorpion can be varled in par-
entoral products by selective combinationg of drig
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siate and supporting vehide For imslance, a sus-
pension oif a drug ina vegetable oil ikely would be
mueh more slowly absorbed than an aquesus solu-
Hor of the same thug Slow absorption means proe
longed dmg attion, and when this s achieved
through pharmacentical means, the resulting prepa-
wation is mierred to as a depoi or repository njechion,
because it tepresents 2 storage eservoir of the drug
substarice within the body from which it s dowly
removed into the systeric dreulation. In tes te-
gard, everl more Sustained drug actdon. may be
achieved through the use of subeulaneous tmplans
taren of compressed tablety teomed pellets that
ae tnly slowly dissolved fom their site of inplan-
ation, reléasing their medication ata rather con-
starit rate over a penod of several weeks to many
wipnths: The repository tvpe of injection s mainly
Hirmited to the subtutaneous or miramscularioute,
I is pbvious that drugs injected Intraveously doniot
ericointer absorption barriers and thus produce
only rapid drig effects, Preparations for infravenous
irpeckiom must nobinterfere with the Blood compo-
nents or with circulation and theyefare, with few
exteptions ate aguecus solutions,

Suboutaneous [njections

The subeutaneous (hypodermic) administration
; voives their injection through the layers
4 thie loose sibcutaneous Hssise: Subtu-
ections are prepared as squecus soly-
Hons oras suspensions and are ads e-md tnrel
atively small yolimes of 2 mb or less. Insufinis a
example of a drug administered by e s
v tbmkmeaus mw ons are ge

them: by rusion or fltration. The mpmmy ‘alll is
an example of a membrane that behaves as a lipid
pore barriery with lipid-soluble substances pene-
trating the menbrane at fates varying with their
oilhwater partition coefficients. Lipid-insoluble (gen-
erally more water-salubile) drugs penetrate the ¢ cap-
i embranie gt rates which appiar to be'ine
werselyrelated to their molesilar size; with smaller
misleoules penetrating ouch mork rapidly than
Yarper ones. All substances, whether lipid-solible
o ot cross the capillary membrane ab rates that
are ymsch more rapid than the tates of their rans-
fer acroes oiber body membranes The Hoodisup-
phy i the site of injection is an important faclor in
constdering the rate of drug absorpton, vonse-

stance, one deep in

auently the more proamial capillades are to the site
oiirgection, the more prompt will bethedmugs ens
fanee into the cirenlation. Alse, the more capiliar-
ies, the more surbace area for absorptiors and the
faster the rate of abisdrpbion, Some gubsiances have
thezapability of modilying the sate of drug sbsorp-
ton froma subcutaneous site of miection The ad-
dition of 2 vasconstricior to the injection formala-
Hon {or its priot injection) will generally diminish
the rate of drug absorption by catising constriction
of the blood vessels i the area of injection and
thereby reducing blood fow and the capacity for
bsvrption. This prindiple is used in the adminis-
tratian of loral anesthetics by siploving the vaso-
costrictor epinephring Conversely, wasodilatons
miay be used to enhance subculanecs absorption
by increasing blood flow o the dres. Phvsical eeer-
tise can also influence the absorption of drug from
an injection site. Diabetic pabients who rotdte sub-
cutaneous injection sites and then do physical ex-
Preise, e, jogging st vealize the unset of ine
slin activity might be influenced by the selected
site of adrainistration. Becayse of the movement of
the leg and blood circulation to it during runring,
the absorption of insulin from a thigh injection site
would be expected to be faster than that from an
abdominal injection site.

Intramuscular Injections

Intramuscular injections are performed ﬂﬁﬁ? o
the skeletal muscles, generally the gliteal or lam
barmuscles. The site Is am«mm mmm mha mimge:
oi hitting a nerve or blood Al
s ot oleaginous sl
used: mizamusmiaﬂy ;
their inherent low solubilitics, ymm%wz wmtaim&
drug action aftarmimmmummdw inje i
i “““\j E it

pension of penicillin G benzathine ¢

tive blood levels of the deag for seventoten ‘d&ys

”mmgs that are mi%amimg to subcutaneous fissue
ly. Also, greater

mlumes (to5ml) may m j
plarly than subcutanewwywnm avelume greater
than 5 mL s o bemn ei:md,,‘ : ﬁﬂ&qmmﬁy a

tered in divided doses using two injection sites. In—
jection sites are bost rotated when A pabient 18 re-
ceiving repeated injections overa pedod of time.

Intravenous Injections

In the intravenous administration of drags) an
aguenus sontion 6 infedted diréctly into the veinat
# rate cormmenstirate with efficlency, safety, com-
foreto the patient, and the desired duration of drug
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response. Dirpgs wiay be adwinistered intraverously
asasingle; small-volume injection or ab g arge vols
e slow inbavenous drip infusion {28 iscomunion
following surgery). Intravenous injection allows the
desired Hood levelof drug to be achieved inan op»
nmal and quarnditetive manner Tntravenous Injec-
Hots aretisually made Into the vems of the forearm
and are sapecially usehal i emergency situations
where immediate drup response is desyed, It s
sasephial that the driip be maintained incsolation
after irffecion and ot be precipitated within the
cieeulatory svshonn, an event that might produce
ermboli. Because of & fear of the development of
pulmonary embolism, oleaginons bases are not
usually intravenously administered. However an
intravenous fat ernlsion is Used therapeutically &s
a valorie sourse for patients receiving parentemsl
piakition aliose valonc requiremienits cannok be
gt by glisose. T may be adivunistered either
through @ peapheral vein or o contral venous
catheter atadistinct rabe to help prevent the ocour
rence of uitoward veactions.

Intradermal Injections

These injections are adiministered into the corivm
of the sk, usually in volumes of about a tenth of a
nilliliter, Corimon sites for the injection are Hie
arm and the back The injections are Frequently per-
formed &8 ‘ﬂingmmm measures, as in tuberculin
andalletay tegting.

Epicutaneous Route

Drugs are administered topically, or applied to
the skin, fm their action at the site of application or
i termic drug effects.

arption via the skin is enhanced if the

lipid/water partition coefficient, and if it is a non-
‘electrolyte. Drugs that are absorbed enter the skir by
mym the pores, sweat glands, hair follicles, seba-
glands, and other anatomic stractures of the
riace. Because blood capillaries are present

‘ epidermial cells, 2 drug that penetrates
theskin angl s sble totraverse the capillary wall finds
ready access to the general ciroulation.

Anong the dew deugs currently emploved
topically to the skin surface for percutaneous sh-
seeption - and - systenie action are pitroglyoerin
{andanginal), nichline (smoking cessation), esiras
diol (estragenie hormone), clondine antihyper-
tenstve) and suopeléring fantinausealantimonon
sickriess). Bach of these drugs is avadlable for use in
the formof ransdermal delivery systerms fabiricaterd

Jre semisolid preparations in which #
contained in a suitable base {ointment
18 itself semisolid and either hydrophilic or hy-
drophobic in character. These bases

Wm ubstange. 18 in ﬂﬂlﬂﬁﬁr&, 14k heig o Tavorible

a5 s adhesive dise or patch which slowly releases
the medication for pereutaneous absorption. Addi-
tiemally, nitroglyeenn 5 available ih an vintmerit
forrn forapplicetion to the skin’s anlaee for ays-
terite absorption. Nitroghyoetinis nsed thempeuati-
dally for schemnic heart diease; with the bansermal
diisape forns becoming dncmeasingly potilar be-
cause pFihe benehtin patient tompliance thiugh
theirlong-acting (24 hours) charctenstics The nis
trbplvcerin pateh s gerierally applisd to the Ao or
chest, preferably in @ halr-free or shaven area: The
transdermal scopolarnine sviem s alsoan thi form
of a pateh to be apphed 1o the skingin this case, be-
hind the ear The deagsystern is indicated for the
prevention of nausea and vomiting assoclated with
mption siciness. The commercially available prod-
uct ds applied to the postawricular ared several
hotirs betore need (as prior to an alr o sea hip)
where i reloases its medication aver a period of 3
days. The coneepts of transdermal therapentic gys-
femg are discussed fucther in Chapter 10

For the most part, pharmaceitical poeparations
applied to the skin are intended fo serve some local
action ‘and as stich are formulated o provide pro-
longed local contact with minimal absorption, Dinags

applied to the skin for their local action include

mmepncs, antifungal agen’m, mmﬁﬁmmmmy

the effects of the sun, wind, pmm mﬁi nmm ‘ m

tants, For these purposes, drigs are most 0o mmrﬂly
Mmmmmned in the tarm mir* wmmmm m

: ‘mﬁ:

: WP
rations mm as sa!umm amd ‘immm

Pharmareufically, ointments, ereams, and pmw
g s
is¢), which

an impot-
tant sole in the proper formilation of semtiselid
preparations, and there is no single base univer-

sally suitable as 2 carrier of all drug substances or
for all therapeutic indications, The proper base for
a drug toust be determined individually o provide

the desived drug release rate, staying qualities after

applicationand texture, Briefly, otntinenits mresim:-
ple mixtures of doug substances I an sintment
base, whereas creams are semisolid emilsions and
are less vistid and lghter than ointments, Créams
are ponsidered to have sreater pathete appeal due
boy Hhelr nongreasy charecter and thele ability to
“warishinto the skin vpon rubblog, Pastes vontain
minte solid materials than do ointments and are
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theretore stifter and lese pensbaating. Pastes are
wsnally emploved for thelr protective acon and for
their ability to absorh serous discharges from skin
lesions. Thus when protective tather than thera-
peuticaction s desired, the formulation phatmacist
will favor & paste, butwhen therapeutic action s e~
quired, he will prefer sintments and ereams. Come
mieticalty. many therapeutic agents are prapaved i
both ointrient and cream form and are dispensed
and weed according to the particular preference of
the patient and the presotibing prachifioner,

Medivinal powders are Intimate midtures of me-
dicinal sibstances vsually nan inert base s tal
o powder Depending upon the partidie sive bf
e resulting blend, the powder will Have varying
dusting and covering capaotlities. In any case, the
particle size should be small enough to ensure
apainsl gritiness and conseguent dkin dniation.
Povwders are miost Frequently applied topleally 10
relieve such conditions as diaper rash, chafing, and
athletd’s foor,

Wiien topical ‘application 15 desired in Hquid
feirry pthier than =olution, lotions are most fres
quently employed. Lotions are suspensions of solid
materials i an aqueous vehicie, although certain
emulsions and even some true solutions have been
mmgmted as lotions because of sither their ap-
: | pplication. Lotions may be pmﬁamﬂ
| i preparations because of their non-
greasy haracter and their increased spreadability
over large areas of skin.

Ocular, Oral, and Nasal Routes

Drugs are frequently applied topically to the eye,
eay, and the mucous membranes of the nose. In
these instances, oiritments, suspensions, and solu-
tions are ganmlly employed, Ophthalmic' solu-
tions an nstons are sterile aqueous prepera-
tions with other quantities essential to the safety
and tomtort of the patient. Ophthalmic ointmends
st be 5mﬁim and also free of gritiness. Innova-
tive new delivery systems for ophthalmic drugs
ponkine fo be investigated. One dmmgxg feirry the
Ocusert, is an elliptically shaped wnit designed
for continuous release of pilocarpine following its
placement toko the eul-de-sac ol the v, Purther
case reports of the abihity of soft contact lenses to
absork drig fron the eve have spavwried research in
the development of soft contact lenses impregs
nated iwith drug for therapeutic application in the
wye. Nasal preparations are wsually sohubions or
susperisions admirdstered by drops or as a fine mmist
froma niasal spraveontainer. Camrentresaarch s idi

rected towand the featibility of the nasal adniinic-
tration of insulln for dinbéies selibus Olc areas
preparatons ave usuallysdseid so that they have
projonged contact with the affected area They may
be emploved simply 1o soften ear wax, threlieve an
garache, orto :mbaf aner xxﬁemm Eye ey, an&

gffects, and although uphthalmm and otic prej}&!&
tigns dre not usually sheorbed 1o en prear exteny
nasal preparations may be absprbed, and systemic
effects aiter the intranasal application of solution
are notunusual

Other Rantes

The lungs provide an ewcellent absarbing surface
for the administration of gases and for asrosol
iists ot very minute particles of liguids or solids:
The gases emploved are tmalnly oxvgen and the
pommmon general anesthetic drugs administered to
patients entering surgery. The rich capillary area of
thealvach of the lurigs, which in man covers pearly
o thousand square feet, povides rapid absorption
and drug effects comparable in speed to those fol-
lowing an intravenous injection. I the case pl drug
particles, theix size larpely determines the depth to
which they penettate the alveolar regions; their
solubility, the extent to which they are absorbed.
After contact with the inner surface of the lungs;an
Insoluble drug particle: s«mmghk inthe mum and
is maved up the pulmonary tree by i
Soluble drug particles that am approdmately )
1,0 ju in stze reach the mirute alveolar sacs atd are
mast prompt and efficient in providing systerric ef-
fects. Particles that are smaller than (.5 ju are ex-
pieed to some extent, and thus thelr absorption is
not total but variable. Particles from 1 to 10 pin size
effectively reach the terminal brorichioles and to
sume extent the alveolar ducts snd are favored for
tocal therapy. Thmnfnm in. the pharmacestical
rnanufacture of aerasol sprays for inhalation ther-
apy; the manufacturers not only must attain the
proper drug particle size buk also must enstire theie
uniformity for consistent penetration of the pul-
monary free and uniform effects,

In certain instances and for local effects, drugs
are inserted into the vaging snd the urethra, Drugs
are usually presented to the vagita in tablet form,
as suppositories, ointrents, emulston foams, gels
o solutions, and to the weethra 83 suppositories of
splutions: Systernic doip sffects tay résulb after the
vaginal or wrethral application of drigs due toab-
sorption of the drog o the mitous mimbianes
of these sites,
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Fate of Drug after Absorption

Adver absorption into the general dirculation from

any route of administration, a drug may become
bonnd o blood proteins and delaved in e pageage
intothe surronnding Hssues. Many deug substances
may be highly bound to blood protein and others
little-bound, For instance, when in the blood sheam,
Haprowen je 99% bownd ro plasima proteing peni-
gillit s 80% bourd amodclinonty 20% bound,
and minoxidil is unbound.

Thedegree of doag binding to plasma protelns is
il eoressed ds @ percentageor as a fackion
{termed wipha, ot o) of the bound concentration
{C,) ta the wotal coneentration {C), bound plus g
bound 1C, Ldre:

L W
C+G §

Thus, I one knbws bwo of the three terms in the
equation, the third may be caleulated. Drags having
an alphia value of greater than 09 am considered
highly bound [90%); those drigs with an alpha value
of Jess than 0.2 are considered to be Bitle 20 or
less) protein bound. Table 4.9 presents approximate
serurn protein binding characteristics for representa:
tive drugs present in the blood under conditions as-
‘soclated with usual therapy: The drug-protei com-
plex is reversible and involves albumin, although
globuling are also involved in the binding of drugs,
particularly some of the hormones. The binding of
cinigs to biologic materiale involves the formation of
‘ eak bonds (g, van der Waals, hivdrogen)
:and jonic borids). The binding capacity of blood pro-
\mm ] :mm d am»r.i onice they are satirated, addic
J‘timnal »dm ahmrbem mm the blmd stream mmm

B

Emm m Ieawfe the bmm! mm ﬁm
sites within the body,
ist mith&r exposed m “hw bmly’a

‘&wm ﬂmuwx Mw rénal ‘glomeruli. Boumiﬂ : ‘
therefore refered ta as the inactive portion in the
blood, and unbound drug, with its ability to pene-

trate cells, is termed the actioe blaod portion. The

bonnd portian of drig serves a5 4 drug resavai or
A dipoy, from which the drugis released asthe fee
toren. whien shie level of free drug in the blood np
longeris adequate to ensure protein safuration The
free drag may be orly slowly released, thereshy in-
oreasing the duration of the drmg’s stay in the body,
For this reason & drug that s highly proteln bound
iy perain i the body for longer periods oitinie

Table 4.9, Examples of Doug Bindling o
Plagmia Proleins

Drug Fercent Bound
Waproxen (Napiosyn) 20
Chiorambuel (eukeran: >y
Eiodolae (Lodine) 04
Warkarin (Coumadiny S
Fiooetine (Prozec) =45
Clowacillin (Tegopen). 2ah
Cafiaxone (Rocephin) #e.95
Cefopenyzone [Cafohid) 8293
Cefonicid (Monbeid) = 1]
Indomethacine (Indotm} bt 3
Spwonclactope [Aldactone) a0
Digitodn (Crystodiping =ol
Cyelosparine (Sandimrmune) el
Sulfisoxarole (Gantrisin SR
Drltiazem (Cardizend) TO=R0
Peninlin ¥ (Veetds) i
Mitoglvesrin (Nitro-Bid)
Fendllin G Potassium
Methotréotte
Methicillin (Stapheilting
Celizokime (Cefizo)
Captopeil (Capocide)
Ciprofiokacin {Clpro)
Dhigein (Lanoxin)
Armpieilin (Ominipen)
Aumpndeillin (Amoxdl)
Metronidazole (Flagyt)
Mercaptopurine (Purinethol)
Cephradine (Velosef)
Rantidine (Zantac)
Ceftazidime (Taricet )
Micotine (Prostep)
Minesddil (Lonites)

‘ssociated with doag therapy.

and require Jess frequent dosag
than another drug that may be

driigs that bind strongly to albumin,
Teeanse it there is less albwmin sl

Avarags Titerature values, based n mmﬂimm mmﬂk

- administration
stightly protein.
bound and may remain in the body for only 2 short
period of time. Evidence suggests that the concen-

‘tration of serum albumin decreassy abaut 20% in

the elderly. This may be dlinically significant for

ilable Ea B the
deug there wall be a comresponding ingresse of the
Free drug inthe body, Without a dowrward dosage
adjustrment in an elderly patient, there could bean
increased incidence of adverse effects,

A drug’s binding to blopd proteits may be afs
fected by the simultanenus presence of asecond lor
mote) drug(s). The additional deaglsl may result in
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driip effects o durations of drug acion gilie dig
similar o that found when #ach & adrinistered
alone Balicviates for nstence have the eifect of
decreasing the binding rapacity of theosing the
thyroid howmonps, to protems. Phenylbutazone s
an srarple of & deap that competitively displaces
several pther drugs from serum binding sites, in-
cliding other antiinflarmiatory drogs, onl anti
coapulants, oral anfdiabetics, and solfornamides.
Thisotigh this action, the displaced drigs becorne
less protein bound and their activity {and toxicity)
may be increased, The intensity of a drug’s phat-
macplogic response s related to the ratio of the
bound driye persus fres, active drig and thethera:
peuticindexod the drug Warkarin, an anticobagulant
18 97% bound {0 plasrna protein leaving 3% in free
form to exert its effect. 11 a second drag, such as
naproxen, witich is strongly bound o plasma pio-
s is adnnistered and results Inonly 80% of the
warfarin being bound, this means that 10% of war-
farin is now in the free form, Thus, the blood level
of thie free warfaris (3 o 10%) has tripled and epuld
resultin serious toxicity. The displacerent of drugs
from plasma protein sites 18 typical in the elderly
who normally are mainiained on numerous medi-

Gities, t:mpied with the aforementionied ﬁimmm

pmimu’s mm:mg treatment regimen wmmlni pnm
significant problems if the patient is not monitored
carefully for signs of toxdcity.

In the same manner as they are hound to blood
proteins, drugs may become bound to specific com-
porients of certain cells. Thus drugs are not disib-
uted uniformly among all cells of the body, but
rather tend to pass from the hiood into the: fuid
bathing the Hssues and may acoumulate i certain
cells according to their permenbility capabilities
andl chernical and physical atfinities. This affinity for
certain body sites influences their action, for they
may be brought into contact with reactive fissaes
(their recepior sites) or deposited in plaves where
they may be inactive. Many drugs, because of theix
Mﬁmw for and solubility in lipids, aré found to be
dmpmim[ ity fatty body tssue; thereby creating &
storage place or dmig reservotr from which they ate

stowly released to other fissues,

Drug Metabolism (Biotransformation)

Although some drugs are excreted fromthe body
iy thel original Torm, many drugs underpo bio-
transiormation prior to excretion. Biokransforma~
Honisaterm ased toindicate the chemical chianies

‘way for drug metabolism, thmmgh

compounds that are easil

that ovcur with drugswithil the body as thev are
metabolized and altered by various bicchemical
mechanisms, The biokanstormation of & doug re-
sults i ts conversion o ong smoe compounds
that are more water soluble, more fonized, Tess ca-
pable of binding 10 proteins of the plasma and s
sues, loss capable of being stored in fat fissug and
less able to penetmate cell membranes, and thereby
less active pharmacologically: Because of ifs new
charactenstcs, a dme so frangformed 1s rendered
less toxic and is more teadily ekcreted. Tt is for this
reason that the procese of blomansformation s
alsocommornly referred to as the“detoxbeation"or
“iractivation” proceds. (Mowever sometimes the
metabaolites are more gotive than the parent com-
pound; see prodeugs following)

The exact metabolic processes (pathways) by
which drugs are transformed represent An active
area of biomedical research, Mueh work has been
dorie with the rrocesses of anitmal degradation of
druigs and in maty instarices the blotansiormation
in the animal 8 thought to paralle! that in man.
There are four principal chemical reactions in.
volved in the metabolism of drugs: oxdation, e«
dugtion, hydrolysis, and confugation. Most tdda:
tion reactions are catalyzed by enzymes (oxidases)
bound to the endaplasayie reticulum, 2 fubular sys-
tem within liver cells; only a small fraction of drugs
are metabolized by reduction, mmugh the dctian of
reductases, present in the gut and liver; esterases in
the liver participate in the hydrolytic breakdown of
drugs contuining ester groups as well as amides;
glucuronide conjugation i€ the most common path-
combination of
the drug with glucuronic acid, ﬁmm% ionize

metabolic ‘processes, i et
acylation tonjugation seactions, occur wik;h certain
druigs to foster elimination,

In recent years, much interest has been shown in
the metabolites of drug biotransformation. Certain
metabolites may be as active o ever more active
pharmacologically than the original compound Oc-
pasionally an active dmg may be ronverted into an
active metabolite, which must be excreted as such
or unidergo further biotransformation toan ingetive
metabolite; £.g, amitmptyline to nostriptyline. n
othisr iristances of drog therapy, an inactive parent
compound, veferred fo as a prodrug: may be conx
verted to an active therapedtic sgent by chemical
transformation in the body. An examiple (s the pro.
drug enalaprl (Vasotec), which after oral adminis
tration is hydrolyzed to enalaprilat; an active an-
giotensin-converting enzymie (ACE) inhibitor used
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invthe treatment of hypertension: Enalapiiatitsell
is pootly shsorbed when taken orally and thus e
predrisg) but may be administered intravenousty i
agueniss solution. The uge of these ackive metabo-
lites asYoripinal” drugs represents o new area of
drig investigation and a-vast reservbirof polential
fherapettiv agerits,

Severdl sxaiiples of biotransformations vciie-
ring wathin the body are a5 follows:

iy Avetarminophen D020 Aretarinophen lucusonide
oot (nactive)

{2) damoxapine 2 8- hydroxy-amoxaping
factive) {inactive)

{23 Procatnaradde. bl oo 8 mehenzoic scld
lackve) {inactive}

{4 Migoglyoesn, fsien 1.0 gnd 1.3 diritroglvesiol
(vl {inactive)

Bemie parent compounds andergo Rl partial, oy
no biotransformation  following adminisiration.
Lisinopril (Zestrl), for example, does not undergo
mambmimm and s excreted unchanged in the
uring, On the other hand, verapamil (Calen) me-
tabolizes to at least 12 metabolites, the most pmwm
Jent of which i norverapamil. Norveraparmil has
20% of the cardiovascular activity of the pmm
compoind. Diltiazem (Cardizem) is partially me-
tabolized {about 20%) to desacetyldiltiazem, whick
hele 10-20% the coronary vasoditator activity of the
pammt ﬂmmpwm Indomethacin (Indocin) s me-
tebolized in part to desmethyl, desbenzovl, and
ummmym ‘mmyl mmabomea mrmypmm

.

‘ presgant action han the pamm mmpm ‘ﬁ“
;M greater local anesthetic effects, The majority of
metabolic transformations takes place in the liver,
vith some drugs as diltiazent and verapamil un-
derpoing extensive first-pass effacts. Other drups,
such as terazosin (Hytrin), undergo minimal first-
pass metabolism effects. The excretion of both drug:
and metabolited takes place primarily but to vary-
inp degries, vid the trine and feces. Bat sxample,
indnmethacis and its metabolites ave excreted pris
marify (60%) in the urine, with the remainderinthe
teves, wheteas terazosinand its metabolites are e
ereted Jargely (60%) through the feces, and e re-
triminder in the urine,
It mportant Homention thar several Bactors e
fhience drug metabolism. For example, there are

marked differences between specles it pathways
of hepatic menbolism of a given drug Species
differences make it extremaly difficult 1o extrapn-
tate from otie species to anothier e, laboratory
anirnals to humans, Furthefmons thers are wiany
examples of inferindidual variabions iy hepatic
mistabolisty of drags within one species Genetle
Factors are involved in the determination of the
basal activity of the dmg metbolizing enzyme
systerns. Thus, there can - be marked intersibject
verjation in the rate at which vertain individuels
metabolically handle drigs: Beeause of this vara-
ton, 4 physician oust ndividualize therapy o
amize the chances fora tonstmueiive therapeus
He outeorne with minimal todeity. Stadied in hu-
mgns have demonstrated that these ditferences
have oorurred within the cytochrome P-450 pas
neticcodes for 2 family of isoenzymes responsible
for drug metabolism.

Ape ol the patient 18 another significent factor
that influences diug metabolism. Although phar-
maeokinetio calculations have nob been ghle o de-
welpp 8 specific correlative relationship with age, it
is known, for example; that the ability th metabo:

Jize drugs decreases at the exiremes of the age

stale, e, elderly, neonate, Liver blood How is te-
duced by aging at about 1% per year begmning
around age 30.% This decreased blood flow to the
liver reduces the capacity for hiepatic drug metabo-
lism and elimination. For example, the half-life of
chiordiazepoxide increases from about 6 howrs ai:
age 20 to about 36 hours at age 80. Further an

immature hepatic system disallows the mffumiw

‘metabolism of drugs by the newborn o pmmam&‘
infant, As ‘mnhonexi earl

: haJl

“p i ‘ ‘
pkmyﬁ&im It has also been demonstrated that the

production of polyeyclic hydrocarbons by th

toal broling of beef snhances the hepatic mmbm
liset and shértens the plasma half-life of then:
phylline. It is concetvable that this effect could also
oiear with drugs that ate metabolized in similar
fashicm to theophyliine. Diet type, &5, Starvation,
guttaifpegatables (brusselesprouts, cabbage, biog
polih, has been shown to influsnce the metaboliem
of certain drugs. Lastly b s important wemention
thiateposure to Other drugs or chemicals, ez pes-
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Heides alepho] nicobine; and the presence of diss
saskatates o hepatits have all demonsirated an
infhuence on the drag nietabolisrm and consequently
the pharmaeolkinetic profile of certain driigs:

Excretion of Drugs

The excretion of drugs and their metabolites ter
midnates theic activity and presence in the body,
They nigy be eliminated by various youtés, with the
kidney plaving the dominant role by eliminating
drags via the urine. Drugexerefion with thie feces is
alap mporiant; especially for drugs that are poorly
abscrbed and remam in the gastrointestingd tract
after oral administration, Bt through the bile &5
siopificant only when the drug’s reabsorption fiom
the gastrointestinal tract is minimal, The lungs pro-
vide the mat for many volatile deugs through the
ipired breath, The sweat glands, saliva, and milk
pla oy minor roles an doig eliriation; Hows
ever, it should be recognized that if 2 drug gains ac-
cess foothe milk of a mother dudng lactstion, it
ol Basily eert s drug effocts in the nursing ine
fant. Bxamples of drogs that do enter breast milk
and sray be passed on to nursing infants include
thenphylline, peniciliin, reserpine, codeing, meperi-
dine, barbiturates, diltiazern, and thiazide diuretics.
s gwmmy goud practice for the mother to ab-
stain from taking medication during the gmim of,
time she is nursing her infant. If she must take
medication, she should abide by a ﬁmﬁmgwm mgﬁmm
and nursing schedule that permit her own therapy
yet ensure the safety of her child. Not all drugs gain
‘enrance into the mill; nevertheless, caution is
advisable. Manufachurers’ package inserts contain
product-specific information (usually in the “Pre-

cautions” section) on drug migration irto breast

milk.

‘The unniecessary use of medications during the
early stages of pregnancy is likewise restricted by
phys m s, because certain drugs are known fo
haye the am[ﬁty to cross the placental barrler and
gein entrance to the tissues and blood of the fetus.
Among the many drugs known to do so after ad-
mmmat o an expectant mother are all of th

anesthetic pases, many barbiturates, sulforamides,
5311@«{;;@3. and a number of other potent Agents
like quinine, meperiding; and morphine, the latter
two drugs being narcotic analgesics with great ad-
dicton Rabtties. In fact, s notunusual focs new-
barn infant to be born an addiet due to the narcotic
addiction of its mother and the passage bf the nar:
cotit drigs across the placental bartier,

Thie kidney: as the main crgan for the ehnunaton
of drues From the body, must be Rinctioning ade:

“Mthm the body may be markedly altered

guately if drugs sre'to be eificiently eliminated.
Por mstance, elimination of digodin ovows largely
through the Jdney according to Hrab-order kinet-
fes; that is; theguantity ob digtolin eliminated at ang
time is proportonal 1o the total body content.
Renal excretion of digoxin Is froportional to the
plomendlar ftation rate which when notmal re-
sultsin & digosan half Bife that oy range from 15
to 20 days, When the glomerlar filtration rate be-
comigs impaired or disnupted, however a8 Inan
arurepatient, the elimination rate degieases, Con-
sequently, the haif-life of digoxin may be between
4 to & davs. Becavse of this prolongation of digoxins
hali-life, the desage of the drug must be decreased
or the dosage interval prolonged. Otherwise, the
patient will experience distadn toxicity. The depree
of impainment can be estimated by medsurements
of glomemlar Altvation rates, most Often by creati-
nine dlearance determhination. Usually haweisr,
this is ot feasble arid the patient’s senum creati-
nirie valoe is used within sppropriate phanmacoki-
nietic eguations to help determdte & drig’s dosage
regimen:

Somie druge may be'reabsdrbsd from the renal
tubule even after having beenisent there for axore-
Hon, Because the mate of reabsorption is pmpamonai
to thie concentration of drug in uhltonized form, tis

possible to modify this rate h«y ad mﬁxxg t.he pH of

‘ma ity as wath the adnﬁmmamm Mmmmn bivar-
‘borvate, one can increase of decrease the lonization
“mf the drug and thereby ;

alter its prospect of being
teabsorbed, Aﬂmhnimkim m‘ the wine hids been
shown to enhance the urinary excretion of weak
acids such as salicylates, mﬁfmmmixfm, and phen
barbital. The opposite effect can be achieved by acid
itying the urine Thus, the duration of 4 Mgﬁ stay
ing the pH of the urine. Some foods, such as cran-
berry juice, can also serve to acidify the utine and

may aiter dmg excretion mm»

The urinary excretion of drogs may also be re-
tarded by the conenrment administration of agents

capable of inhibiting their tubular secretion. A well-

known example is the wse of probenecid o inkibit
the tubular secretion of varlous types of penicillin,
theteby reducing the frequenty ol dosdge ademinis-
trations usually necessary to 'muintain adequate
therapeatic bload levels of the antibiotic drug In
this particular nstance, the elevation of penicitlin
Blobd levels, by whatever shiife the antibiotic is
adiiniatered, to twofold dnd even fourfold levels
has been demonsirated by adiuvant therapy with
probenecid; The eftects are completely reversible
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uporewiticiawal of the probernienid fom voncomis
tant thempy,

The fecal sxcrstion of drugs appesrs o lag be:
hind therate of yrinary excietion partly because
day or 5o elapses before the feces reach the rectum;
It should be gasily seen that diigs administered
arally tor local activity within the gastrointestingl
wact and not absorbed will Be sliminated som-
pletélyvia the fees. Unless & diug i3 particidady iv-
ritating to the gastrbintestinal tract there 1s genet-
ally no urgeney in removing unabeorbable drugs
Fromy the system by mieans other than the norihal
delecatinn process. Some drugs that are anly pars
tally absarbed after pral administration will natu:
vally b partly eliminated through the recten,

Pharmacokinetic Principles

Thiz sechion introduces the concept of phamas
cokinetics and: how it - Interrelates. the “variins
processes that take place wher one administers g
dritg 10 4 patient, Le, absorption, distibution, mes
tabolism, excretion. Tt Is not intended to bevoms
arehensive, and this for Rirther information about
the subject thie veader is teferred to other appropri-
ate lit mm soroes.

A problem enconntered when tme needs to de-
termine & mote scourate dosage of a drug ora more
meaningful interpretation of a biclogic response to
a dose is the inability to determine the. m ity
centration at the active site in the body, Cange-
quently, to solve this diemma, the concept of com=
partmiental malyaim is nsed within the discipline of
pharmacokinetics in an attempt to quantitatively
define what has become of the drug as a function
sm time from the moment it is administered until it
is 1o langer in the body: ‘Pharrnumkmmm amlym&s
mmms mm&*\m al‘ i plif

‘ a m mgm Mﬂrh i
. The pri :
‘e represented by one or m mm»
enits or mlsinw&uch admg mm»:ia

specified :m»zmbrm across which drugs are mmm "
fervad (Fig 4013). The transfer of drugs intoand ot
of this compartment is indicated by arows: that
poirtinthe dieschion of drug mbvement into oy out
of the compartment. The rate at which a drug s
transterred throghout thesystenisdesignated by
& symbol that ususlly représents an exponential
rate constent Trpically, the Ietter K or kowith 'nus
mierical ot alpha-numedcal subseripts is utilized,
Thete are geveral assumptions assotiated with

Drug

Yy

Where:
Lo s the drug eoncenteation in plasma

¥ 4 15 the volume of the compartment of valtime
of: distributing

Fig 413" Schemalic of o one-cimiparbrient sisteri

modeling of doug behavior once i the body, It 1e
assumed that the vohume of each compartment re-
miging constant. Thus, an equation that deseribes
the e course of the amount of dnug in the com
partrent can be coriverted toan eduation that des
picts the time course of the drug roncentration in
the eompartment by dividing both sldés of the
zguation by the volume of the compartenent, Sec
ondly, it fs assumed that once @ drag entéts the
dompartment it is instantaneously and wniformly
distributed throughout the entire compartment.
Thus, it is assumed that a smnp'}img of any one por-
tion of the compartment will yield the drug con-
mmmn of the entire compartment. :

In compartment models it is assurned that drug
pmm freely into and out of compartmenits: Thus,
these compartmental systems are krown as”open”
systems Typically, the process of drug transport be-
tween compartments follows frst-order kinetics,
herein 2 constant fraction of drug present is e;imu
nated per unit time, and cant be xﬂmzmbm by ordi
nary differential equations. In these linear systems
the time constants that describe the rate at which
the plasma or blood concentration eurve of a drug

decays are independent of the dose of the drug, the
volume of distribution of the drug and the route of
adntinistratior.

The simplest pharmacokinetic model is the sin-
gle compariment operenodel system (Figure 4:13)

This model depicts the body as one compartment

characterized by a certain volume of distribution
(V) that remains constant. Bach drug has its own
distinet volume of distribution and this can be in-
fluenced by certain patientfactors, 2.2 age, dissase
shate stabis. In this scheme adnug can be instanta-
necusly introduced inta the compartment Te, rapid
intravenous admisistration, or gradually, egg, orel
administeation. In the formes oxample it is assurned
that the drug distributes fmmediately to- bssues
with mslartaneous attalnment of eguilibriuem, s
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the latier examnple. the drugis absorbed st a ceriain
rate and s chatacterized by the rate constant K
Lastly, the drug is eliminated fom the compart-
et at a certain rate that is characterized by arate
conatant Ko,

Tt s relevant at ths point o consider the wolime of
disteibution, V. The volurme of distibution 8 pro-
perionalily constant and is a term that refers to the
voluime into which the total amount of drog i the
body winld have to be uniformly distabuited o pro-
Wde the sovicentration of drig actually msasured.
ez in plasiua, in blood, This termycan be misleading
because it does not represent & speailfic body thild or
vohime, [t s influenced by the plasma-pirotein binds
ingand tssue binding characteristies of adrug These
then influence the dismbution of the drug between
plasma water extracellalar faid, intracellular. fuid
ard fotal bodyater Further, because adruigcan par-
fition between ft and water according 1o its unique
partition toefficient, this can also influende the vol-
e of distribution. Because of these phenomena,
phaimacokineticists find it converient to desoibe
drug distribution in terms of compartrment models,

T determine the rate of drug rranster into and
it of the compartment; plasma, serlim; ot blond
sampl:ea are drawn at predetermined Hmes after
ug i administered and analyeed for drug
xzmm‘ traton. Onee a sufficient nutnber of expert-
‘mental data points is determined, these are pmm
on semi-logarithmic paper and an attémpt is made
ta fit the experimental points with the smoothest
curve to fit these points, Figure 4,14 depicts the
plasma concentration ersus time profile for a hy-

pathetical drig following wapid intravenous injec-
Honofa bolus doseof the dougwith instanianeous
ehisbribiition. For deaes whose distribution follows
Hrst-order, one-compartment pharmacokinetics, 2
plot of the lozanthim of the doncenhation of doug
in the plasma {or blood) versus time will vield a
siraipht Hne. The eauation ‘that describes the
plasma decay ourve is!

G @?{Xﬂ‘ . {Bguation 4.1)

where K isthe first-order rate of elimination of the
druig from the body, C, Is the concentration of the
drug at a time equal to £ and €7, s the conrentra-
Hon of drug at ime equal to zero, ; when all the driig:
administered has been absorbed but none has been.
removed from the body hrough elimination mech-
anising; ¢.g., metabolism, fena) excretion, The ap-
parent first-arder tate ofelimination, Koy is usually
the sum of the rate constants of & nuinber of indi-
vidual processes, e.g, metabolic transformation,
reral excrefion.

For the purpase of pharmacolinetic calenlation it
15 simpler to convert Equation 4-1ip natural logs:

G, =TaCl K0 (Bquation 4.2)
and then to log basey:
Log G, = Log CF - K, (/2803 (Equation 4.)

Equation 4-3 is then thought of in terras of the Y-

inbercept form:

Yo %

Plateay
Values

10 15
Days

Fig: 404 - Plot of the plasme rovcentration-time - datn.
{Repivad lth pirmission frim Rewland M, Toeer TN, Cline
feal Pharmacokinetics. 2nd Bd, Philodelphin: Leie & Febigen
1889k

tered orally can be a
‘a one-compartment modal, whereas drugs: admin-
istered by rapid intravenous infusion are usually

Log C, = mwﬂ ~Ky2303 (9

and interpreted as mmh in the semi-logarithmic

plot illustrated in Figure 4.14. Most drugs adminis-
quately described using

best described by a two-rompartment or three-
compartment model systern

Assuming that a drug’s volime of distribution,
V. Is constant within this gystem, the total amount
of drug irvthe body (0. can be cakeulated Romithe
following equation;

Qp = [C8) [Vyl

Usually, %, is determined by extrapolating the
dmgwconcﬁnﬁaﬂon time plot back to time zero;

In this simple one-compartment system it is s~
mumied that the administered driig 18 confined to

(Bauation 4.4)
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the plasma (or blood) and then excreted. Dnigs
that exhibit this behavier will have small volumes
of distrbution. For ewmple, 3 drag such a8 wars
farin which s extensively bound t6 plasma albwrnin
will have avolume of gistribution equivalent to that
ol plasma water, about 2.8 liters in an average 70k
adult, Some drigs, however, will initially be dis-
iributed st sombwhab different rates in various fu-
ids and ssues, Consequently, these drugs’ kinstic
behavior can best be hushated by considenng an
expansion of the one-compartment system to the
tos conriparbiment mode] (Fig. 4.15),

Iy the twoscompartment system, a drug enters
into and is instantarieously diskributed farovighont
the cential compartment. Tts subsequent dishibu-
tion ko the setond oe peripheral comipartment Is
slower, For shmplicity, on the basis of blood perfus
sion and Hesuesplasma partition costficients for a
given drijg, Various Hessties and orgats are consids
ered together and given the desigriation s central
contparyment or peripheral compartment. The cén-
tral compartment is usually considered to include
thie blsod, the extracellular space, and organs with
good blood perfusion; g, lungs, lver, Kidneys,
heart. The peripheval compartment is vsually con-
shitured by those tissues and organs which are
poorly perfused by bload, e.g, skin, bones, fat.

Figure 4,16 depicts the plasma-drug concerttra-
Hon versus time plot for & rapidly administered
intravenous doge of 4 hypothetical drug which
exhibits . kinetic behavior exemplifying a. two-

‘compartment systemt. Note the initial steep decline
of the plasma drug concentration curve. This
typifies the distribution of the drug from the central
rompartment to the peripheral compartment

Drug

¥

| Central | Peripheral
| Compartment Ket . | Campartment
| Kic

Qp Vel

Where:

Q.= Quantity of drug in ceniral cormpariment
Ve == Volume of the central compartment

Qg Quanlity of drug in peripheral compartmant
¥y, =Volume of the peripheral compartment

Fig 4158 Schewmatic of & buog-compariment systent,

Plasimia Drug Concentration (meg/ml)

i i 43 {

A

1

e i
FoAL A5 98 24
Hotirs

S
R

Fig: 616 A semtlogarithmic plusma comeenbeation tersus
time plot of mn travenonsly siministened drig tiat follows
Jirst order, bog-comprrinent pharmioakiness,

During this phase the drug soncentrabion in the
plasma will decrease more rapidly than in the post-
distributive phase, t &, elimination phase, Wi
‘or not this distributive phase is apparent will depend
upon the timing of the plasma samples, particulasly
in the time immediately following administration.
distributive phase can be very short, a few min-
utes, or last for hours and even days.
A semi-logarithmic piot of ﬂm
pentration versus H rapi
jection of a drug which is best mammﬂ )
compartment model system can often be tesoly
inta two linear components. This provedure can be
‘pexformed by the method of residuals (or feather
ing), Figure 4.17. In this procedure, & straght line is
fitted through the tail of the original curve and ex-
trapolated back to the Y-axis (the value obtained is
B). A plot is then made of the absclute difference
values of the original curve and the resultant ex-
trapolated straight line. The &Mpa of the feathered
line (~a/2.303) and the extrapolated line (~h/2.303)
and the intercepts, A and B, are determined, Then
the following equation {5 constructed that deseribes
A tWoecompartmment systeny
(Egiation 4-5)

g; At 4 Herrht

Thig 1s'a bi-exponential equation whith déscribes
thie two-compartment systerm.
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Plasma Urug Concentration (mog/mll

1
B Ao

i
24

i ) i i
A3 e

Hburs

Fig 437 The logarithes of the drug concentration i pla
ypmm& versis tme (solid ling) after tfepentis od st
o of w drup whose dispusition e b described by a hwo-
mmpmmm sl

In this scherne, the slope of theine, Le,, ~a/2.303,
digtributive

‘obtained from feathering yields the
‘ dm The slape of the terminal linear
gl

therate of lmm of the drtig from th

body, and usu-

ally is considered to be a reflection of the metabolic

processes and reral elimination from the body, Ap-
propriate pxharmatakmeﬁm formulas allow the clin-
iclan 1o caleulate the various volumies of distribu-
tion and rates of distribution and elimination for
drugs whose pharmacokinetic behavior is exempli-
tied by the fwo-compartment system,

Half-Life
The half-life (T,,) of 2 drug describes the titne

reipred for s doug’s blood or plasmacontentiation
1t tecrense by one half This fall in drng coneenitras
ton is 3 reflection of metabolic processes and/or
exeretion, e.g., renal, fecal. The biological halflife
of & drug in the blood may by determined praphi-
cally off of a pharmacokinetic plot of & drug’s
blopd-concentration time plot typically after intra-

~b2,303, nﬁmmﬁbm

o

Diosage Fornt Dioston: Bogharmatonte md Pharpcokinetic Considorations

venous admmistation to asample popilation. Th
amount of tirie requited for the concentration o
the drug to decrease by one half is considered it
half-life, The half-life can alio be mathematcall
determined, Recall Bquation 4-3 and rearrangs the

equation as follows:

Kat, O
T =LogCl~ Log C =TLog—F =4
{(Eguation 48

Then, # it assumed that G, is equal toone-halt o
L0 the equation will became:

& st - g by cﬂ = Log2 (Equation 4.7
Thus,
)
e ﬁﬂi, Log2 Eﬁ& (Eeuation 4.8
g el

If this latter equation is rearranged, the half-lik
finds utility in the delermination of drup limina
tion from the body, provided of course that the dimy
follows first-order kinetics. Rearranging the prio
equation:

(= - De93 593 ‘m{qmﬁan 4.9

mainanmn mm mmmmm am mpmmﬁ m time "t

rug is eliminated pet hour,
“The half life vartes widely between drugs;
may be & l‘w mites, whereas fg
urs of even days crabh

oth s it may be h
410). Dataon 2 drug's biologie half-life are usefu
in determining the most appropriate dosage regi

men to achieve apd maintain the desired blooe

level of drug. Such determinations usually result i

such recommended dosage schechales fora drug, &
the drag to be taken: every 4 hours, 6 hours, 8 hours
ete. Althotigh these. maam of recommendations gen
erally suit the requirements of most patierts, the:
do not suit all patients. The must exceptional pa.
tients are those with redioed of impaived ability fc
metabolize or excrete drugs, These patients, gener:
ally suffering from Bver dystuncion or kidney dis
ease, retain the atdministeréd drug in the blond o
tissues for extended periods of time due to theirde:
ereased ability 16 eliminate the drug. The resulting
extended biotogic halt-life of the diug gensrallyne:
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Pable 40 Some Bliminaton Half-Life Values

Phug Sulstancs Product Elimanntion HalbLife 01)

Aretaminophen [Renol) 14 hours
Amoscllin Amal 1 hour
Butabarbital Sodium

{Butisal Sodium) 00 hows
Cimetidine [Tagamet) 2 heitss
Digitoxin {Crystodigin 7-9 days
Digonin (lanosan) 152 days
Drlcesern [Cardizer) 2.5 hinns
Thupriten (Mot 18- hotiry
Indamethadn (Ihdocn) 4.5 Hoursd
Lathinie Carbonate (Bskalith) 24 Hoars
Miteoglycedn (Tridil) X indamieet
Phenytoin Sodoim (Diautin F=28 bours
Fenrobarbital Bodhum

{Metbiital Sodium) 1550 howrs
Propiesyphigne (Damvon) f1 2 hours
Propransiol O (nderal & honnrs
Ranitidine HOV (Zantad) 2.5-3 hndes
Thiesohyllme (Thes-Du 315 hndrs
Tebrarivein Stilfake (Nebdin) 2 hotirs
Tolbtamide Krinase) 45455 ol

b, priraie o valge ranpes, taken from productine
Sormation Founid Ih Blisivians” Desk Refersacs. Slnd edy
1938, Mledical Broriomics Data, Montvale, New Jerseyt
Half-life values may vary depending upon patient charac-
teristiis (ages fiver orenal Runchinn, smeking habits, sle),
dose levels administered, and routes of administration.

Talte Inbtavenous intusion; nitcoglycerin by mpidly
‘merabolized to dinitiutes and monoitrates.

‘;:mmﬁmm an iidivichialized dosage regimen calling

less’ frequent drug administration than

At
called for in patients with normal processes of drug

-elimination; or a maintenance of the usual dmwa
schedule, but a decrease in the amount of drug ad-
ninistered:

The m’ug digondn presents a good example of 2
“dirg | i which is aﬁeﬁmﬁ”by the pa-
ologic condition, Digoxn is- eliminated

the urine. Renal excretion of digoxin is propor-
orial to glomerular fillration rate. In subjects with
netmal venal function, digoxin has'a half-lif
t02.0 days. In anurie patients (absence of urine for-

mation), the half-life may be prolonged to 4 to &
days, Theophyitine also demonstrates differing Half-
lives dependent upon certain patient populabions,
I premature mfants with Imimature Bver enzyme
sviteme in the evtochrome F-450 family, the half-
life-of thivophydlise ranges from 14 to 58 hoirs,
whepens inyaung children between theapesol 1w
4 whiose Iver enzyme systems are more mature the
theopbyiline halilite ranges between 2 to 5.5 hours,

remioved or cleated from thie body fnclud

“‘iﬂmg unchanged in the utine and

I adult nonsmokers, the halt-life ranges fom 6.1
40 12,8 hours, whereas inadult smokers the aver-
ape halt-life of theophylbine 15 4.3 hours, The i
créase in theophylline clearance from the body
arnong smokers is believed to be due o an induc-
ton of the hepatic metabalism of theophylline, The
hall-life of theophylline isdecreased and total body
rleatance & enhanced to such 2 degres in smpkers
that these individuals may deiially regudee 2 B0 1o
100% tneresse n theophylline dosage 1 produce
atfective theraseutic results, Hetween 3 ‘months
and 2 years may actually be regileed o nonmalize
thie effect of smokdng on theophylling metabolism
in the body once the patient stops smoking, Be-
cause theapkyﬁa& s metabolized dn the diver, the
half-life of theophylline will be extended in liver
disease. For example, in one stidy & patients with
decorpensated cirrhosis, the aversge theophylline
halflife was 37 hours,

The halt-fte of a drag in the blood stream may
alsn be altected by g change (n the extent towhich
it s bound to blood proteinor cellular components,
Such a change in 2 drug’s hinding pattern may be
brought about by the administration of a second
drug having a greater affinity than the first drug for

the same binding sites. The result is the di
‘mesm of the ﬁrst drug from thm ‘

mm) dmgwhxch may pas ﬁm the me &Mam
to other body sites, including those concemed with

its élimination. It should be pioted that the dis-

Mam:mmt of one dnig from its binding sites by an-

other is generally viewed s an undesired event,

sinee the amount ol g mrzm«:ing 18 preater
than the level normally wm’i during single, drug
therapy and may resulfl in untoward drug effects.

Concept of Clearance
“The three main mechanisms by which a drugis.

hiepatic metabolism, tes, hmpmﬂm pazange, Ll o
driyg to either an active of mactive metabolite,
- venal excretiony, Le,, renal clearance, Cl,

the drixg into the bile and subsequently | into the ini-
testines for excretion in feces, An alternate way to
express this temoval or ehimination from the body
is touse total body clearance (Clgh which is defined
a5 the fracton of the toral wolume of dishibution
that can be cleared per anit tme. Berause most
drugs when administered will undergo oneor
more of thess processes; the fotal body clearance,
{1y of a drup is the som of these dlearanices, usu-
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ally hepatic, Ul and rénal slearances Ol Clearance
wia the bile and ferss iz nsually not significant for
wrnst drigs:

These progesses of elimination wathin the body
work: together and donsequently a dig that s
shminated by fenal Excretioh and Repatic bio-
tranistormation will have an overall rate of elird-
nation Ko That s the surm of the renal excretion,
k. and hepatic biotransformation, k. Inthe gne
combartment model deseribed earhar, total bady
clearance i the product of the volume of distrib-
ition, Vg and the overall rate-of elimination, kg
sV Rk, {Equation 4.10)
Bubrecall that ko equals 069378, 5, 1 this i subst-
mted nto Bquation 4-10, and one solves for the
halblife by the following equation is oblatned

089V,
b= Cly

(Equatond. 11}

Recall that total body cleatante s a functonof one
br more processes, thus i a drog were elitninated
fromn the body thirough hepatic biotansformation
and renal clearance, BEguation 4-11 hecores:

(Bquation 4.17)

di fzﬁbuum and xmerwiy pmpm-
m)l Mdy dlearance whi‘ih 18 eor

@m wzmm,
Tivesg: mm k}m ;

mﬁ I adults

' nﬁi failure, andmmmw Hﬁ*,

auits for mmmplm
i one can estimate the percentage decrease in
mmﬁm due ko renal failure one ran use Eqmirm
412 to calculate the new half-life of the drug in

towivity,

Dosage Regimen Considerations

In the previois chapter those factors that canin-
fluence the dosage of & drug were mentioned. The
Yuestiorenf how ek drogand how often w0 oads
nilsyistee it for g desired thempeuticeffect s not eas-
Ty attainable, Basically, there are two approachies to

‘ventration of drug at the receptor sit ugh
catreful pharmacokinetic evaluation o mimg’:sr ab-
‘sorption, distribution, metabolism and excretion in
‘the body from a single dose, the levels of drug at-

usuaﬁy have grmm halfw

tent, Thus, an adjusted dosage regimen can.
then be caleulated to decrease the chance of drug

the developtnent of dosape togirens The Hrsh i
the empiical approach, which invbives the admin:
Istration of 2 drug in 2 certaln quantiy, noting the
therapeutic resporise and then modifving the
dosage of drug and the dosing mietval decirg-
inigly. Untortunately, ssxperience with the admin-
Istration of a drug wsually sterts with the first
patient, and eventually & sufficient number of pa-
Hents recelve the drog <o that a falrly acourate
prediction can be-made. Besides the desived ther-
apeutic effect; consideration wiustalst involve the
ocoiience and severity of side offects. Bmpirical
therapy is usually employed when the drug con-
ventration fnserum or plasma does not reflect the
congenteation of drop at the receptor site in the
body, or the pharmacodynamic effect of the drug
is not related {or corralated) with the receptor site
drig concentration. Empirical thérapy, for exam-
ple, i utilized for many anticancer drugs that
demonstrate effects long after they have been ex-
ereted from the body. Itds difficult 1o relate the
serum levelof these drugs with the desired thera-
phticetfect,

The secomd approach o the developmentiof a
dosage regimen is through the use of pharmacoki-
netics or the kinetic approach. This approach is
based on fhe assumption that the therapeutic and
toide wffcts of a drug are relared 1o the ampunt of
drug in the body or to the plasma {or serim) con-

tainied from multiple dosing can be estimated. One.
can then determine the appropriateniess of a dosape

regimen to achieve a desired therapeutic concen-
- tration of drug in the body and evaluate the regi-
-men based upen therapeuhic response,

“When one considers the development of a &mmga
mgﬁmm pha:mamkm%m 1s but m o k

\lmmm arumber of them mmy an imwmnt

factor is the inherent activity,

‘namics, and toxicity, L.e., toxicology of £ .
wkbond eonsideration as the phmm&kinmca of
the drug, which are influenced by the dosage form

i which the drug is adrministered 1 the patient,
g bapharmaceatical considernations, The third
faptor foruses upon the patient to whom the drug
will be given and encompasses the clinical state of
thiepatient and how the patient will be managed.
Lastly. atypical factors may influsrice the dosage
tepimen. Collectively, all of these factors influence
the dosage regimen:
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Tabled 11, Factors That Determine a Dosage Regimen”

Attty Toxicity Pharmatokinstics
Mindmnm therapeutic doss Absoiplion
Tosat dhose Disiibation
Thempetbic indey Metabaliam
Side efforts Bweration
Disse-response relationshins

Dibaage
Rogiman
Clinionl Facls Lither Fackors
Clisrionl Skate of Parient Management of Therspy
Are weight urine pht Multinle deug theripy Tolsrance-dependence
Condition bemne treated Crnwenience of regiman Pharmpeogenetice-idideincrasy
Eodaberioe of ather disease states Compliance of patient Drog interactivns

*Reprinted with permission fromy Rowland M, Tozer TN, Clinicdd Phannacokinetics. Ind B Philadelphin: Léa. &

Febiger, 1989,

The dosage regimen of a dtug may simply in-
volve the administration of a drag once for its de-
sired therapeutic effect, e.g, pinworm medtcation,
or encompass the administration of drug for a spe-
cific ime through multiple doses. In the latter in-
stance, the objective of pharmacokinetic dosing 18

‘to design @ dosage regimen that will continually
‘maintain a drug’s therapeutic serum or plasma
mmamwrim within the drug’s therapeutic index,
i, above the minimum effective concentration
Wtbﬂmw the minirmum toxic level,

Prequently drugs are administered between 1 to

4 timies per day, most ofters in a fived dose, i, 75

g3 times daily after meals. As mentioned earlier,
after a drug is administered its level within the
body varies because of the influence of all of the
‘prozesses, &g, absorption, distribution, metalio:
listn and excretion. A drug will accumulate in the
‘body when the dosing interval is less than’ the time
needed for the body to eliminate a single dose. For
example, Figure 4.18 illustrates the plasma concer-
tration for a drug given by intravenous admirdstra«
ton and oral adudnistration. The 50 my dose of this
drigr was glven aba dosing nterval of 8 howrs. The
drug has an elimination half-life of 12 hours, As
ong cary see with continued dosing the drug cons
tentration reaches o stendy srite oy plategu concens
tratinn, At this Himit the amount of drug lost per in-
terval is replenished shen the drug is dosed again,
Congeaijerily the conveniration of drug in the

plasma or serum fluctuates between a mixitham
congentration and a madmum contentration, Thus
for certain patient types it is optimal ko target dos-
ingso that the plateau concentration tegides within
the therapeutic index of 4 drug to mai

enuin effactive concentration o mm.‘ﬁm mmpw,
x:tw mﬁhmmc patient mammmm on mmp Aline

20 Mgmb Otherwise the patient maw be suscepti-

ble to an asthma attack. Thus, when dosing the
asthmatic patient it is preferable to give theo-
phylline around the clock 4 times daily to sustain
levels at least above the minimum effective con~
‘gentration. If on the other hand this medicine is
only administered every 4 hours during the wakirg
howrs, 1t is possible that the minimum concenta-
tion will fall below effective levels between the at-
bedtime dose and the next moming dose. Conse-
quently, the patient may awaken in m middle of
the night and exhibit an asthima attack.

Patients can be monitored pharmacokinetically
through appropriate plasma, serum or blood sam-
ples, and some hospital pharmacies have tmple-
mented pharmacokinetic dosing services, The in-
terit is to maximize drug eificacy, minimize dug
ririty and keep health care costs aba minimum,
Thus, for example, complications assoriated with
pverdose ‘are controlled or drug interpctions that
are known to occur 28, smokdngstheophyiline,
can be artommodated: In thisse servives, for svaim-
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(mg/liter)

Plasma Drug Concenlration

Plasma Drug Concentration
(mg/liter)

Fig. 418 Plasma concentration of a drug given intravenously
(top) and orally (bottom) on a fixed dose of 50 mg and fixed dos-
ing inferval of 8 howrs. The half-life is 12 howrs. Note that the
area under the plasma concentration-time cwrve during a dos-
ing interon! at steady state is equal to the total area under the
curve for a single dose. The fluctuation of the concentration is di-
minished when given orally (half-life of absorption is 1.4 hours)
but the average steady-state concentration is the same as that
after intravenous administration, since F = 1. (Reprinted with
permission from Rowland M, Tozer TN. Clinical Pharmacoki-
netics. Philedelphia: Lea & Febiger, 1989).

ple, once the physician prescribes a certain amount
of drug and monitors the clinical response, it is the
pharmacist who coordinates the appropriate sam-
ple time to determine drug concentration in the ap-
propriate body fluid. After the level of drug is at-
tained, it is the pharmacist who interprets the
result, and consults with the physician regarding
subsequent dosages.

Fig. 419 Computerized gas chromatography mass spec-
trometry used in bioanalytical studies. Consists of Hewlet!
Packard Gas Chromatograph (Model 5890 A) and VG Mass
Spectrometer (Model UG 12-250). (Courtesy of Elan Corpo-
ration, ple.)

Fig. 420 Assay of biological fluids using Waters HPLC
(High Ferformance Liquid Chromatography) systent consist-
ing of (from left to right) Autosampler (Model 712 Wisp),
Pump (Model M-45), Shimadzu Fluorescence Detector (Model
RF-535). (Courtesy of Elan Corporation, ple.)
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Dpsage Fovn Desien. Blashorbeveutic dnd Flutriu

Phartnacokingti research his demonstated that
the determination of o patient’s dosage reginmen
dependds on numerous factors and daily dose fore
mulas exdst for a number of drugs that must be ad-
tninisterad o4 toutine maintenance sehedols,
ag, digokin, procainamide, theophyliine, For cer-
tain drups such as disoxin, which sre nol highly
Loid seluble, it s preferable touse 2 pavients lean
heidvowieight (LBW) father fhar total body welght
{TEW} to provide a better estimate of the patient’s
volume of disttibution, Alternatively sven though
pharmacokinatic desine formulas may exdst one
must be cogntzant that patient factors may be more
tetevant Foresample, with the peviatiic patlent it
advisable W begin drug therapy with the, lowedt
possible dose and increase the dosage as necessary
in small increments to optimize the patient’s glini
el response. Then the patient should be monitored
for drug efficacy and reevaluated petiodically, Exe
amples of bloanalytical research laboratories aie
showrt'in Figures 4.9 and 4.20:
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