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 A DOSAGE FORM DESIGN:
BIOPHARMACEUTIC

AND PHARMACOKINETIC
CONSIDERATIONS

Chapter at at Glance

General Principles of Drug
Absorption
Passive Dzjfusion
Specialized Transport Mechanism

Dissolution and Drug Absorption
Surface Area
Crystal or Amorphous Drug Farm
Salt Forms
Othzr Factors

Bioavailabihty and Bioequivalence
FDA Biaazrnifabilify Submission

Requirements
Blood (or Serum or Plasma) Cmtcenmzh'rm-

Time Curve

Perametersfor Assessment and Comparison
ofBioavaiI:zbi1ity

Peak Height
Time of Peak
Area Under the Scrum Comzntrafiun Time

Curve

Bfoequimlence of Drug Products

As DISCUSSED in the previous chapter, the biologic
response to a drug is the Iesultlof an interaction be-
tween the drug substance and fixnctionidy impor-
tant cell receptors or enzyme systems.Th/a response
is due to an alteration in the biologic processes that
were present prior to the drug's administ:a1:lon.T11e
magnitude of the response is related to the Conn
centration of the drug achieved at the site of its ac-

Routes of Drug Administrafion
Ora! Route

Dosage Farms Applicable
Absorption

Rectal Route

Parenteral Route

Dosage Farms Applicable
Subcutaneous Injections
Intramuscular Injettinns
Intravenous Injections
Inlraderrnal Injections

Epiculaneous Route
Ocular, Oral and Nasal Routes
Other Routes

Fate of Drug After Absorption
Drug Metabolism (Biotnznsfarmation)
Excretion ofDrugs

Pharmacokinetic Principles
Haif-Life
Concept of Clearance
Dosage Regimen Considerations

I:ion.This drug concentration depends on the dosage
of the drug adrrtirdsterecl. the extent of its absorp-
tion and d.istJ:1'bution to the site, and the rate and ex-

tent of its elimination from the body. The physical
and chemical constitution of the drug sul:-stan1:e—
particularly its lipid solubility, dagree of lOl'li.'£3fiOI'i,
and molecular Size-—determine5 to a great extent
its ability to affect its biological activity. The area of

101
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1&3 Eumge farm Esesign: Biapisannacenfic mat Fhmmnmigfizefic Qmsfidemtéam

study embracing this reéationship between, the
pfiysirzah crhemixtai, and bioltngical sciences as they
apply ta drugs, iiesage farms, and tr) cimg acticm has
been gvan the descriptiva fiezm birrphnn-nacetztfxzz.

In general. far a drug to exert its bielngixr effect, it
.mus% be iransparted by the bady fmiria, traverse

the mquimd hiixlagic membrane: barriers, escape
wide3pm~aci distributissn to mnwantaeszi areas, ensime
metabnflir; attack, peneirate in adequate mncemra»
titan to the sites mi actmn, and interact in a spsacifiva
Eashicm, camssing an alteratiatm nf mflular fnmxtizzm. A
simpfified diagram af this mmpiex series «of events
bemresn an drugs adminigtration and its e1im3na«»
rim is presented in Figure 41.1.

The absorpfimn; ciigrributinrn, himransfcmnatiarn
(metabolism), and eiiminaiimn {If a drug from the
bx;-dy are azigmamim processes that mntinue fimn the
time 2 drug is taken until all at the drug has been
rem-Wed {mm the b-miy. ‘Ska mites at which {base

pmcesses mccux affect the armset. intensity; anti the
duratiun of the émgs activity wiihin the b{::.iy.T§1e
area (315 may which elucifiates me me marge nf
drug canmnixatiarz in the bland and tissues is
termed gzfizsznmmicinafim. It is the smciy vi the k:i~
metrics sf absmrptictn, dish‘ibuEi+::n,metaba1§sm and
esccr-E-titan £Ai)M’E.) nf fimgs and their r:oI1‘espom:i«
ing pharmamiagic, thexapemticg or tcrxic zespanse
in animals and man. Fuxthezg since cane: timg may
site: the alzmrpticm, dishiburziam metabolism pr
exirretion of at-Lather drug, pharmacakineiics aim:
may be appiieci in the stmiy sf imeraciions heme»:-n
drugs.

Once a szimg is auizninistersai and cimg absmp»
rim begins, the rimg dam not remain in :2 single
body lacatim, but rather fig digtxibutexi ihrmzghmrzt
the body until 515$ ultimate eiirrxinatimt. Far inw
stances, faflcmrmg the ma; sadzrxinistmican at’ a drug
and its nanny into the gastrcsirxtesainal tract, 3 par:-«
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Fig. si.1 Echmzxris: reprasmmrmn -:}'£i3e?:E raj’ :11:-mrptim, metaémiisrn. azrnfi excreéém zafdmgs tgfisr their azérnérgismstim by mr«
Eons rams.
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am :25 the drug is absnrbed irttvs the circxziafmy syaw
mm fmm which it is rziisnribut-ed to the wsarixms other

miy Eluieis, tissues, ami argans. Fmm these sites
the clmg may re,-mm tea the firiznlamzy system anti
be exximtesi thrmgh. the kiciney as such can the riniag

may be matahofiaed E2}? the £3‘?-er er ether cellular
sites and be exmteé as metabmites. 3&3 shmm

in Figure M. dnggs aciamzistezreci by inixavenam
injecticrn arr: gflaceti dirently mm the cirmhtmry
system; thereby zmziriing the absezrption pmcem,
wizich is requireti from all other msuhéa of adminis-
iraiion far systemic affects.

The variant; baciy larafions 1:: which a fimg traw
$15 may be vieweci as separate mmpamnents, each
mmainirag mme frachbn cf the acirrsinistered rinse
:2Ec§1:ugfI‘he kransfer ofdrug {mm the bleed tn: other

may incaiicms is generally a rapid pmness and is
meezsible; that is, the drug may aiififuae back mm
the ::ir~:::;;1ati:m.‘Iha xfiI’L1g in the blood therafme :2»-
im in equflibmzm with the cimg in the arhar mm«

gartmasms. Hewever, in this equilibrium stat»; the
mmremratfinn of the dmg in the bland may be quite
aziiflfermt (gmaier or lesser} than the mncanixatmn
«:36 the zimg in the ether +:cmpa:tments.'Z‘}zis is due

largely in flwe physimrhemical pmpszrties 0f the drug
and its are:-mltant ability m Ieam {ha blomi and Era»
wage the bimlogical membranes. Certain cirugs may
imre the tirculataryszystmn mpialyanti ccnmplaiseiy,
whereas other drugs may do 5:: smwifrand with dif-
ficnity. A number crf drugs belzeme bcmnd m blond
prmteinfi, particularlfs the allmmins, and nnlya small
fraction :3? the wing agiministnsreszi my acmaiiybe

fmmd at iucatians mmizrie of the circuiatary system
at a given time. This transfer of drug fmm one
mmpamrgant to anmcher is mathematically assay
tsiated with a sgezritific ram: czcznstant describing that
pattimlar transfezz Generally: the rate of tranfifm
sf a drug from am: sznmpartzmmt m annthar is
pmportimal to the czmcentmtien rcnf the drug in
the cmmpmhnant fitmn wfiich it exits: Ema: greater
the mncentraticitn, aha greater is that zrmmunt of
iimg transfer.

Metaimlism is the map: pmstesz-2 by which fnreigrx
substances, imziuciing rimgz are alirninateci mm the
imzijz. In {he pmcass afmatahnliam a drug snbsfamm
may be biszitrssrzsfmneri inm pharmacc:laug;icaI}y av.:u
rim: var inactive metabsliies. Qfim. ‘mil: the drug
suhstante and its mambafitefs} are active and mm

phamxacnlngic efiects. fiat mermpiez, that antianxiefy
thug prazepaxn {Ce-max) metahztziizes, in part, tn :3:-:~
azagam {Serra}, winch alsszt has amiamciety Eifffifisi.

In same irxatances 2: phamtamh:-gicaliy ixwacfive efimg
(firmed a pmdnxg} may be anizninisiwarsd for the
kmswr: efifacbs csf its active mebaimiites. Dipiwzfrin,

far exarnplt, is a ggmémg cf epmaphrim farmed by
the asterificafimn of episxegri-mine and pivaiic. am.
This enhamzes the lipaphilic character :25 the émg,
and. as 3 mnsequente its peneixation mm the any»
tin: chambm :35 the eye is 1? timax that ufepineph-
rine. Within the eye, cfipivefrin Hill is mrwsxteci hy
enzymatic Exydruiysis tn epinepinrim.

‘I'h.e zrzgtahoiism csi a shrug am inactive pmniucts is
usuaily an irreversible pmcess which culminates in
the axcretimn sf fine dmg Earn the bani}: usualiyvia
the ur§.nc:.’.I'he phannaccxkiimticist may aaiaulate an
eiiminakzicm rage camtant itarmaci kg) far: a vzimg
11:: describe its ‘rate :35 elimination from the body.
111*: term efimiriaziisn refers I:-I3 bmh metabmlism.

ami excretion. Fm drugs that are acififinisiered 1'm~
%ra*m:1::xusI},r, and therefore irsmive rm abmrpticsn
process, the Eras}; is much ‘less compie:-t than far
dmgs adminisiezmci uraily -at by rather m11tes.In tbs:
Latter ingtamzes, érug absnrptmn and drug elimina-
tmn are ecmzrriztg sixnultanetmsly but at different
rates.

firmeral Principles

:11? 13mg Absmptiun

Bezfmre ax afixnirtistered xirug can axriva at ifsssita
sf acting: in affeethre ezoneezmtratians; it must my-»
mmmr a number 21:! barriers. Them barriers; are

chiefly a aur:c+as~:-inn uf biaimgic membranes such
as those emf the ystrzzintestirzal Ezpitheiium hangs,
bland, and brairs. Body memhxanes am gen-zzvxaliy
cziassifieri 2:5 thrsaa main types: (ex) those crmmpased
snf several layexs mt’ mils, as the skin; rib} mega z'::::m~
pmsed azzf a single iayez cof 53113, as the integtinal ep-
ithefium; and (c) ihtmz nf Kass thamtme seilin thick-»

mm, :92. the mamhrana sf 3 single; cell. in mm?
instances a drug substance must’ pass mare than

name of timse m-embzsana types haefme it reaches its
site 43% acticm. For inszance. a zimg taken gran}: must
first naverse me gagrrmintestinaf membranes; {stam-
aezh, mm-all amt iarge intastina, gain entrance: mm
the general cirirulaticm, pas;-2 tn the mgan or tissue
with whiszh it hm afifinity, gain Entrance inm fhat
tissue, ami than ante: info its indivirinal 123133.

Althrmgix the chemigtxy of bani}: memhramag
differs ram: from ancather, the tnembranes may be
viewed in genarai ass. a himuieérrfiar iipc:-id {fat-
fiflntairling) 153%: attachati an bath fifties in 3 pm»
£12:-in laytér. Snags are ‘Ehmzght to panesirate thesa bi-
nlogk: memisranm in mm general wazya: 1) by pay
Siva diffusmn, and 2} thmugh spaciaiized transport
mwechanifims. Wifhin «Each 1:-E them»: main cataganes,
mare ciaariy éarfined pmcesses have been ascfiilezi
in drug transfm:
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Passive i}:t}"f::si:m

The tam’: gazzssizae cfifjfingiszn '25 msexi m rinmtxiltse the

passage mi ijcimg) msimfles thmugh a membrane
which brahavaaa int.-err}? in that It times not av:;i:i~::e}y

gxarficipare in the: pmce.-ss. flrugs absmrhed accura-
ing in 61.23 metimé am said ‘m be gsszziaefy aésawrbaé.
The ahsmpfim gzrmcass is émeen $2}: $112 c:mcam:ca-
kicsn graxiienf (1.2, the siifiermceza in rzartczamftaiirsn}
mgmg a.:.~:w:-as the membrane‘ with tha passage af
aimg maiezruma szzmx;-“ring pxémarily Emm the gixia 23:‘
high simg mnaantmfimn. M;-st émgrs passes. {mugs
E:£::.E::»g,ic membranes by diffaxsicm.

Passive diffusixim is fimrsibeti by Figrix‘.-3 first fem,
whiah statefi that the rate: 1:}? €i§ff'L1Si£;m £3: Etranspmf

acrms a mermbrsme {mat} is pmpurtimal its the
dirkmire in drug cnnmntsaiion an bath fiidefi ca!
the membrane:

in 1»-'hi<:.'n Q and 411; ram 1:: she rimg cancentrafiama
an each zsigie. cf the membrane anti 9 is .2, 'pe:nm:~

ability cnefficirant «er mnstant. Tm: term t’.;_._ is £115»-
tismarfig umaci ta: zagmmnt the mmpafiment with
tha gzrsalm mrsceniratiun :1? Chang and thus t:':'na
trampcm ::.~f émg prcmeaés fmm mrmparzmenz me
{e.g.. absarpticm site} an mmpartmmmt hem (~:-.05.,
izaicrrzsszt}.

fiecauae the mncenimtitrn 1:3? rimg at the aim «:3:
abfinrptimn {C13 :2. usuaiiy rm§::i'1 main: 2313:: cm the
aim: side oé‘ the rnemhrane, dug in the rapixi ziislrm

{inn :1!“ the drug &I: the blrsmd and its sabsaqnent
tiéstsébaxtican tn the tiss.-ma-s_. far practicai puzpn:-ms

am 1:31:32 :::£ :25 M £22 may bx? tamer: simpigg 3!»: that :33’
$3 anti me equatian m-*ti1:ten in the siamiaxd font:
Eu: 3 flax: :::-niszr rate equatién:

The gastmifimsfinal ahmrpfinn caf mm‘. drugs fmm
sstxiufinn vs:-Erma in this manner in accmrdancae with

}‘;Er.s§ mfiifi“ Rfsxatics an whinh the rate is-.u flaapemient an
aimg cstrnasentriatioa, i.a._, émnhiing than fins? rimhies
{he transfer me. fine magnimcie -sf {hr ;:aa=rmeabiI—

mtg mnstam. xfmprmés men the: fiiffmirm c:c:;a-Eficaent vi
the «cimg, the thickness am? area of the absmbing
mamizamne, emni the pfiflrxeabiiity ::f the meamizrane

ms the paxtimiar drug.
3E:£tat!%€ azrf fim Eipztei-si msmm {sf Eh»: mil rrmm-«

’::mna2; 1'? E3 Eaighiy pemaable ta: Eipid samhle anis-
stances. The rate reef eiiffuafim <3? a drug ass:-1:553 the

membrane daspemiifi mat arzxiy upcxn Em mamm-
tiszan but aim ssgrcm the relatiwe men: :2? its afifinity
Eur iipisi anti rsjxerctirzrn sf semis: (ea high iipiri pariitican

::£mffi«:§ent}.The greater in; affinity fur iigiri and tim
mare Ezyfimgnézalniar it is. tha faster MB be its sate ezuf
pemzstratimn inks; the Eipizi »~ris:h mambmnn. Eqthrm
mycin ham, Fm: example, passesaes a higher gaasrki-«
{inn x:c;:s:§ficiam~ than me: e:zy+,ixmmynin mmm:-uncis,

»;«z.g.¢ emzrlaze, ghaceptaxe‘ Ecznsaquemiy. the is
the pmfiarre-d agent far the m;:~:‘::a1 mammt em? amt
where pemtraticrn into the 33:11: is dssimi.

Bamuse hialagc tells am alas: parmeateci by
water and 1:’pi:i~§nse§nI:}e subsfanms; it is ihezugfirt
that the memhrana 315:: nmtaing wafer» iiii-sci paras

K}! charmeia {hat perxraii the passage :2? them fyprs
oi subahanscersx As water primes in ‘mm: acmss 3
pmmxxs memhrane, any disscaiveé. salute :*m::ie»;:z;:~
115213: amafi emugkw. ta trma-::z:s.-2 the pares games
1:3;fifrmtim. Aqumus paras vary in me {mm In$‘m~
Irrrane kc membrane arm} thus in their individual

permeability nharacterisiics fr;-r certain drugs am
mm: mhstansas.

The magmiiyr +23% timgs mday are weak csxganéc
acids :22: ixase:-:3. Kncrmedge {sf their isxsiiariciraai iasv
iaaticm or aissnrriaticn chaxamrzrisfiizs fa émpgzriamg
be-names than abmrption is gxmzrneci in a large axe»
mm by mai: degrees «:2? iezniaatiun as they age pm»
sented re the fruamhrane barriers. {Z1213 memi-mamas

are mam gun-mnmizrie 15:; the unitsniaeci frtxnm. -rzrf
xiimgza than in their icenizeé Emma. mainiy because
01‘ the ggar-ariipici sniuhility mf the unionized femzs
ami it: the higkfly thaxrgaci namra mi than sail meta»
mane which semflts in the ixinfiing rm“ repeliing car?
the iamiaeci :.2.:1.:g and thereby riecreases mi} pvesnv
tratixm A155; ixzms became hydrated thramgin assa»
ciaziszrn with water maziecules, xeesuiicing in iarger

parkicies than the undismcéatafi maieztfie and again
ciacieasezi penetrating aapahiiity

The deagmfi :3? a tiI‘ug’§ icnzzatéan £ie:};:«»<smi3 bath
an the pH nf rim seiutéan in which it is presented
32:: the izifiililgirr membrane and cm the pig, #3? dis»
mziatéazmrcn xgmnatang sf ithe dmg {whether an aria or
hase}.’;£'h-2: amntapt cf pig is dexiurad mm the Plan-
derson-E-iasaeibalch racguatiun and ‘:5.-

Far 3:: acisfs

innimé cane (gait;
PR 1‘ px” ‘*0 mg urzimizasrai Emit. {aeniii}

.F=:mz?x:2se:

pg 3 §,K_ +1. 1,: imiaad mnc. {galfl

Eiimte the pH mi b<:~&y fluids ifiiiiefi {st-:::mm:h, pl: 1;
Imam 43? the inirzsfine, pH E16; hiucsei plassma, pf‘?
?.-'i); the akaracurgntiszrs cf 3 drug; {mm various baniy Em»
isle: will differ and may iiictate in same man: the
typrce nf zfimage farm and the mate *3? axiimirzisfran
flan pmfarreé fssr a gimn ziimg.
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By reamznging tins; eqmtriarm for an acid;

gig m PH : mg unianizefi azmcentrafian gacid)ixrmlzed vznnsentzatim {salt}

(ma tam themmficaiiy xieterrnimz the relatm: aaztem
gr; which a drug Iemainfi mflmizad under varinus
comiiticms sf pH.‘I'his £3 parrimfiady useful what:
applied 1:} canéiunns :;>£ Ezxtzsiy fluicis. Fur instancsz, if
a weak acid having a 9313 of 1; ix a:;smmed m be in
an eswimrment sf gamfir: jzxice mm :3 333% cf 1, the
Eat’? side {If the equatimn “m::r-uni yield the number 3,
which wrmid mean that W: ram cf nnimnizeri tn

Emnized drug pasiicles vmuld be abmxt 1930 tn L
and gaatxic ahsorptmn wcruid be s:<:::a11em:.A: the

pH of plasma the merge wmfid be true, an-:1 in tha
1:115:20 ti‘;-3 drug would be largely in the irxmized
F1:+nn.Tabie 4.1 presents the affech :31‘ pH on the km -
ézaafiezn sf weak t§}e£tr‘(}}}r’tE$, and Tahle 4.2 ceffers
mama representative pig "values of mmmarm cimg
sat-atances.

From the equafim and Ecom “Same =11, it may be
gear: that 2}. dmg Substance is E:a1E ianixed at a pH
value which is equal to its plfigfixua pig may be der
fined as the 911 at Wfxich a drug E5 30% iscmim-:I.Fx:rr
re:-zample, phennhazbitai has a 33K, ‘trains: cf almm
?.é, and in yiasma {pH '.3’.&) it is gmzsem as imized
and mmimized famxs in equal amounlz-rs, Hnwmrer, a

drug suhstafice eannm reach the blues: piasma fa:
distrihnfitsn ihmcxghauf the bcuziy unless it is placed
them dizentily ihrougim imravemus inieciimn or is £a~
mrably absarbed from a 3il:e aimxg its mute cxfemm
as the gashninheafianal met. and alicswed in pass
inm {he general rzircuiatim. A3 shmvn in ‘E532 13.2,.
pheanbmbita a weak acizi, with 3 312122;, cf 3%: wcmld

‘Fairies -3.1. The mm: 91 gr} on the irmizatinn nf
Weak Eiectrnlyicfl pig-{:51 ‘fix Uninnfmeécl

zgwm Asia? a§*1sv.«:«a;: Base
-33: mm 99.9
-«E33 9.99:: 99.0
—«:m3 m9 93.9
-9.? me 33.;
~35 am: 75.13
-mg: 33.? 51.2-

9 am: 50.?
-3‘{EI'§ M3 33.‘?
+9.5 ma 24.9
+m' $3»; ma
+1323 9:33 9.39
+2.2: 99;; 21999
+3.»: 99.9 mrm

’Iiepr:meci with pemsissixim {mm flnluisim IT, Ewin»
task}! 5?: Am} Fharm 1365;133:143.

Table 4.2. pig Sfiluas far Snmamam am}
Basic flmgs

PK;

Aciés: Acergtsaiiarggiic 221:: 3.5
Eafizitai ‘}’.‘}

Senzylpeificilfim 2.3
Emiri acid 9+2
Dimzsmaxal 5.?
Pixambmbizai ‘E23

8.3
Suifanilamistie il{3.Ii.-

’I‘hec:phy1Iina 9.3
Thiagmtal ‘ME
‘fmlbummizie 5.5
Wazfacin 4.3

Bases: éfimphetaxnine 3.3
Apamcxrphinrz 33.8

9.?‘
ffsafieine 5.3

C3r:3;3~:diam'§;3a:—:-tirie 4.8
Ctmaixm 3.5:
Ctadeina $3
Gmnethidima 11.8

Meet;-‘rhina 53,9
f*‘:m::\irr.e 9.13

Qnsminfiz 3.61
Rcsszapine 5.6

has largely unciisaaciated in the gastric: anfisimnment
M’ pH 1 am} wssmié likaiy he weal} abmrheé. A drug
may ante: me circulatinn rapiciiy and at high com
centsatinns if mgmbrane penerrakion is easily ac»
mmplished ms: at a 3m»: rate and law levei if the drug
is 11-3: raacifigr abaurheai {mm its wake 1:.-f ermy. The

pf! of the mugs mzrenir emsfironment influences the
ate and thazv degraa sf its further ciieézibutiatm be»
came it Ezmsmes mate m: 1255 unixsnized anti them-~«

fare rmtnre car 3353 Iigrid ~pmee:rating under same now
aiifimn of pfi than Lmder amth-at. If an unicznisaad
malemle is ahie ta ntfiffzzse zhrmgh we lipici barrier
and remain umonizeci in the new environment, it

may remm ta 1&3 fsmmxeriocatim or go an ta a new
me. Howevezz ifin the: naw exmmnmentitisgreafiy
icenizeti due in the influence czf rhe pH 3f the saoonci
fluid, it liken; will be unable to cross the membrane
witlw its finmmr abiiitry. Thus as mncentrafian gsraciiw
em of a drug umally is l.‘EaEZ}i1t‘~3X.3 at equiiibriurn cm
aaszh side mi .3 membrane zine m :3;if§ex:em: degrees nf
iomgatinn mzurring on eachsis:1e.A summary of the
concepts at‘ dissxaciatienfiuniaatiun is {mm} in me
physical pharmaqr capsule antitiesi “§2Ka!I3isaacia-
rim Crfinstzntsfln Cha§;«g7EI‘ 3.

It is man desigable fm pharmaceutical scientists
in make sirmzrmral mofiificatmnfi in srganic timgs
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ami thereby famraizxiy aim: tiaeir lipid scalability.
partition mefficienis, anti ziissczciafitan mnmants
while maintaining the seam: basic pharmacaimgi-2
activity. These ef£c:rts freaguentiy 0252111 in imrmaseri
absarptiozx, better tharapeutic mfipxmae, and Iuwer
xicrsagwe,

3pec:‘aI£:e:;f Trmtsparf Mecinzrzisms

In mzntrast tn the passive iransfer :3? drugs.
and mhar stabstancfis a hicfiogéc memiwranét.
czertain subsstantaa, imfluding same rfutuga ami bier

Ragicr meiabolifras, are cixndxmted acrcrsa .3 mmnbrmya
thmugh one «sf sevaral ptiltaizilatefi spfitialfzed mm-
grcrrt meclmemismg. "His type tzaf tnsmsfer seems In
acccmm is: those sxzbsiances; many namxxally c3»::::ur~
sing as amim adds and glucose, that are me iipid-«
irmlubia to dissaive in the izmzndary and tea; large
in fiazrw 4:}: filfizrflnraugh the pastas. This type 9? t£ax1s--
part Ea themght in invmlve membrane components

that maybe en..*«:yrn:=-:3 cs: mm: other type efagent :3-
pabie of femaing a mnxplex with the drug {arr other
agent} at the surface membrane, after which the
mmplex mama as:-rciass the meazniarane where the
mg is released, with the carrier ramming m the
nriginai surface? Figure %.2 piesents the simpfifieci
scheme Bf this pm-sass. Spetfalized transport maybe
diffarentiateci {mm passive tramfer in that the £-;:.~r-
mer pmzzess may became “‘.-=.:amxated’*as the aammxni
azvf aaxrier present for a given suhatance becomes
cssmpietely brmrzd with that snbstancemsuftingin a
delay in the”femging”s;=r transgmrt pmcess. Qther
features sf speciaiizaed trarnspnrt inciude the maxi»
Eazity by a carrier far 22 paztimlar type of chemical

3 f

i 1

F c 3
I f

Eta-ii} >¢fi
E %
i

i

E

E

E

; inside
mrtsida membmne

Fig. «£2 23:25:»: trmcspari macfxémésrrz. I} negmsmés :2 simgg
nmimtie; C rapresanm E-‘us’ mania?fr: 233 3:-gem-EIrz2::eA f3\;ia:$;}E:s.:i
fnzrri Q’Rz2fi‘Iy W Azxséf Pfnim ‘Z3?!§§:e§?:5§8.}

stmcmre m that H mm substambas are tmnspmteti
in}; the same mechanism me wili cmmpefifixaiy in-
hibit the transport :31’ the othsaz. Furthszn the mans-
prart mechanism is irmibiteci in genata} by sub
sfances that interfm-as with cell metabniiam. Ths

farm actizxs rnrmsparz; as an subciasszificatimn of spa-
ciaiizeszi iranspmt, danmzes a procesg with the a_ridi-«
timm} feature am‘ the salute +3-r mag inning mmefi
acmsa the membrane against a mmzentratsion gnaw
tiiernt, that is, mm a smiutinn cf iewer mmant::&~

timn ts: ram? :3? 3 higher mnmmtm-tmn rm if the fiflltiffi
is an ion, agaimt an -rzlectrmzhamital potential gray
tiient. in contrast as active transport, fszrsféémesi eizjl
fusétm is 3 spetialia-ad Erransspori mechanism having
all :25 the ahmse charantesistfics except that the 9::-lute
is mt transferred agaénst ea ctzncentratian gradiam
and may attain the same ccmceniraticrn inside the
all as that an the cmtside,

Many busty nutrients, 22$ sugars and amim: acizia.
axe transparteci amass the membranes ef the gas»
txoinxestinal tract by carrier processes. Ceztain vita~
mains, as thiarmne, nia::iz1,ri‘&:«:2§Iavin am} vitaxnin B5.
and drug substances as methjgldrapa and 5~fi1m:~
muracii xequiza active trzanspcart mechanisms; for
Eheix absengptisrx.

Irweatigiiczns of intestinal tzsanspczri have often
utilized in mm {at the site} or in zrim {in tha body} an ~
imal mmdels ar armais {autside the bezzvdy?) trampert
modem; hm»-ersrar, recently :91; mimre mmitzls czsf kw
mar: gmall-intnastine absnrpfive I:-312,5 lme hemme
availabie me invesfigate transpmt acmss inbesrimi
agrithaimm {.1}. Bcxth pamw ami trarmpnrt~mediate:i
smcties have been conduezed 1-:2 mvesszigate me{;1‘h’é~
mam as well as rates :25 transport.

Dissainiinn anti Drug Ahsorptinn

Far 2 drug in be atzsurhxeai, it must am he riisr
mlved in the Emisl at the ahsarption site. Em: in»
rstance, as cimg aciministered oraily in table»: at ca;:-—
sale farm C3113‘:-Eli be absarized mfil the dmgparticleg
aré riissizhred by the fluids at artsme paint wifimirt the
@$t:r(3iI%x‘.E§$:i1‘:aI tract. in irLs::ana:-E3. in which the sol-
ubiiity of a zimg is dependent uprm either an aticiie
as basis medium, the {hug wmzld he ciiszaalved in
me stomach as intestines respersfively {Fig 4.3} ffhe
pmmss by which a dmg partirile riissalves is tE§II:(1Ei3
siésszzinatim.

As 2; drug gzarficle zmziezgmes riissaxzizsiirm, the
dmg snc:-Iemies cm the surface are the first in aruar
inm solxxtmn maafing a mmxatesci Iaye: :1? »:img-
saiufiun aarixizin E‘nTs*E}:3ps rm: smface of the smfizi
drug particke. Ihis layer csf smlutican is referred tr) as
the éififitsiast 553:9: Fmm this difiusian layer, the
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F:£’&“;¥!.‘£2£§t1e£* pf‘? s'IiIncs

’;EE§I&fi-I'D cmm»

dmg meiemias pass mmngixaaat the disseiving fluid
anti make cszmtartné with the bioimgic membranaas and
ahmzpzican ezrsmaeawrtlxe makacnles ofdmg mnfinue
l't}1'£3a‘&r’£“.' the ciiifizsiaan Eager, the layer is repiezfisheci
with ciissczkveé drug Emm that su:Fa.r:e afthe d.mgpar~
tide and the: process of ahssrgfizlnn cctniinm-:5.

if the prmess of ziiasmxtion {or a given drug par~
‘circle 1*; rapid, or if the xsimgix &dmini:.=.temd as 3 59-
lnfi-an and remains present in am: bmiiy as such, the
rate as) which mt“: drug becomes absrsrbed WDLIM Eve
prirmriiy dependent upm its ability ta traverse fire
mrzzmbrane barring. Htswatzczx; if the rake of r3iss<31u-

than for 3 érug particle is slczw, as may be due km the
phfssiachamical charactafistics cf the cimg sub-
starme as the dosage §m:m,. the niiasolminn pzzmzess
itseif wauici be a rate-Eimiking step in 21113 a};r5x:>rp~
than prncass. Siawiy soluble drug smzhas fiigaxin,
may not arxly he abfimrbed at e aimw rate, may may
be incomggrlifieiy absmxfiefi, m, in aamé cases iargeljr
msabambed Ecrilczwirtg ma! agirninistratinzm, $119 in
the naturai Eimitatirm cf time that they may mmain
within the sfmraach G1‘ the intestinal tract. Thus»

pmriy scsiubie rimg or poaziy famnilated ximg
gmziucts may result in a dmgs zimzmp-late abgoxpw
than and its passage, unahanged; mt xzsf the samrem
via the feees.

Under rmzrma}. r:i;mum$ta:1ces.a drug may be e:-:-
perztea tn mmain in the shaman far 212:: :1 hamcg
{gastric rsmpiyirsg rm) and in the small imtesfines

far 4 to 10 hours‘ aithough {here is substantial vari-
atim between pecvpie, anti even in the: same person
rm c£i1‘fersam::c:asin:1s.‘\?axir:11s techniques have been
nsaci m cieterrnina gastric emptying time and ma
gastmintestinal passage 0:‘ drug fmm variotxs ma}
damage fauna, Excluding time irarking :52? damage
fcrrrns labeiecl with gamma—e-mitting rariimnuclides
iixmngh ganxrna geinkigmphy (2, 3). 113:: gastric;
emptying time: £21»: a ximg is mm: rapid with a; fast»
Eng skmnach, bemmmg flawgr as the foctfi cmment
is increased» Clzangea in gastm: emptying time
amzlfoz in imestinal mmtfliiy can afieci: cimg transit
time ami thus {Ire ngzpaxtunity Em: drag dissalnzitm
and absrmrption.

Ihesa changes mm be afirscfezazi by drugs 2112 par
iiam may be taking. Cfifififii timgs with 2:.mithaaiin«
ergjc pzmparfifis, 2.3,, dicydominrr HC1 a;rn3tz'ipty~
Zine HCL, have me abihty m stem; dmxm gastric:
emptying, This can enhance the rate: cf abarzrptisztrs
sf aimgs mzrmaily abaofi-m:1 mm the zstmnacim mini
reduce the me ask’ abanrpticm sf drugs that are pra-
marily ahsmtbed {mm the smail intestine. skiterrw
tivefga cimgs whifl enhance mstric mmflity; rs.g.,
lmcativesg may name some ti:-ugs tr: mime Si} quie:k}y
through the gastraintestinal system and past their
absorptive: sit: as sash 3 mtg m mange the arnrmm:
of drug auritualfy absmbed. This effect has been
tiemmnsitrated wiih digckxing whase aiasczrptirm Ea
siguficantiy decreased by accetemking gastmim
tvestinal motfiity,

The aging prmcess itsaff may aiscs infiueme gas»
absarzkkian. In the aidarljg. gastric 2u:i{i*

it; we nmnher af aiasstzsrptrima ceils; imestinai bland
ficrw, éhe rate of gastxic eznptying anti ittiesfinal
rrmtrility are all decreased. However, zimgs in which
abzaurpfimn depends an pagsiwz pzrczcasses are not
affected by these factors as much as mass that cia-

pemi an active tranaprm: mechanisms, e.g., cai-
cium, iron, fhiarz-zine, axufi -sugars‘ A decrease in gas-

tric empfying time wszuki be axivantageuus far {hose
dmgs that are absmrbexfi [mm Em smmach but dim
advantageous fr}: thuss: fimgs which are prone tn
aritid degmdatiorag ag, penicillins, &K3!Th{Om?£f,iIl,, or
igxactivaieai by stamach enzymas, ag... L~ci~:>p»a.

The riismiafian :32‘ a subsfance may ba éemflbefl

by the mmiifiad wages ~‘»N’1rt&tne:;,+ aqua:-man:

~‘j§- = ksfcs - ~:.>
in which cicskit is the: rate xzfaiiasaiufinn, k :3 the dis»
sczhmzm rate czznstant, S is the anxfaca area of the

diammng srzlid, :5 is their samratfion mncantxalian
of drug in the diffusion iayar {which may be agw
prmimatad by icha maximum mlubility mi the drug;
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in the salvant simse the diffzmimn iayer is cxmgidered
saturated); anti at is the xtszntentration of the drug in
the dismlufion xrxedimn at time t {rag ~ :5 is irh-a can»
ztszntratixm g::aci§em).°I'Ine rate :15 diasmlufien iii gem-
ameseff E5; the rate of diffilaimn cf mute maiemlas
thzmzgh rm difmsinn Layer intrs the brflxijf cf the am
Iuiian. The equafim wreaks that the dissnlution
rate nm‘ a drug mag: be mcreasasi by imzreasing the
smrzface area imrimmg the garficie aim} of the drug,
hgrinmteasing the sniubiiitg; cf the cimg in the ziif.‘r’u-
sirm Eager, and by fattors emfismiiezi in the: dissoiuw
tion rate cnnszanz, 1;, imzluéing the intensity :3? agi—
tafi-tm »:a£ the $.91?-erzé: and the ciififizsis-n ceseffiatient sf

the dissoiving drug. Fm: 2 given drug, the étififusican
cqsefficimt amczi msuallgx the cancannafien mi’ films
émg ‘m the éiifusinn layer will izmmage with im:r::a5—«
mg tarnperamre. Also, increasing rh-Ea rate: am‘ agra-
tim of the éiasoimring meriium Wm increase tim me
sf tiissn1u1:1'0n.A resiuxrtixm in me vismmity flfthfi m1~
mam employed ia anmther msszms wh-“ash may be uaafl
13:: enhance $3122: x:iissx:c}uticm rate :3£ a cimg. Cfharigés in
the pH azsr the namm Eaf the snlvznt which imluence
the miubfliiy af the drug may be used in advantage
in incseasing dissoiutim rate. Effervescent, buffemi
aspixm tablet fnmulafimns use same of thma ptihci-‘
pies ac: their advantage. Dam: an the alkaline adjw
wants in the tablet, the miubfiity of ‘the aspifin it»:
enhances?mm the cfififusiana} Eager and the =r:mlu-
flan mi zxarbon »:iis:.a;-ids agitaieg the smivanz: system,
1.2:, gastric juices. {Zcrnsequgnfi}; the rate {if aspixin
absnrbezi mm she bioodsrreaxn is faster than that

achiazveci fmm a cnnvemicml aspirin taialet fasrmz»
Iatirm. If this cirraage fmm is acceptable ta {ha pm
tiem: it pmxides at x:p.:i£.‘3£=&i“ means far the patient #3::
gain relief mm a trnubiestzme headache, Esziany
manufachrrem will ttfihze a amcrrphfims,
aystaliina, $311; at aster farm inf a drug that will ex-
hibit théf sizsluhiiity aharactaiisricg nessedsezi m achievfi
the ciegired dismiurmn chazactefistims when a»:imin~

isiaresi Same sf these fanmrs mar afiect chug disso-
Emiun briatly are disczusaeci in the Ecsllawmg para-
graphs, whereas others wili be xziismssmti in
amcceeding chapters; in whiazh t}xey~are mlevant.

The chemical anti physical characstazistics cf a
szinxg substance that can affect drugfdmg pmduct
safety, efifiicaqs and stability must be carefulljg fie»
fimexi by apprmpriate smndards in an application for
FDA appmvai and than suinstained and cnntrnlled
thraughmzt gzsmziuct manufamrure.

Surface Area:

when a drug particie is reniuced to a iargar m.zrm~
bar :1? smafler particies, flag iota} mxiace area new

alga-ti is Ensrsazzsed. For ximg subatances that are
pmrig: ~:>r slrsmiy salable, this genaraily results in an
inczrease in the ram: at dismiufinn. This is explained
in the Phjssiml Pharmacy Capsuie, “Paxiitzie Size,
Surface Area and Disscoimriars Rate.”

increased tlmrapautis raspceme to 3:311}: a:i~
ministered cimgs xizsez an smaller gzarficfle size has
been repxmesi Em‘ a number of tiruga, amcmg them
theophyllinq, as xanthirre derivative med ta treat
brzmchial asthma; grifieafiflrvin, an antihimfic with
amifungai activity; sulfiz-mxamle, an antiminfectéve
smifonarnicia, and nitmfizmntoin, a urinary anti-
infectiaze dmg. Te achieve imxeasexri Slltféittfi arm,
pharmateutizai manufacmraars ireqmzntlggr uge rm?
crmézsd‘ pnwiiers in their mlid dosage Emm §21‘e::»:§~
ucm. Micmnized powders nnmsisr «of drug pmisles
reducaé in si;:& ti) ahmzt 5 micrcms anti smaller. A

aiigm vaxiatien can this is accomplished ‘crybiendmg
anal melting the ;;2cr:::ri§«”water«9o1s:i*::1e pawciers with
.2 wate2vrw$«:;>¥L1}:-Ewe p-tafymexg, such ma p£;1ye§:E1§:?ene 33;.»
co} (£3513). In the maker: state amt} if the rimg dis-
achrass in this earns: (PEG), 3 mnieculax dispamiazan
Bf the drug in the carrier mmlm. ‘Upon .2o}i:iim~
mm, 3 so1id«di2pe:s;imn is formed which can Eye 33:11»
mxitiaed and aahletad at encapsulated. when this
pawder is placed in wafer, me watemaiuble carrier
rapidly difisczbms; "ieaving the pqmfly mlnbla timg
envelnped in watt-x; thus fanning a ssoiutian.

The use of micrmizsari drugs is mm mmfined ta}

mral preparaiimns. F-my example, nphthalrmr: aim»
mama and mpiczai ointments utilize xnicrmraimri
riimgg Em: their preferred release efmractetistics anti
mmirritazring quality after appliaatigzn.

flue tn the {iiffermt rates: and dwfiefi of a§:ssmp~
tier: obtainable Bum drugs -:35 wariszms particle gizaa,
pmziucts nf {ha same: drug substance prapam-xi by
ham *3“: mum re§ia'bIn> pharrnacaxfiécai manufacmrm

may result in r3z»Zf1‘%::r-zm degrees czf theraperufic re»
5p0nse in flue same indimldtxai. A clxagsic exampls :31‘
this mtmrs with phanyt-rain mziium capsules where
there are mt: ziisiinct f:;m1s.The {mt is the .1:apici—
re1ease't3rpe, La, Pmmpt Phamytnin Svsrdium Casp-
miss, ESP, and the mccsnd is the sI:mr»diss=::2iun’r::a

type, 122., Ezvizenchzd Phanytjzzin Sodium Capsules,
U333‘. The farmar has 3 cfiisérzlmtirzn rate azzf mt Less
than 85% in Bi} mirmtes anti E5 recammendeé ft}:

paiiesczt use 3 to 4 times: per day. The lam: has a
sisziwer ciissc:-&m:’m::: rate, s:.g., 15 to 35% in 39 min»
urea, which fiends itsafif far use in patients wfm
could he dssefi lass frequenfiy. Because mf such dif-
ferences in fomuiaficm for a number of my and
drug praductz, 2': is genaraily advisable far a person
tn mnfirme asking the azame: brand 1::-f metiicakistzn,
pnzuwsiciaci it pzmiu-ms the desireci therapeutic eifrzci.
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Phyai::;a:1P11arma:y Capsuia £1 Sits, Surface Affifl flflli
lflissoiution Rate

Pszmicle size has an efia-:1: an clisssluiion rate and acvfubiiity. As shown in the Hayes-Whifiney aqumian:

€353 _ __
3, - task; C;

where ciflf:51“ is we rare cf dissaiufion {nmncantratéan with respect rm time),
5: is the dissraimicm mfe consmnf

S is tha surface mean of the paniclass
C3 is the ccmcentrminn <3? the drug in the ihmefiiate proximity cf the dissniasing particle, §.e., zhe
miubifify :2? fha drug,
(I, is the mncentrntian of the cimg in M2 bulk Suki.

R is widen: the? 3133 “C,” manna: he significantly changed, the “C,” is mfien unclear sink cnnéitions {an amaun!
ck? fire drug is used that is less than 23% +3? ifs solubility} cmci "is" comprises many Factors sucth as agitation,
temperature. This {ewes fifm “S,” surfizce nraa, as n Fmzmr ih-at can nfiecf fine rare 0% ciissczézfticsn.

An increase in tine surface man :3? :3 chug will. within reason, increase the siiasolutian me. Circamsrcmcas
wlwen if may deatzremia the rate wmufii induda 0 decrease in fine ”ef‘facii¥a sufiaca area,” 3.3., :2 izandifinfi
in which the dissrfiving fiuixi wnuid not be able in “area!” the: parlicfas. Wefiing is 1513 firs? step in fim dis-
soimim pmszess. This can be éemonstruksd by vismiizing :2 {)_?5 inch dinrrxsaker by U34 inch thick kmifiek.
The surface men: as? the Embiet gun he Encransed by cirmircg -:3 series 05 If I 6 inch 130135 in 513 tablet Haw
ersaerg, even fimugh fhe surface area has bean imcretxsexi. the dissohafisn fiuid. E.a.,, water, wcsuirzl ms: nae
sessmrily be able: tr: pesneirahaa ink: the new hnies due: in surface tansim, 91:2,, and dispkma the air. Ari»
smbed air and afimf Fanciers can decrease tha eF§er.-fiws surFuce urea {£43 dcmxga Form, including pnwdars.
This is the reason Rink pnrficie size mdmfitm does no} uiwcxys rasuii in an increase in dissoiufizm rate.
Cm can 4355:; visuxrflize :2 pnwder #3-«cit has {seem mmminuhaci to u very‘ iina start: of subdivision and when
it is pissed in :1 beaker cf waster, ma pcswxziar Ficrars éua ?-:3 the enfrappeé one? ocisvorized air. The "e¥Fac—
rive surfizme area” is not the same as» 31% mama! "surface area” as? !he rasuhing pawdar.

Patients wim am stabifizexi ctr: cme brand sf timg
shmfld mt be szwitcheci tn: anmher unless neces-

saxyk Hawewer, when a change fig necessary appmw
prime Nomi or piaatrxa ccncanuatéans of the drug
shmflci be mcmimrad mm} the patianris stabilized
cm the new pmtiust.

Ckszcasianalljé‘, a rapid rate af dnxgabsmptimn is met
desired in a pharmaceutical praparafinn. Raseamh
pharmacists, in prmmziing smstaineci rather than
rapié actinrrn in certain prepaxaficxna may magic?
agants nfvaxying pariicle size ta prmide amntmileni
disseiuticzn and ah-mxptian pmcess. Suxmmrigs nf
the physaical ch.-2znix:a3 primiples nf pazficie size re-
fiucfim and the relafinn ed’ particle size in mrfacze
area, dis-s«:nIutir::n, anti Enlubility may has fizmmi in the
Physical Phaxmazsgs Qapsnias in Chapters 3 and 13.

Crystzzi or Amarpkoxs Drug Farm

Saiixi drug matezfiais. may «:‘.}C€fI}I‘ as pure crys-
talline substances of definite itientifiabia shage cc:

as ammtpmus pa:-titles: without definite stmfifmm.
“The arr:-tkrphous or crystailimz character of a drug
substance may ha of mnsidezable ixnpormnce tn its
9352 sf fonnulatmn and handling, its chemicai sis»
bflity, and, as has been recently; shown, even its bi»
ologicai acmrity. Certafin meciiiinal agents may be
pic:-mead to axis: in either a crystaliim Qt‘ an amazm
pimus mate. Since the amoxtphcms ézirm of a c:}1-em~«
1:233 is nssuaily mare amiable than the cxystallme
form, difiarent axtmts sf cimg ahsmptriczen may re-
sult with c-amsegzzenr differences in the degree of
phmmacniogc activity ntsbtainsci {mm each. Expe.=.::i««
megs with we antiizicstic subgtances, nmnbincm

and chiaraxnp hmicni palrnitate, have revealed that
thatse: mabzrials are maaeentiafijr inactive: when ad»
minisrered in crjgstalline farm, but when they are
administered in aha amutzrphms farm, absarprimn
Emm the gastmirztestizaai tract prameds ramiigr with
gm:-xi tharapeutic reapcsnse. In mrhesrfinsmncea, Ei'}’S-
tailine farms sf dmgr may be used because anf
greats: stahflikythan the cc:=r:E5pc1&§ amarphmrs
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118 3393.232: form Qegighr Eifiplzrzrmaceagfis and Phammmkinetis Cansiziaratimzs

Earrns. Fm example, the crysmfiine f»::xm‘a£ sf pen:-»
:f11in {"3 as either 331% pmzassium :3: smiinm gait am
mngidarabljz mare stable than the‘: anaic-gixus amm-

phmzs fm'1:1S.Thus, in fommiaticm wart: invcxhring
penisiflin £3, the crystalline Emrrnaare preferred anti
team: in Exnafient therapeutic rresprmse.

The hcsrm-nna} mbstance insnlin pmsems an-
other atriking exampie afflxe different degree 01“ am
tiurity that may result {mm the use at’ niiifferant ph:.rs«
i»:a.I forms :31‘ me $a.me meriiztzinai agent“ Insulin is
the Mme pxinitipie 0f the pancreas gland and is 'a*i~
ta! 1:; the bad}/k matabaifisrn t)fg1u»:ose«s:.’I11re him
mum is prncluced 1:3,! mm means‘ The first: is E32
extractiun pmcedurés fmm either beef {)1 park pan»
cfeas. The semnfi prize.-ass Erwflivea a hiosyntheti:
proaress with strains cf Esaizerxbfsia sszfi, i.ea_, {amm-
binam DNSK. lmulin is used by man as replacement
ihszmpy, hyinfeagicn, when his bczfqrs pfmduction oi
the hmmcme E5 ingufficiient. Irmxlm is 3 yrszsfein,
which, Wham mmbmeti with zinc in the grrmemm mi
acetate ‘.:s1.1§e‘r;. frmns an extmmely inscfluhle zing-
insuiin mmpiex. ilepenxiing -an the pH of the a.«:~
state buffer mlutimm this at-sampler: may be an amine
phmus _precépitate or a crystalline material. Each
type is pmciuced cmnmerciaily rm take advantage mi
their unique ahsarptixzsn characteristicsy

The arnorphnua §cm:n,. refarreti {cs as ssnzifmm is-2«~
53:35:: 11:11’ Pmmpi; Znsnhn gm: Snspensian, USE: is
zayirily absarhed spam im*:ar:msr:uIar m m‘b«::uta~
nezms Qmder the skinfr injecfian. fhe iarger £1335»
tailirse znaieriai, called zzlfiufenéefmflm orffxtencieci

Insulin Kim’: Sugptznsion, USP; is mare simwly ab»
smbad wiizh 3 ressultant I-anger durafian of acticm.
By combining Ehe {mm types in variczus gmfmrfians,
a phyyixian is able in pmvide his pafients with im
rermmiiate acting insmiin at’ varying tiegveas :32‘ 2::n~
set. and iiurazricm ct? actiim. A physical mixhms mf
’?’Q‘}§; mf the cqrmlline {mm and 3~£}% :3!’ the amm»
pimus fem; -saflazi farm‘ irasxzfiira ax Insiflira fin: Sus«
parzsinm USP; is commamialiy asraflahia am? pm~
vides an intasimediam acting insulin preparatitzm
that meeris the requimmaenta mi manyzzfiiabefizizs.

Some meciicinai chemzfcals that exist in s:t3r's~

tafiirze form are capable Uf irarming dififerent tjrpea
sf firgzsfiais, depending upon the mndifims (mm-

paraium scrivant, firm} under which attystalfizatian
is im:iur:ed.’I‘hi£ pmgexiy, whereby a singie chemi-
cal substance may exist in mmthan fine trrgsirallimz
f:::m1.is kzmwn a5"pc.«ly:m3rphism.”C}nly -me farm
:35 a pure drug substance is stabla at a given tern-
paratum and pressure with the other Eaxrns, called
metastabie farms; mnverting in time ts: the sable
crystaliimz Eszrrm. It is th.-=:r<=:fm-2 mt unusual far a
metastahia farm <11’ 3 metziiacirsal agent ta change

farm even when mm-2:1: in. a crmmpieterd pharmzar
seminal gzreparatirm, a1 thwgh the time requireé far
3 mmplete changa may Exceed the nmmal aha}?
fife (35 the pmdmct itself. Hczwewzn frvzem 3 pharmm
rzmttieai paint ezrf vim any change in the cryatai
structure elf a merinzinal agent may criricaiigg affect
the stability anti even the therapeutic effitzacg cf the
precinct mwhich the ::c:<m'e:sir.m takes piace.

Thevarious. paIyrnorphicf:zn11s rafthe same chem ~
ital generally dififxtrin mans; physirsai praperiies; in-
cluding their snlability and dis-mmticm :harar:teria~
tics, which are as? prime impurtam:-2 in the rate anti
extent sf drug absczrplistwn ism the E::r::dy‘s zsyatem
These ciiffersnces are manifest an long as the drug
15 in the mlid state. On-rraa aizkluticrn fig szfifecteci, the

xiifferem Ecsrmg are indistimgxfishahle one from an»
aflnmz Tkerefére. diiferemces in ziimg action, phar-
macemiealiy and thempemically, can be expected
tfmm polymmrphs container} in mfid fiasaga fflmlfi
-as: weli as in Iicguizi szgsipangion. The ~.:.cr:ra of mem.=zr~
able ftcrrms generafijg msuitsirs higher solubility and
ciissmlutimi rates than the respeciive st-ahle crystal
farms mt‘ fhe same dmg, If all other facztmrsz remain
mnszant, mom rapid and mmplete drug absoxgw
ticm M11 Ef};e}y msmlt ffrmn the matastabfe ffiflftfi
than mm the szabie farm :33‘ the same zimg. E31‘: the
mflmer hanrsi, the stable pulymorph is m-rm; resistant
in chemical zieggraéancan anti beczausa mi its inmzr
salulzility is frequenfly preferred in phaxnmceutiszai
susgsengisns tiff inaczriubia 1‘ZfI'L1_g’.-3». If metastable fcmns
are empkuyeci in the prepazaaiun uni suspensims,
rheitr gradual gcznversitm in the stable farm may be
accompanied by an alteraticsn in the cmnsistensy
sf the susgemsimn imeif. thereby affiacfing: itzs per»
manenizgs. In all ins:i:am:e:;, ihe anivantagtas stsf the
metastable crgstailine fcarmg in tems of imtreasmzi
phyaiologig aasailabiiiiy mi‘ {E152 drug must: be haiw
ant.-eri agams: {Em increased pmsinctlr stabiliq’ when
stable: pnljgrmrphs am emphayati Sulfur and crmrnh
sane acetate me mm examples mi drugs 313*: exist in
more khan mm: czystamna {am and are frequently
prepared in phannatantinal suspensizsns. 1:; knit.
mrtismne acestate is repmteci to exist in at least five‘:

riifferem :::ry5§:a1}ine farms, it is psssibie far the
mmznerssial pmducts of mo 'manuiar:mrers in {fif-
féo: in stability and in the flxerapeutfs: effefit, sie-
pemiing upon fill’: cxystalliflfi fxmn ef the drug used
in the faztrrmlatirrm.

Sm?!Poms

The diamlrsiam rate of a gal: {mm czaf 2: mg is

gezmraflgr quite ciiffamnt {mm that of fine param:
mmpmmd. Smiium anti pcetassimn 521123 ccf weak
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flosgga For-m Ekesxgng Efifayhémracausic msf Pfizcmrtzzsakaaetgk: Cimiderazmns m

csrganic mas and hydrechlmriaie saits cf weak: »::sr~
ganiaz E13523 siissarve much mare reazifly than this me
respective free arzicis or bases,‘?he remit is a mum
rapid samrafinn :3: the difiusim layer surrounding
the eiisscziuring particle and tine cczmequant mare
xapsisi ciiffusim mi’ the drug in 111% absorptiszm .<;it£-:5.

Pslumarons exampies mzici be cited to demon»
strate the increaseti rate sf dag ciissuiuticzn aim ta
the use 9f the gait: farm :33’ the drug mthszr than iihfit
Ema mid at base, but éha fssllmvirtg will zmffice; the
adziifion of the ethylenecfiaminea mmieiy in them
phyiiine isxcreases the water scflubiiitjg cxf them-
phyihne S -foI»:i.Thss use :3f the ethyieneriiamina salt
sf thenphyiline has; aflamaed the tievelepment af
arai aqueous sczelmfimns sf thenpirrjglline and ziiminw
Eshmzi {ht-2 raeai m use hydmajcohcfiic mixmras, e:.g.§
eljxirs.

Qfher Factors

"E122 grate :19‘Fzyximfian :3? a drug mniersuia can af-
fecic its smluhriiity and pattarrx {xi absmplzirm. Usually
the anhydrouza farm cf an arganic mniecule is mare
readily salable than the hydra‘-bad form. This char
acteristic was demanstxated with the rimg a:mp-i-
cillin, when the anhysircsus farm was shmxm {:3 have
a greater sake of solubility than the hihyrirate form
{é}nThe rate of ezhampiinn for the anyhdmus Ecmn
was greater than that for this mhydrme farm of the
drug.

(Emu: swaiiezweci, a cimg is placed in the gas»
trraintesfinai tract where its solnbiiity‘ can be ab
fensteri mat manly Bay the pH mi’ the vanvirmxrmant, but
by the mtmnal mmgmnemta rsf the trad ami 'cE‘\ca
fcmdstiiffs whimth may be: gmavyent. A drug may in»
mack wifh vane of the ather agents present in fmzm
a zihsmitral arc-mplsix which may result in refiuced
aimg mluhiiity and dacreased rimg ab:3r::rpt:'m.The
classic eaeampiaza sf this cempiexaticn phemmenan
is that which occurs batwaan teimcyciirxsz ma-
Imgues ané certain caiions, £‘:.g._. calcium, magm3~
sixxm. afiunxinum, refiulting in a ciecmaseti absent?-
ticm sf the tefiacyflime xierivative. A159, if the drug
becczmafi admrbeci um: insmiubie maizarlai in the

hack, its avaiiahiiity Em" abamptian may be :m:rE~
spumiingly reduced.

Biaaxrailahifity and Binfiqnhralence

The term E:t'::=:;='x.rs:z:‘E.:zi2:‘l:‘2;s; describes the ma anci az-
tem‘ m which an acme drug inggadjam at fnarapanw
tic: mniaky is absurhxssd from a zirug pmdmt and he-
mmes available at the site nf drug acticm. The team
fézbequivalezice refers in the Efimpmzssn :35 bic3.=maiI~

ahiiities of diffexxam fvrmuiaticrns, cimg ytflducts, er
batches of the same dmg prcscfuct.

Thfi availability! ts: the binimgfitz system of a
zjmg subsirance formulated mm a pharmaceutical
pmcimzt is irzteg:-a1 an the gmais :21‘ {Image form
design and paramazmnl; to the efifectivenass mi the
meditation. The smdy mi .3 drugs iximavailahflity
depends on the drug's absnrpfinn mt imzn
the syatemic czirsmlatinn, and sturijging the phaaw
mamkinetir: prefile cat“ the 61mg csritametabazfiteis}
me: time in the appmpxiate biaingit: system, £:.g.,
bland; plasma, mine. Graphieallyj, biaavailahfliry
QE 2: drug is pcsrixagreti by a ::sncenm9‘;ic3n~%ime
curve of the acinfinistezed fimg in an appmpniata
tissue sj;st&m§ e.g., plaama {Fig 4.4}, BEm1vaiI~
abiiity riata .-are used ‘:2: iifitfiffliifiai 1} the ammm

cox: pxnpwrtian sf chug ahmrhad {mm a £::mmu§.a~
firm Q1‘ flmsage fmm: 2) the rate at which the drug
was: abmrbeé; :3} the duration cf the €:mg’s pres»
mac in the bioingic {mid err tissue; and, when
cmtrelated mm geatient mspcznses, and %) the: mIa~
ticmship imtween fimg blmtssd levels ané ciinicai
efficacy? and mafitiijf.

Ilming the pzzzchmt development stages szrfa pm-
pnrmi drug precinct, pharmaceutical manufiamxsezxs
employ hiaavailability smfiifis txzz mmpare different
Etzcximzlatizzen‘-3 of ma drug mbstance m asxzartaim the
cane which allmevs the mast desirable abaarpfiun
pattr.-zm. "Later, biaavaflabéiity studim may ire used is:
ctzmpam the availability szrf the dmg substance fmm
rfiiffemnt pmciuc:2;»;:»n izsatchey am‘ the prcsduct, They
mayéfisazs be uaeci fit} mmpare the mrai}ab:E1ity=£:sf the
drug substance {mm difieram dmsage ¥com1s {as
tabiafs, capsnlxees. 131E:-:.ir:s, em}, :31“ {mm the same
damage fem pmduced by different {mmpming}
manufacturers‘

ma Bfimzzwaifrsbifity

Suirzrxissian Requirmmnts

The FER mgnirss biaavaiiability vziata st:‘:2mi.3-
sims in “the fmlnwing instances (5).

1. Mm: Ikmg .41;:p!icc:fix:ms {NI3A.s}. A semen of each
NIZA is regained ta dess:-fibe the human phaxma»
mkinefis: dam and human bi-aavaiiabiiity éala, nr
We-rmaricpn mzppamng a waiver of the bioaxsaail -
a‘E:.~iIity eiata requirement {am waiver pr-twisi-ants
fnfinmng).

2. abhrwiafefi New Drug Appiimiissns {ILMQA5}. in
viva bioawaailabilitgr data are required uniess in-
mrrnation is prmeideé and accepted supporting
a waivar (2? 3318 requirerneni: {see waiver p££3*3'i-

£16135 fcilamng}.
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camentratiun Peak

:"'as

235Averagaserumccncantrafinn(m::gfrnL}
Eiasaga Farm Qmign: Bingzhsxmmmniic mm’ Ffzmmzmiicirxsrtir: rZ::rz3Eeim:££ar::$

Time to? peak
enneentraflm

Area under: me
serum cnncarttratinn

"3. time: cunts (:1:-12 hrs}

21.5 “fig :24 hoursmL

8 3 ii) ‘12.

Tima afiar drug admmistratinn {hours}

Fig. 21A Serum :::;n:2a:r:t~r;::ri:xr:~::‘:nz< mm 93ma::«.:‘:;g peak Jmigh: mrsrmmmmg me :35?‘ peak mxxrxsrsts-:;::i::;.u, amt? arm zméer me
me. (Cr.-::1r*I:s_1g sf1'2}. Cikshzias maxi‘ 2’-LR £?iSma£n, The Llpjcskn Comgxrmgtl

3. Supgziemenrszl Appiimfions. In vim bimzvailahility
data are requirad if there is a change in the;
a. Manufacmring pmrzess, pr-nzcciuct fommiaticm

-GI’ xirasage §tre:t1gth,, éaejgtmcl the txariaiiona
pmvitied fa: in the appmzrveai NW3.

3:. Labeling, to prcmlzzle Fm? a new inciicat-ken £0:
usva nf rhe drug gsrociuct anti, ifflimral smfies
are requires: in support the néw indicatimm

£1. Labeling, tn prcwicle far a new war adciitional
dnsage regimen far a spacfiai patiant pe:+pn1a-
{inn (»3.g., iruéams} if ciirtical studies are m»
quireri to mrppafi that new or additional
dosage regimen.

ffionciiticynsa under which the F5113 rrrciy wafiszeihe
Ln~‘<:i~m biaavaflahfiity requirement imlmtie:

1. The pmcimf is a smixgfinn Eniencieci 501913; Em
intravenmzs adrninistratimm and mntains the

same: artiwa agent, in the same Cuncantrariasn

and soivent, a2 a prmiuat previmzsly appmved
thrcmgh a full N391.

2. The ding pm:-:iu::t is asimi31is%er1s::i33}f irxhalaticen
as a gay or vapm. and centains the game acme
agent; in the same damage farm; as a pmciuct
pzsewri-nus}? apprmmfi thrczugh 3 371311 NBA.

5. The (img product E3 an aural solution, eiixig syrup.
tincture am: gin-zilar cxflaer solubilized fizzrm and

cmtains the sasne active agent in the same ::s:un~
centrafiam as a previausiy appmved drug pmdw
mt thmugh 3 £113} NUA, and mntaina rm inactive

mgreéient Eznmm to significantly affect a?;asmp~»
than of Ehe active cimg mg-eéienr.

:1. The drug pm<:iuc:t‘is a {apically applied prepazw
tim {e~g.,. mimsment} intenrit-zci far imcai ‘»:2~m:ap:=m-
fic effect.

5. Tha drug product is an axial (image farm that is
mat jntendeci to be absrzrhed (2.3, antacici {If ra~
zfdcrpaque medium).

£3. The drngpraduc: is a suiici ma} clattsag-:2 farm that
has flea’: dam-zenstzated 1121 be identical, «GI suffi-

rsientiy similar, in 3 drug prtriimrt that has met
the invvim bis:-availabflity requirement.

Mast sf the binaarailabiiity studies have been ap~
plied tr: drugs mntainesd in salicl :3-nsage fauna
imancied m be afiministerefi wally fa: syatemic £25
fextrts. The emphaszis in fihis ciimcfixrm has he-sen ‘pzin
marily due as fhe pmliferafirxn sf arampefing pméw
uciza on me market in recent years, particularly the
nsnpmprietary {generic} :2-xpsuies anti tablet: and
the knuwlarziga that rsertairx simg emitie-.5 when f::t:~
mulatesi and manufactured differently intact st;-Eixii
damage farms areparlicularijgz pmne tn maxiafions in
hmingicr availabiliiy. Thus, the preserci c:1isc:123$i-1.13.15»
wit}! be centered armnd S-Ctlid cinsaage fomxs. Haw-
avar; this is nut in imply that syfitenxic drug nbs::1rp-
tien is mast intenciexi fmm athe: mums of admi:n;is-

fraaticrn G1’ cams: éasage foams, :3: that Tzisaavailability
pmbiems £2133: rm: exist from these pmciwzts as
wail. Indeed, drug: abscargztinn fmm ceathw mates is
affected by the phfasimchvami-sat prapfirfias :31’ the
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flamzges Farm Besign: Etiapiagrmgraezms and P}:m1m::r:k:'neh‘c {2:.>:rts€ez‘gr:::z’cms 133

(jmg and {he {annuiative and mannfactming :a5~

pgcfia 9f the dosage fmm design;

Bianca? {ctr Serum or Pixzsmsz)
EZ'nm:‘er:tnm‘m2~‘I’ima Czmre

Fifliinzmng the ma! administratiikn if :2 m~asiir:a«
mm, ifbiomd samples are drawn fmm the patient a?

specific time intervals and anaiyzed fa: thug con-
tent, the resmitring data may be pitztted on ardinaxy

graph paper 1:23 yield fihes type 43% dmg bimd level
curve presenfed m Figure 431. The vertical axis of
this fype ofpiazzt chaxacwdstieafly presems the can»
cemmticrn :35 drug present in %he blzmd {or satum :2:

plasma} and ma hm-imntal axis presents the firm:
the: samples were mhiained fnllmring the adminis~
tratirzrn of the drug. Wéxen the drug is ficrst ad:mini5-
tareci itimre mm), thve bimci ccmcemrratian :31‘ the

drug sheulri aim: be mm. As the cimg passes mm
the smmach andfmr int».=2$tir1e; it is xeleafied Emm the

cizzsage farm evemtuaily <ii§St3iW:‘:§, and is absorbed.
As the sampling and anaiysis cantinue, the blood
samples mveai imirerasing ccmctentrations of rimg
until the maximum {pg ak) cancentcation {QM} is
reachedfhezn, tha blend {eve} of tha drug pragrasw

surely decreases am}, if rm additional cinsa 1'3 given,
mmtually ‘E3115 in am)‘ The dirninished bisamii lave}
sf xtlmg aftar the peak height is reached infiicatag
that: thaa ram :3? dmg eiitninatian {mm me bimd
stream is greatar than the rate of dmg aizsmption
mm the cimzlamry system. Eirug abs-arption fines
net tannitzate aim: the peak bimé lave} is reached,
but may mniiimae Em: same time. Similarly the
prrsceas crnf zimg elimination is a mntinunus one. II
hegns as smn as the drug first appeam in the blexcrd
stmam anal ccmtinnes until an x:-E the cimg has it-eszn
-eli1ninat«e:i.1»‘€hen, the drug ixzmres the blmci it ma},
be fauna in xsamrzus bcsciy tissues and czeiis for which
it hag an affinity untii ulrimateiy it is -excreted as
gush :31“ as drugmemlmiites in the urine var via game
aim: rmxte (Fig. 4.5).A.m“ina1§2sis fizz: the drug :3: its
metabalites may be used in i;ndi~::.-ate: the extent «sf
drug absmgrstiozm anrimr the rate mfszimg eiicnisxatim
fmm the hr:-dy.

Parametersfarassessment m-sci
Campmvisozrx affiimtzaiiabiiity

In ciiscrussing the irnpnrmm parameters ta be can‘
siciered in the rsompamtive svaiuatim of the blmé‘

‘HID

may a! Aizsarpfim Sine

BE

mflahalites

3 SB

g mug in may‘a
Em
E‘ as

§ Exmeted Etrug

29

5 I
B 1 2 3 5 5 6 3' 3

Time tsirhitrargr Hams)

Fig. 4.5 ‘Time mm sf mag in the 119523 {Reprirzteé with grsmzissiaxr ;‘n::m Rawfazsci M, 3213-:rI'.€*a£. iféérzéesszl fifiamzacvkissesécfi
M an P&ifrI.cf:?;:§r£;z: Lee: as» Febigsx 2939.;
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1 1:; Ufisrrga Psrm: Dmgn. Eiaphmmszmiiéia mi Pammmiinafic Cm:si:im1:i:;:rs

imi mmres fmlicmzing the ma} admimstrafian mi sin»
gia dcxsea an‘ twat» fonnxflaiians tsf the same émg arm
tity; Chadas and Difiiamn {Ex} 3&3} the foflcxwing:

I. e Ifizak E~Ie:Eg*ht Cimcantratira-n (CW)
2. "he Tzme cf the Peak Czxnrcentmtim (’fm,}
13. “he Area Umiar the Elma {qr semm mt plasma}

Concentxafianflime Curve {AUG}

fixing Figmrs: 44.4 as an ea-ample, the height 22% the
peak <:z:sr>:<;u-.:rxt:at31;3:'a is equivaimt its 4.3 p.gf1r\I.. of
drug in the serum; the time sf rhea peak ::<:«m:e:n::.ra~
tion is 2 hmxrs after adritinistraiitm; and the area.
under the rmm: Emm ii? in 12 hrsms is mlmalataad as

21.5 p.ga'mL X hcmr:-3.T}m:e meaning ami use of thesrs:
parameters are further explainszri as foflaws.

Peak Hseighi

Faak height concentxaiiem is the mastimum dmg

csncentratirm {Cm} shamed -in the blend plasma
car serum fcrllowirig 3 ciase :15the cimg. Fm r:z::mren-
tizmal dosage farms, as tabiets ami zrapmles, Eire
CW3 will usually mscur at only a single time pom,
refiemed :0 as ?,,m. The amstmm m‘ nimg is usually
mcpxessesé in taszrns cf its cnrznentrarion in relating”:
is a specific vakume afbland: serum, or piasma; For
Example, the cunceatrafion may he ezcpresseeni as
gflflfl mt, gngfmi n::sf mgfiéz imgmli} 311.}. Figure <16
éepicts mncentratcmn-time -::£11'£?:E3 showing ciiffer~
Em peak height concentrafisanrs Em aqua? a.m-tzxmts
as? drug from me different: farmulatians f:al}r.sw~
mg anal adxrzirxistraticsn. The horizrzmtai line dawn
arxim the figure inciicates that the minimum effec»
tive czmnentratimn {MECZ} fer: the drug substanm is

Avarageserumcancsentralirrn[m::g!rnL}
0 H 2 3 4 B B

Tima afiar drug atiminmrazim {hnursj

 

am gsgfmt. This means that in nréer fer the yariam
in exhibit an adaquata sespnnse to the émg, this
mncemraticm in the bicz-mi must be achieved. {hm ~

paring; the bismii levels 22-? dmg achigveai aftnsri‘ thfi
ma} admimsfiaflon cf equai times sf Eannulafiom
"?*‘{‘ar\ri“E"in Figzue 4.6, Esnm1atim"§:’Mfl achieve
the required blamii {W215 :31‘ mg tn pmduce the z:e~
sired phannamlogic effect w¥1ere:a& the: aciministira -
tifim mi‘ fmmu}ai:%nn""’E~“wi11 mt. an fhre other hand.

if the minimum effackive rzamentratitm fan‘ the eimg
was 2.11} ;.s,gimL and the mimimmn toxic x:once:ntm~
1:312:11 {MKCQ was «M3 p.gfmL as depicted in Figure
-1.13, equal rsiesw cf the was fanrmuiaiiszms wmzki re»
5131: in mafia: efiecta prueiuced by fx1nm1Im:ie:~n"3‘§*but
{my desired effeam by Ennnuiatim ”3f’The »z:fi::rje;:~
tive in the insiimeixiual drraixag sf 3 patiant is is
azthimrez the MECI hm mat ‘the MTC.

The size naf. the dose administered inflmames aha

bland level mncemzation and Cmx far that drug
sx.1'bstan<:e,Fig1are 4.3 depicts the influence cf dose
an the blrmsi ievel time curve far a hypmheiical
drug atiministevrnzd by the same mute and in the
Kama rimsage farm. in this example, it is assumed
that all doses are mmpietely absmrbed anai e§imi-
mated at the same rates‘ A»; {Em dime inrsreaass the

CW £5 gzrmpattionately higher am} the areamnnsier
k:he«c1.Irve (AUG) pmparfionafitrzly greaI:a’r.The peak
time,'1i'mm, is the same for each dam.

Time nf Peak

The semnd parameter of impcmsmce in assess-
ing the cnmpar:-szive bimavaiialzilityg 223$ EWE3 {annular
time is the time xeqairaci ta aszhimgaé the maximum
iaxrel 015 drug in {he bland {‘T‘W,,). In Figure -$.15, the:

‘W 12 1:5 ‘F6 29

Kg. 4.5» fimzm m22ce?:§mtfnn»t£me mm: shaving ééfibmt grant high: mms:21‘:::f1Zm::far equal rmmmis -z1f_d;“I.igfmm am: :31}
fiermifirmufafimsfixifzzwrng mi :¢a£m§m‘sim£i+::n. {Cmertegy czf13.1. Qtmios and A It aissm 1'3»: Upjshn Ccrnxparq.-.}
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F”n

_,....»»Furmu2af2crn A

Averageserummncerrtrazmn§rr22:gfmL}
5* 3'3!

fl’:,1.?.3:2 E E

Area

{W20 hours}

A-«--«—-4 A a 3M% 2»: ncxura

tr----«A 3 3 am ~“[%%3 2»: I-mars
as-4-mare;-antennacane-A-nuncfinurann-anaraannaauInr.u-»4.au~r..ut-Aanlraair

M U
322I 22222222'8

5mC}

ii) 12 M 15 223

Time aftazr drug ansmsnistraticm 2212222233

Fig. :1? Samar: mncer2:2z::£m2~2i222a mama shaming peak £2.-223222 mncmhméom, peas: fieigkt 2222225,. $521292 22: mack m‘r2z'22222r.-2 23m
2222.: cmcmirstim {MEG} szmti areas mm 3329 sum»: firr aqua! nmamrts £9‘ afmgfrnzm ram fifirmtfarmrgnflms fuffciming mm‘
:a17212ir:Es§rsriio2:2 fflanfiesy affléf. C}rz>2:f::!s rzmti 52.21 Diflzmitn 33:2 iipfifihn C:32r:;2::m§.?

time requires} 2:; azzhieve the peak serum mr2c»2-n~
tratinn 235 timg is '3 Emu: E-2:11‘ fannuiatian "S3:" anti éi
12132225 for farmu}a2inn"’H."="fhés parameter mflnzcts
the rate 235 dmg abssrrpiien from a Eorzfmliatim, If 23
the rate of cimg abmzpiinm 222222 cletarrrnines £1122
time rxe-arias} far the minixrmm effszcrma r:2:2nr;san1ra~
titan to be reacheszi and thus far ‘the ixxitiatim of the

deairad pharmamlogit Efféfl. The rate +::2f shrug ab-
5-zzzrpfimz aim mfluences the periaci 13%: which the
dmg emters the B10941 stream and 2222222222222 affmts
the afuxatinn 2222 time that the ::i2:ug»i2:- mainxained in
the 2312:9212 Lanldng at Figure é§,?, EarmuIafimn“A”aI-
imss the drug in reach. 222: MTEC wiihin 34;} 22222222223
fahnméng a::Er.r2:‘ nistratimn and .3 peak ccanceniratixrn
in 1 ham. Forrz12Li»ation"§3“}2as a 51232222232’ rat? mf fling
3813215332‘. Drug fmm this fxzartxmlafiors reacheri the
MK 2 hunts after adminfistraticsn and its peak can-
cemratiezn 2: hours aftez ar:irni:1istratic3r2.Z{‘hus fast»

malafmn "A" pernzitg fin‘: greater take 222:? gimg abw
sorptiorz; it ailasws mug 22:: reach bath the MEG and
its peak height mane: tham drug fmmmiaticsn "B."
Cm the athar txanri Esnnnulatizzn “B” pmvizies the
grxa-.3291’ duration cf time €232: dmg céxxmcentrations
mafintained abme Elia MEC, 3 hours {Emrm 2 £112 15

hcnzrs fiiiiil-wing acrixninistratianl ta 5 123 imurs
tfmm 30 minutes to 6 hours faiimaning ad2rJn2'52ra~
rim} far fatmu1atian“iA.*"Thus, if a xapid anger cf
amen is de2:irec£, 2 fcmmlaiéfln simi1zx2cs”s\"w<m§:i

be pxefmed, but, if a, hanger aiurratizm 2:21‘ acticm 2:;
iiesireci rafluer than 3 rapid armset sf actimzz, 3 far»
mnlatinm similar t::2“B”wm;u1:1 he prefemazfi.

  
 

Minimum Efiecliwa Cnmanimrim........«..«-..2...........,.««.......«.............amnctDrugCcnczentrstion
Tsme

Fig. 4.8 The frgfizserzca cfsiosa 952$ -2212‘: 211a msiilésreé 33:23:! dmg
m:1m:2:2z2::sn~:1’re22xrfie$ mime» tkreefigfiamtdnses afflm sszm
drug are and {£19. rates sffimg abmmticn msi
eéfimsmfimameqmlafierfim §:ree2:2m2s.A m 12:12:: 22-23, B at 32:3
mg, C? =‘«* EC? mg. {Répfifntad 2:12:32 permission firm: Max:325: CI:
Cancapas in C12‘m'2:2z2‘ Pkarmamlzregy. E3.-?.er2212zlr:23_fB£2::r2;&1i§22{3:'£m
éryszmi Bicmgfimfimca. 133:2 {ipjekn Cantpérky, 393?}.

in mm, change; in the 22:22:: -sf cimg absmpzinn
wili tesult in changes in 21122 «£332.:-as 2;»? both Cam and
Tm. Each prmimrt has its rgrwn characterigtic rate of
ahscnrgwtiasn. Wlmn 2:222 rate :2? absmptirm. is sign
nmasecg the Cm‘ is Iczswered and Tm: occurs at 3
Latex 2721122. If 211$ misses of ‘aha drugs are thus: raame
and presumed mmpletely absnerbezci, as in Figure
-'-23?. {The ADC.‘ far each is eaxentiafijg the same,
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Area Under the Serum {Zanoentratian
Times Curve

The area under the cum {AUG} of a; mncentra»
1-ion-time plot (see Fig. $.11} is mnsixiered reprassan»
tative :31‘ the ma} axnaunt :32’ clmg absorbaci mm the
cfircnlatinn folicrwing the ariniinistratiun sf 2: singie
dose of that aimg. Equivalent dams cf a cimg, when
fuliy ahamherfi, woulti givmcitzszra the same ALICE. Thzzs,
two cxzrves ciiszsimijlm“ in teams at’ geek height and
time :31? peak, as them in Figure 4 2?. may be similar
in terms 51‘ area under the starve, and thus in the

amrmm mf dmg abscrsbeci A9 mriicated in Figure
£1.79, the area, smile: the can-e 5:31 fmmL11ati:m"A"s‘s

3%} gxgfmi. mi hears and Em: E:::=rma.:iat::s.:n”B”i5 342
y,g!mL X h-aum, essenziali}; the 933113. If equivalent
desert of drug in dfiferent ferrnulafimn pmriuce ::£.§;F-
farmt AUC values, diffenmzres exist in the .-23:92: sf
absarption hatwaen the Ecrnnnlatiuns. Figure 4.9
depicts czcmszemratzicnn-iixne r.-umas far tkuree diffa-rw
em‘ formxflatimls sf eqnai amcmnks of drug with
greatly fiiffemnt areas mmdar the carve. In this ex-
ample, frznnuiafiun ‘"8? daiinrers a much gmater
ammmt mf drug tn tha cimflatnxjg symzm than dz?
the r::tEu~::r EW13 frammiaticms. in genera}, the srnaller
the AUC, ‘the 325:. drug absorbed.

The ma amdar the mrxre may ha meastaxeé
mathematicafigg using a tedimque knmnm as the
Itrapezuidai 11:21-I2, and is repmrteci in ammmt of drug)
mlume oi‘ fiuisri X time (a.g,_, pgfmh Ex‘: hmrs;gf‘1i1{1
X hours; eta).

Anmrfling to the '§3T“3p£{3QivEia1K°!fl€, the arm be»
math a drug ::uncenmn:ion~time curve can be ezsti««
mated ihrmgh fhe: assumpfiun that the ADC can

 

 
 

 
-M3

Averageserumccrnnenlratiemimsgfm}
2 3 4 (3

Time amr dmg aciminisiraiéon {imam}

be mpraasentexi by a series of trapamizis {quadrilat-
erai piarzas having‘ two parailel and {war nmparab
lei sidm.-}.The mm: AU? wmald be fine sum (if the

areas af the indivkiuai traps2z:3icEs.'1’he area czf saaclh
napazuid is miculaied taking ’l!2{C;,H + Cmiftn mm
tad}; where (Sn and tr, are drag connemraiinns in
the Hand plasma, mi 32-mm, anti iizne, respecfiveiy.
The £13543 cf the brapemiezi is demcnstrated by the
data rezpmdused in Tahia 4.3 anti pin‘-Red inm a
plasma dmg ccnrantxation-tizne szuwe as shmvn in
Figure 4010,

The Ecactim {F1 (mt bioavaiiability} af an orally
aziminisiered dmg may be ualcuiatad by mmpari-«
sun oi the NFC after oral administratitm with that
abtainad afte: intxrawsantznzs atiministraticsnz

F :3 £AUC}a:a3’q:AUc)i:mmwnmm

In pracsice, it wemld be me far a zirug to he c:::m«
pieteky absarbeci into the circulation fminwing ma}
admirxistraticm. As mmd Esaflieig. many; drugs an-«
sifizrgn the fixst~;2»as5 effaemt raaruitfing in same degrea
mf metabolic degrafiaiinn befme entering the gen»
erai ozrirctulatitm. In axidiiimn, Eacmrs -sf chug ;:zr<3<;i~»
act Eonnulatiam cimg riisscfixxtimr, ehazmcai amt?
physical i1‘:tEI&Cfti{}I‘15 with the gastmintestinal cm-
tems, gm: emptying time, imestirxai mzrtiiityp ami
athram czmtzzibutaz In the inmmplete abmrpfian 95
an admirxisiawed adage vi a drug. ‘The (11731 diasage
strengfim c:£ man}; mmmarical ;:m::im':ts.: are baaed
an cansiderafions zzef the prmpnrfiun nf she time agi-

fzhat is: e:x:paa:%a::*. in be absnrbed and
availabie in its site if arrtim in arfler tr) pmdnce {he

Area

(04 5 hams}

I-—---I A:39.3%}-4% :1 hams

an--—=»~«o B~.=23.S5-n-39~:x; rzmrsmL

._.fi ,_ !‘.“.‘3§.
:3» M: 14.13 Imxhoura

3 12 ‘ 13

Fig. 4.? 5mm: mmmmfian» isms mr-as gzismi.-zgpmfc hsigizr mrrmrmzfimzs, pew’; height times, maxi masts rzzzcigxr rke -x‘.'1£F"&?££§ fir:
egml arm:-em1‘£ afcémgsfarms: £32382 dyfermzfizmrdaimnsfifiiming ml adminisfimim. ffiwrmy {sfChadaa £3}: Disrmm AR, The
LI§I}'m‘m C:31r:;3czr:3;.}
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Table ea. fleeeztrminarian of AUC Using the Ttapezaiéai Rule $0: the Fnliewirxg Flesma Umg
C2cmeen!:ret:Een~'E’ime flare‘

‘Szsmpsfe {:1} Tim? {hr} F?-zrmzcz Ceeeeemxéien fpgfeafi} s§£,.IC'!i,;,,__-, {p.g!mL ‘:1 hr)

1 «*3 rs 22$ 53) + 1}{e.e «« 0:; e 9.23
2. :15 1 e {1 -e~ 113:1 ~— £35) =3.t3e
3 3.33: 11 1»: (11 + 2333.5 « 1} $9.25
e 1.5 223 3 (23 + 333$: «« 1.53 e 14.50
5 2 3:: 5.»: (33 ~»« 213:3 - 2} ==- 2.5.5:)
ea 3 21 3 4121 + Wis: ~ 3) e lees
*3 e 1? 5% (1? + we — e} «x gem
3 -5. e as re + me w e} m 13:21::
9 3 4; 34¢; +2){1e~8’} =e.ue

19 1:3 1 K (2 + 112{1:'é - 1:3) es mi}
11 32 1 5; :7: + maize -« 12} -== mm
12 13 :1 me: a 223.00

fiepmtee with gzezmiseicm {mm Bede CI’. Ceneepte in Cifinieal flxannaceinggr. Essentials ef Eieeeaiiebfiitjr and Biase-
qxsivaleneefixe Upiahn Chmpan}; ‘£939.

deeireci eimg bleed lease} end}-at therapemic re~

spense. The alzeeiuze hioeveilsfirfiibt Eofiewting era}
closing is generally mmpexer}. re intravenous ::io3~
mg. 25.5 exempées, the mean era} abserptien mg“ 3
écee of verepernii {Galen} is; reperted :12: be §CI§£~;
eneiapzil Weemtec) 63%; diitiaeem iflazdizemfi eh-out
49%, and iieinopril. {zeetrilfi eheut 25%. Hawever.
these is large intemibjeci variability: we the ab
eerbed desee may very parienmmxaetient.

B-ioeqniemfenrre of Drug Frocimtts

Ex great fieei ef discussien and scientific imeszzi-»
gatien haeheen deemed recently tie the pmialem of
xietenzxinirzg the equivalence between drug yrs:-aim
ms en.‘ eempeiting manufacturers.

The reie emf. extent be whi<:h a drug in e deeege
fem Ztsecemee eweiiekzle fer Ezieiegie ebsezptien or
Lxfilimtion eiepemis in great measure upen the ma-»
terials utilizeci in the iormuietien emi aise en the

meihcxi of mamufarsiurefihusg the same cimgwhen
iermeiaeed isxcigferezzf ciesage icra.-ms may be éeuné
to pxzeeeee tiifferem biesexsailebility characteristics
and hence exhibit different flinieal effectiveness.

Furthen twee seez:§ingly“’ider1tiea?’ »::r"ec§ui*ee1e11t”
predates, of the same cimg, in eke same dosage
ekengzh anti in the same deeege {elm type, but 233;’-
feeirxg in Eemulafiee materiaia ere method czf man»
nfaemre, may vary widely in eiaevaiiabifify and
thus in ciinieez effectiveness.

Diese§ut::»:«n requirements fer eapsnles and tablets
are mciudee in the US? and are integrai
ta bieaeeiiebzlity. Exp-erienee has shewn that
where hiainequieaienee has been fmmci between

ten: supposedly equivalent pmduets. aiiseeiufiun

testmg can heip re define the precinct difiereneee.
Aflcertiing tn the USE sigrxiiicam Ixécnexveflabiiity anti
bieinequivelemze pmhleme maybe rewseaiexfi through
tiiseelufien testing and are generafiy the remit ef
me er mere 23E fine feflewing eeazeel Eeciem
the drugs particle size; excessive exnaents ef fine
iubelcemz rrxagnesium steamte in the Extmnnlatiers:
mefing materials. esgaeciellgr ehefiec; emf inadequate
ameunte ea‘ table: or eepezfle ciieintegente.

The feliewing terms are used by the Fermi and
Drug Adminisfireti-;§n {:3 define the type Of ie*ee§ elf
"equivalency" eehveen drug preducts £5}.

Pimnmcezgfieel egmfieeferxis are drug gzzneiuete that
ecmtein Eeienticei emanate ef the identical active

15») C3

M Q

Pia:-zmaEitmgCuncerrtrafiennpagimi E5

Boe.seeaaw2:a1e':e
Timememsr

fig. 4.10 Feiizrssziien aferee emier fixes efnxg (:3:-ecerzimféczrze
aims name using Etna irepemidai 12:22 {see Tube: ea jg»? rem
a§z2!£§. ffieprinsexi wit?! perrniasien fmm Lfeeie CT. fiencepfe in
£.'.II:"rzf-:::22 P.5:er:11ece?eg§. Eeeeatéeis c:f3:'c3e:>:tiIahiEf£y and Bieee
;;u:£::a:fe1iee.2‘3:e Ilpjehvz {‘;ew:;:azm;, 3533?}.
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drug jngnzciiann i.va., the same gait my ester csf the
«same thmpeufic maiety, in identieai xiczsage firgrmasg
but mi: necesaarfly aznntaining the same ircacflve in»
greciienm anti that meet the iciemical mmpmdial
+2»: enfher applicable standard at“ iciemity, strength,
quafitg. anti purity, in-:Euc:§ir:g potency ami, where
appficable; atmtent disintwiian times,
amifor éissaiuiimn rates.

Phamcecanfictzi zzltemzztzmzs are drug pmszimrts that
«rmtain ihe iciemriaal thexapautic mcziety. gritspre-
cursor, hm not necessarily in the game amrmni arr
dmzage farm or as ma same salt or eaten Each 5-nth
fimg product indivitiualiy meets eixhar lime idemi~
ca} :1: its mm respective comgsenaiial at mixer 43;»
plicable. standard GE ideniiity. suengih, quality, and
pufity, including pctexxcyr and, where appiirraisle,
mnlient unifozmity, disintesgation times, zmcifar rim-
mluticn rates.

Efmgzsimfm sfrug prwimrm are phamzaceutical
ecymlvaientss tar geharmaczemieai aitarmtiv-23 whcxse
rate aria wantof absorpfinn dc: nan: show a si§xifi—~
nan: difference when administered at the same

mafia: cicsse mf the therapeutic moiety nnmar aimfiar
eawparimentai aonditinns, either single flame 1:32“ mul.»
aipla dame. Same: pharmaceutical ecguivalants er
phannaceutfical altemafimzs may 1:»: egmvalant in
the extent at‘ their absarptissn but am: in their
rate 13$ abmrpzion, and yet may be xtansideyegi Irsioe-«
qmwralent because such ciiiferemiaa in the rare rzzf
ahscrrpzcion am intentional ami age reflec-med in 111%
tabeiing, are not essentiai to the artairzmem cafeffem
rive bmiy timg tznncentratiom cm tthmnic use, or
are considered meclically iresigrxificant Em the pa»
aicxziar clmg pmciamt sméied.

In acidirion, the term tfiiércrpsuric azgtsimfemzs has
been used 1-:3 imiizataa pharmaamzfical equivalents
whim, when adrninéstexed to the same inziividnalg

m the sama dosage regimens, wili pmxriévz es$en—
tialiy the gagme therapeutic efied.

Iliffezfences in iritravaiiabiiity have been damam
snared far a number of pmdmtts invoiving the fai-
lowing anti nfher drug: tetra-.:jz=::IinE, chimfampherti -
mi, c}ig::z><;ir:,. phanyihutazanes, watiafin, riiamepam,
ievaziagim and stsqrteiracgrciine. Nat an}? haa him
irreqnivalance been shccwn tn mist in pruducts of
riiffmraant manufa:-:I:ure1*5 Em: time have aim bean

vaziatims in the biaaxvaflahiiiggr ref different batches
afdrtigprnriucfs fimm the saine m,anufat:tzararfi:§Ii«
man; in the binavaiiabiliry sf aertain dmg pmducta
have t“£35t1H‘&I§ in same thzzrapenlic failures in pa-
tients; wit-::: have taken two iznaquivalent rimg prmi~
acts in the mzsmr: ttsf rhei: therapy.

The mast mmmsm expeiimexztal pian ta: =cr;cm~

gaze the bicsavailabfiity szf hm rirug pméucks is the

simple crafiazésr zéesigzz smég. In this methud, each

91‘ the 12 to 24 indivigaiuais in the gmnp mf ratefizfiy
matched mbjecm {usualiy heajtm aclult nxaleg he-
meen 13 and 413 years cf age nf similar height am}
werigm} is mfinfizfistereé bath pmzinrcts mxzier flash
Eng zzmnditicms and eseemially serves as his crwra
ca;:entr:11."i‘»:> maid bias of the test remzlts, each team:

subject $3 ranciamiy assig-nexi rme rzrf the ham pmd»
ucts Em the 815% phase ef the smziy: {Elma the first
assigned pmdamis acinnirfiséexed, aampies ofbh:-0:1
€11’ plasma are iirawn from {ha subjefis at pm<:tetcr~
minaci times and analyzeti fax: the active cimg mm»
city and 11:9 membcfiites as a farm-ion of iif:n&.’The
same: pmcecitire is than regvaateci (crmswsrfi wiich
the second pmduct after an ag;-pmpriate Entema} sf
time, i.a., a waséhmn: period to ensure that there: is
an rasiciual ammmt of szimg Emm the Eir.s-ztadm.i11is.«
{carer} product that wnnld arfifirialiy irxflate the fast
results of the semnd administered prmiuci-.. Afts.=zr~
ward; the patient pcipnztatimn eziata are tabmiaterzi
anti the g.-arametera used ta: assess and mmpzxwe
1::icsavai1abiliry,ix2., Cm”, Tm, AUG, are then anew
Iyzeé wfish siatisfical pmmdmas. 3tai:isticaI differ»
ences in bit;-axraiiabiiity pararnetars may £1211: ahvays
baa ciixficaliy sigzificant ‘m tlmrapeutic mztmme.

Inherent diffemnoes in 5;-.::Iivi»:iua}s result in d§£far~

em pattazrns czf drug absorpfium metabmiism ami
vaxcre¥:is:en*1These diifererrms must be statistimliy am
algmeci 1:; separate them from five faemrs of bixzavail»
ahimy mlatgd :0 the products: thavmmekves. The vaim
in me mwsmerwéwaigned rsxperimmt is 9:113: each
individual serves as his awn central by taking earh
af the producmffixua inherent mfferences as mam
ticmed batwszetn inéivixiuals is nxizmnized.

Absafstts bicaequivalency ‘aemeen rimg products
rarsziy, if 91:81; scam. Such abmiute aqxziavalency
wmjld yixeisi mmm mn2:en%ratinn~time I;’€.t;€$?i3S far

rim pmciucts immiveci that wmuld be erzactiy super-
i:np{1sab1e.”I*E:is simply is net: expected mf products
which are mafia at different times, in vziiféarem

batches. er Enciesci byéiffemni manufacturers. I~Ima:«
was, some Exp-e:;'i;iiim15 af biuequivalencj; are E3?
packed af prnciuxxts whidn are cansitlered :22: be m’
equivaiemt merit fa: tharapy.

fr: mast simiies of binavaiiability, the xztxiginalljg
marketed pmduct {lfimquantly refmrenti to as ii‘-e
“*’~pmin3;§rpe:,""pioneer,”~m*“innuvatnr"drug precinct}
is mmgrxixed as the estahiish-mi pmdact crf HIE drug
and is niriiizexi as the stamiaxzi far the }:<i::»a».eaiiai:2:i1—

fig; comparatim sméies.
As a result of the impiememalinn :1? the "mug

Pxice Compefitiszzn and Patent Tam: Resmzafinn Act
mi’ 193%,. manyadditismal drugs becama available in
generic fmm. ?::ix:vr to the ‘£984 as; only ‘those: rimgs

|nnoPharma Exhibit 10910022



Basage Perm: Dfifgzrx: B cxzmi Phae2m:zcaki:2efit Qansiéamimm 113

mggkétefi befare 1338?. could be prmcesszexi by an
Abbreviated New {hug Apphcatian £3’-.NDA;1.TTLe
A}~.,1}3fi: process rinses rm: mquize‘ the spmsor in my

peat easily din}-:3} msaarch an active irtgrefiienrs
aireariy fauna in be saée and effective. The IQB4 Amt
extended the eligibiiity R3: ANIE processing in

drugs first marketeri aftar 1952, making generic
verzimxs émmadiateiy passilzxie 5:: many acidfficanal

aff-patent drugs previously available mxly as braafi
name {;;>i£3n:*.?Er)p1‘£>ciu4:ts.

Axgcczxiing to the P1,)?» a genmix: drug is mnr»i::1-
exec? bi-mzqtzivalertt ifihe rate and Extent cf a}:ts+arp-
rian rim mat shew a Significant diffareme fmm that
mfthe pirm-ear gimg when aairninistesed at ihe same
mcslar dime iii the therapeutic ingredient umier the
‘game eacgerimmtal mnditifins (593. Bmtause, in the
case of ‘:3 5}-atmxicailgr abscsrbed drug. blond levels
mm if {mm an iéienticral pmduift may vary in riff»
Eeramt snbjacts, in bioequivalanse smxfia-:5 each sub»

ject receives bath the pioneer and the test: dmg am}
thus serves as his awn tantra}.

Under the 398% am, kc: gain FDA appsmrai a

genrzxic drug pmdmttt must:

It Cantain ma same acfiw: mgzsdiants as the pics-
near dmg {inert ingrediants may vary}

* fie iéenficai in airrengfix, dnsage farm, and mum
v::f’ae:iministrati¢2n

«- Have the same indicafiarm and precamriczna fa:
use and miherlabelizzg msmmons

4 Ba binequivaismt
* Meet the same ’£:%atch~m«bats;,h requirements fa:

idenfii}; smmgkh, pasty. am’ rgazaiiiy
4 Be mamnfacmred under the sash: strict standards

-:25 Fitifizs Current i33»::»::c3 Manufanmng Fractisze
regulations as required for pianeer pmdurzts

In the siwigtn and evaiuation of bioequivaie-nee. the
FDA emplnys the "$8823 mie.” This mg mquires
that a stuciy be large emugh tr: prm-we an 33%
pmbabfijty tn detect a 2£Z8‘?rz’: ciifferemre in average
ézitxavaflabflity. Th»? ailtvwance af a statistical ami-
abiiity at $2{3$*3 in biaequmlence applies as hath
refmnuiateci pioneer mugs ami gsenarirss. I2‘ 3 pin»
near manufacturer refonnulateg an FXDA-appmved
pmcimrt, the subsaquenf fonnuiatiann must meet
the seams?! iziaequivalenzry standards that are E13"-'
quimd sf gnanerie manufaemrexs af zhar product
(LB, the appmved Erimvailabiiity standard far that
pmrimtt).

The I»’DA reccrmmerztis ganefic subsfitzxtinn cmly
amrmg pmducts that it has ssvsaluataé is be thrsrm
Fmificaliy equivalent. Sime IEEQ, the Agency has
Weparad an annual Agsprrmed Ifimg Pmciagcss wérh

Tfimnpeufiic E;;gt:itv.:z?er1:a Emfzmfimm {krmwn as the
“Grange Bo::1<”)*whi1:his yubiishesi in the USPQQE,
Vniuxrae ,EI1"’Appms.=e:i DmgPr::;sducts and Legal RE-
::{ui:emems_"‘"l‘hj5 publitaiinn is regulaxiy npdeztrzci
and centmns infmnatimn rm abrmt 1fl,i3fli3 apprrrved
prescziption drug pmdncts. Abmt ?.5C!?J if these
are zwailabie {mm mezrre than a fingie manufacmrerg
with anlyabnut 353% cmsiriereri therapeutically far
eqtsfivalent in the pf-smear products. Far emmple,
the FESA rates AH mnjugatad estrczgens and astezi»
fled estmgan goéucts as""n.:;«t tfzerapeufiaallyaquiv»
alentf’ because nzz manufacture: to data has sub

mitted an avrceptable in vivc: biaequi-valence amdy.
Thezaécme, the FDA rinses not remmmend that these

prmimzts be substimted Eur each other
The variables that can mmribnte tn the di£§er~

ences betxvaen pxafiuchs are many ("Fable 13$)‘ Pm:
instance in the Izianufactxzres of a tablet, difie.-rent

Tabla: 13.11. Same: Facmra which (inn Influence the

Efiomsailabiliry sf flrasily Administezed Ifimgs

Hm-g Substance Phyrsfncimmicaf fivperfim;
Partitle Size

Crystafiina or Amurphmm Ftzrtm
Salt Enzm

Eiyxizafinn
Lipicifwaiezr Soiubifiity
98 and 931.

Pfiammoefltis I:1gJ’&‘£5i1‘§!Kl‘£ .m=:§ Engage firm: Cimmsmqktits
Phazmactemirr Ittgrediem.-s

Fillers
Binders

Cnatings
Disintagcalting Agents
Lubricants

fiuspenfimgeigants
Evnrfntia Activthgtrnks
Fizmming Agents
Co£:rn;ngAgerz1:s
ifissemamm Agent:-:
Stabfiizingexgmts

flisintegxafim 32111.3 (Tablet?)
Eiissslntimn ‘mm of 33mg 1:: Emagé Farm
Fmdmt Age amcfi fifarage Canaitizsns

Péxysioiogie Fmnrs and Pktéimt Cmmsmfizfim
{East-tit: Empiyingmne
§me2xtina1Transi:’iirne

tfiastraénmstinnt Abnumality arr Fathoiagic Cnnciiriczn
Gastric Ccsnfanks

firm: dmy
Peed
Fluivzis

Gastcnintestiml 9&1
flmg Metabalism {Sun 311:? azinring Em: passiage

zhmugh River}.
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-:22‘: Damage firm Biagsixsxrsrmcxztzisrr mat? Phnmamicinaiic ihaséfiemiisns

mmeriais 11*?’ amnugms sf such fnzmmafive <‘.‘£3r:1pr}-
rs-ants: as fiilers, difiintegramtg asg-ems, h£n:§er3,1:.1-

bricants, noimanm. Pazmrams semi ccaatings may be
1.:s$es:3f°i"h& paxticle raise «mo: crystalline farm 1:? a thew
arprmfirs -at pharmacemrir: mm?-omrnt may waxy im-
twieen farmmatimm. The mblczt may vary‘ in sham.
ziza; anti harfinesa demanding upnn fh-Es’: punchea
anti dim gelectegi is»: use by the mazmfaciaxrzx anti

me mmpre.-sim fczmea utiiiaed in the grmess. [3u:~
mg pacicaging, shipping ma am-raga the ixategitgr mi
‘rm iableta may he aiteresi by physical irnpaci, «:1:
thanges in mnditirzms sf fiumiaity, fiemperamra, as
thmngh intaraflimna wit}: the mmpments uni the
siiintfifinflt. Each of the factssxs mted may have an ef~
Enact on the rates sf tablet ciisimzegraiiam, simg rim
aealukirzvn, amfi cnnfieqnantiy an ma rate and exfemfg

{Ff drug abmxpiixzsrz. mthrmglu the ‘.1i£3fi.*q3.§éfi‘:I:§fi£“§e‘
pmhiems are perhagz-5 greater arnfing rabiets than

ft}: mm sixzvsagze fmma because czf the muliipiicipg
of vaziablaes, me saame types mi pmiaiems exist Em:
the athar cizacsage Emma am musi be xznnzaiaiared in
hiceqpivalency mzalusxtiossa.

Therza are simairimw in width even therapeutic:-1Il§%
equiwaaism may may mt: he equally smitable {m a

gxarfictaiaz patient. Fm: eaiampie, 3 patiem may be kg.“
pamensitfim its an Emxt inggceéiem in me pmnhxt
(mama name or generic} that amthar pmerlzztzzt czimea
mm mntain. C}: a pagiiwsnt may bemme mnfusesi mr
upaet if dispan.-zed an altarmie grcrducrt that differs in
mkn; flm:-::,. shape: at packaging {mm than 21;: which
he +2: she has became acszrsmmad. Smmhang ba-
mresen pmdzmts can genarasse cmmm; and thug
pharcnacists new in: be pmcient in bath initizsi pr::.:<:i—~
um: éaieciisan and in pmfiuct intsrchange.

Ronhza anrf Bmg Adminislxatizm

Qmg maybe azinxinistereé by amraxie-13: af ciasage
farms and maxim of afimmkuafion, as praaanred in
‘Ifabks «L5 ma am. 123:1: am‘ the fzmxéamenm r.*.s::n§i&«

exaticxnsz in cizzzsaga farm design ii-2 whezhat the zirug
is: intended far Ema} B1.‘ systemic eifiecrs. {am} etiects

are aniriexred {mm direct appiicaazism of the zirug is
the deaired zaite Inf actiang Skit}! 31-1 the eye,‘ rinse; ctr
skim. Syséermir: effects rasuit {mm the zemrrantr-:: crf flu:

cinzg firm the circulamxy ajgstem am? its subsequent
2-r,-anapaxt in the cellular £2112 (sf its animm m~:.:~ gym
Iemic ezifetfa, a drug may be plmaci :iim<:1:§}- mm the
bimd mean‘: via irztxaasenraus mgerstimx $.11’ aisssarbad
mm the wnmm etirmfiatian iiirllimsing nrai, at arr-rim‘
mates af atirrtizfiauatian.

an individual xinzg substance may he fmrmniatezi
mm mulzipie deasagxe ftmns which resuit £11 aiiffererar

dmg ahsxzrpzi.-am rates ansi iimes mi unset, gpreak, anti
tiuratim sf acticxxt 33 fimmnsmateé by $913132

Table $3. Karma: 12:? Eng adminislmfinn 

 ‘isms SE33

{Era}. hxisznth

Pezrmezil (pus: 138*} tfirasfmrrztessstinal 5:raI:t’x-*i;a
mimth

Sublingmai Kfindar me imgne
Pmamr-:31 am»: than em.-

gi’£Stl"E'3i£‘kEfi'.€£I’I3“»§.{ frat:
{$33 in;-eating}

intravengus %!g:‘:;n

Intraasxnsrml Artery
Inmmréfiar Heart

irciraapiraak m Spinemtrafhestal
lntransaeuus Bane
Intgaartiamiar I-.2;m

lntraxgmanial }m’m~E:u:fi area
irztmcumaenus Ema

Iii!’ Entraagrmal
Sn}:-zusagmaus Beneath the akin
Intrmnusmim‘ Muscle

Epictntanemfi {magical} Sakin szxzfatsa
fimmamm Skin aurfacec

Cazgxmmval Cunfsmtztiva
Enirammxiar Eye
Irasmnazsai New
Aura? Ear

Lt‘+?.r.2£re=:%3pi;rsmxg.* Lung
R-etrmi Kecmm

Vagina? Vagina 

“Ike ahsmsnriativn *pn"*is mmmrmigs xzseé cm ;3rami;m--
tirtnzs to imlicaae E-:3 imswaiiawexfi.

$.11 2mriTah1e -13. far was irlmg mtmgiyxrerin in war-
ims dosage fxnrrns. The embiinguai, int:-srssenms,
and buccezl {arms presrémt ezitrerrxeiiy ragzici fingers af
artisan wimaag {ha mal fiswaileswadfi, mpical ::1ir:E~
mm’: ami Lnpmzal xiisc gzzsasesat xlzywer L3tL“:2-1?.‘I.‘:£ xzsf ac»
tixm mi gtwrater zimaiimrns emf ae:;1it3n,""f}me pm»
"arid:-2:. the imzgest dmatfmn inf aricimn, :13: ran 2!; hcmm
Eiflmwing agzpiicaficinm 935 a singfé patch m the skin;
The tmnsdrsmxai nitmgiycerin siiam afimm a angle
flail}; flange, 1-eshsraas the xirthm‘ f{31‘I'.!“E5 require mx,33ti~
pie firming in maintain drag {mix within the titer-
apentir: winfiaw

The difference in drug absarpzicm bemeen dsznage
Emma is a furactitxn czfthe éannulatéan anti the mm

9% asinzisximatifin. Fm exxampte, a pmbiem m:::~c&~

ami with the aural a fian mi a émg is that
ante aiasxfirbezi thmugh the lumen :31’ the gast.:m‘n~
ire-stinai tram inks.) the 99:22:? win, the {img may pass
aiirecify to the mar ami uxxxiexgsa thu:_;Er::i—;mss effw.
in asaence a partian mt ail of the drug may be me«
tabfilizeci by 1125 Em-x. Cmnsequenxigi a3 the mg is
extzacted by the lives, its hiaavafiahiiity to tha bmiy
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Table 4.6. Do.-mg; Fmmiillmg Salivary Sryslaam
Applicatixan Karma :32‘ Adminiagzafipn Eximary
Engage Fnmzs

2395:1313 §-‘mm msigm Bispkmmaceuiic maxi Pfisxnmcefcirzeéig Corrsisiarczii-ms 121

cm}

Subling-gal

Paxenrarzfl

Egammneaass
ixans-fiermal

Ca-njancfival

Intrammlazi
inttraamral

Imrazmsafi

Intrarespiramry
Rectal

Vaginal

limthrai

“makers

Capsules
Smlufiens

Symps
E3ix'ir5

Suspenstuns
Magnxas
(Eels
Phwéers
'I.‘aEfiats

“fimhes at Iaamges
Scviuziorxs

Stzspensinm
Gintma:-ms
Creams

infazsiczn gmmps
Pastas
Piamars
Fckwrricam
Aersrssaisis
Lmficms

'.Ikan$cEnm1al patrhea discs,»
azziuticsne

Cantarst Iens irsserzs
Ointments
Bnlnfimns

Suspenainm
Boiutinns

Sprays
Inhalanis
E3-intmems
255595035
Salntians
Ginrments

Supposttmrias
fitilutians
Qimmmm
Emulfinn fxzarns
Geis
Tahigta

Inaests, supgmsimriea, spcmgeSointiom

Suppesitoriace

is fi:ec:I'e3asee:i.Thz.1s_. the bioav-siiable Eracsizfam -in dew

Eeltznineri by the Practirzzn uf cirug that is abmrhad
Emm the gstraintestinal tract and the fiasrfim that
escapes membofism dming £122 first pass through
the Iiver. The biaavaflahia Eamon {f} is the pram?
amt mf these ma fractinns as fszailznws:

fw Rcazztirzm of drug absmtbed X Fraction
eavzapirxg first-pass mefahalmm

The himavailahéiiiy is iszwzest. then, for thrssa fimg:-1
that unciergm 3 sigrdfi-cant iimi»-pass ea-.£f«em:. Far iizem
mg, a hepatic extraclrimx mfim, or {he fi:a2::ti»:;m czf
drug mntahcsliaad, E, is nalculateai. The Eracxion cf
drug that entem the system trirctlladirm and is t.2lE3;i~
mateiy avafiiahia to exert its efifeaxtk than is equal in the
quantity {'1~E‘).”Ea§1e -$8 15313 meme drugs am;-rciing in
their pharznamiagic class that undergn a significani:
fimt-«pass efieset when acixninisiereti by the carat mute.

‘Eb mmpensata for this marked» eff-e»::t. the drug
maxmfactxmzr may rrcmsicier tether mates of drug ad -
Lministzakiczn, e.g., i11§1'3'$’BX1F;!l2S,i’{1§I2t1‘1‘tL1§§f:iJ3i}£} -3t;:bLin~
gual, that await: the: fixslrpass effect with these mates
there wifl be 3 mzmspizxnding dexxeassa in the dosage
required when ctzmpareé with mrai azizrsiniszxratinn.

Another mnsideratian camera around the meta-

hflfitafi thfisnselvas, ans} whether they am phannw
miogicaliy active ear inactive. If they are irmcfive,
a iaxger carat dam will be remixed to attain the
ciesired therapeafit effect when campamd to a
lcmrer dcrsage in a nanfirsbpass effect mute. The
classic example of émg that exhibits this effect is
propzanr.:»h31.IE, cm the nthar hand, the metabmlites
am the active species. the ma} dosage must be cara-
fufiy tailored m the desired Irhsrapeuric Effect Firs?»
pass metaah-t3}1‘sm,En this case wfii result in a quicker
therapeutic respsnse than that aitmeved 52}; a .mm-
firs:-pass eftmzt rams‘-.~.

Sut:uii:sguaIR
that/\

Qmiment/-\
Elia: KT-Vflx

K 2:! hrs.M2 :24!
Irstravanams.

‘mafia: disxmamcf

Buctzai
=\......L_N..t........«:_.......a..._...L__...:
131231555

Hnurs

“Fig. sill Bimsd-fave? mmeg ofn§h1:»gi’ya'm’n fizilzzcmirzg aka?“
mmiamfim :1; image farms 5;: manna rcr.s£££$. (fieprirrtasi
with perméasim fmn Abmms }. Mitmglymn semi fixzrsgvach
Swag Mimws Er: §..‘Fm‘¢:221 Fnzsrfcé. The fimerfzrfirr fcmrmf cg‘
Meéiezérzs, Precssdiags afa Sytmgmsism: Firs: bimifiz American
ilxmferefz-fie’ fifiblfiragiycefifi ”1'3Ir3‘r:%}?5;. fmze 2?, 13553.
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122 Dsmg: Pm: §Za§£gn: Bfiaphamaaeafin ma! Fhannncakiraeflc Cxmaifierrziiorm

Table :13. Ebosaga amt} Ktimztixzs 13$ Piitrnglycnrin in ‘V.-minus Engage Farms

Mfzés-qgéggzmin, M333} £33153: Qfzmim Peak-iction 2}.:r:.z£z’::m
Ikasaga Farm 9:335 frag} {Minutes} €Mi:mEw} fffirférzsfffzhxrsj

Suhlingasal i}.3»{3.53 2-5 11 «S 133m 33 minuies
53:28} I-3 2-5 {~19 33-332953 micxzstesd
Clraf 61.5-£915 iii}-*§5 415-12fl 24 hrmrsfl

Qimmerfic gm) ?»é~2 imzhsas 25-»S£¥ SB-128 3-«811:mrt:
{Discs 5-'.lC:t 36-69 iSU—-13E} Up an 2% 11:21:15

3 Eiferst persim sac: long as; tablet is intact
‘3 Zimrna short 1-mm timing siufiiefi Exam’: tieanxansisairici Effecia m B htsum.
Reprinted withpermissicm fmm AbramsJ . Nimzgigterm and Lang-Acting ixfitrates in filmiszai fF‘ractice..Am 3 Meé. 235:3»

readings cf 3 Synxpcrsium: First Nerm sfimerican Cnnfamnce sf Mimgiymin Therapjz. [me 2?. 3333. pr. 38.

(3:13 mum remember 3130 that the Ema; mi "biand

ihrczugh the iiver can he xiemeasefi under czezfiain
canditimns. Comequanflyg the Enimmraiigflziiityr mf
th-me drugs that maerge a firat-gags affect than
wcmlsi be tmpeciexi ft.» increase. Fm: example, -during
rzirrhcvsis the’b11::.-223:! flaw is the iarixiney is dramati»
Cally cieczraaszed and eflficient hepatic easztmcticxn by
enzymes respczcnsibia Em“ a dmg’s meiabuiism als-:1
falls ::s£{. Czmseqnemly, in cérrhniic patients aha
circasagez nf dmg that unciezgzzees an firstwpaas fifeizt
fmm era} arimimskratictrn ml} have tn be rezimted ti}

amid m>:i1:it}+.

filimfi Emits

Bragg are mast fmqnently talvzen by oral a::i:nin3s-
i:::ati0t1.Alt}1u:>ugl-1 a few szimgs taken tvraiiy are in-
imxzieci ‘or: be dissczlved wE%h5:n the mczuth. the aragf

majcsriky surf zimga taken mrafiy are swalicrwaxi. QE
these, mast are taken fur the syamm drug effects
$313? xeauii aftez aizwssxpfimn atom fine vaximzs surfanes
airang the ga:=.«*trz:1i:*e*:2::s3::ina1.t3*ze1c:f. A few d:mg3,. filth as
antacida; are swalirrweai in: Ithesix Imai ackim vziihin

the mnfmes afthe gaszrcvirxtestiraal tram.
Compared with alternate mates, the ma} mute is

mnszciered the mam namrai uncompiicated, new
wniant, and safe means 9% adrniniatering dmga
Disacivantages cf the Mal mute inciudc siow drug
response {whan mmparezci with paranterally afi-
ministereci dmgsls chantre nfirregular absmrptlora 0?
drugs, ciezpenciing upcsn such factcsrs as »::x:mstitu~
time} ma}:e~"mp,. the amount :22: mag of feed preaent
wizlrxin the gastromtaskinal mack; anti the »;lestn:c~
titan sf certain timgi by Eh:-1 acid raezzctfnn af fhra
attzxmach m by gastmimeatinal enzymes.

Bnasage Forms Applicable

Bragg are administered by the csral mate in a =.:a~
new of pharmaceutical farms. The mxnssf pmpuiar

are tablets, capsuiesa. smapansions, and varims
pharrnaceutical scclufimas. Briefly, éezisiges are aniici
:1-mags fmtns prepared by mmpressiom EL” meltrhng
anti mntain mficiirinai suimancas wit-h or without

suiiabie ciiluanifi, disintegmnis. vgaatingsg mlmams,
and mixer pharmaceutical adguncts. Diluents are.
fillers used in preparing tablets cf the 3:-rape: size
ami mnsistency. Tflisintegrants are usezi fits: the

Esreakmp 0: sepamfixan sf the ta‘nie:t':3 mmgmfissesd
ingscediaents. This ensarrea pmmpt expcrsmre sf drug
garticias to the ciismiutiz:-n prceaess fixezéby an»
hancing drug ahscarptmn, a5 slmwn in Figure 4.12.
Tabiet szoafings are of several types anti in: several

ciifferemi purpnsas. Same call:-:<i msenl: cmiirzgs
are empirrxyed m penni: safe passagfi mi a tame:
mmugh the acid anvirmmnem of the stomach where
certain drugs may be ciestmyect tn the mare s1:i*t~«
able juices ofthca intestines where tablet rciismlntmn
safely takera piazza. Ether matinga pmtect the drug
substanm Exam the xisstmcms influences of mc2is~

Table 31.3. Examyins nf Dmgs khatflmiexgn
Signifinarzt Livermflabelism and Exhibit
Law Kiaaevailabiiify when Administemé by
Firstapass Routes

flmg {Em Efmmpfm

Anaigmsics Aapirirt, meperidine,
pentazmine,
gzxmpuxgiizhme

Antiangirral ?s'£i1ra§gg::e1in
fimtimfiymmins Lidoczsine
Bei:a«adxenerg5.§: blmkm Laberatsiul, metmpzmkol,

’ pmpmnnlni
Calstium channeibiocknss ‘sfempamil
fiyrrzgathmnfimgric amines fsapmrereazai
"i}:is:_5.r<;i‘u: znfizziapmsganta Desiyzaminrz, ixnipramme,

nomiptyiine
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Essay: Em-ra £32523-re: fifnphmmaceufis mi Phammspkfissrfc Efansfaismfiom: 123

 
5"

caamunes ‘§.af2¢§—m..m.g.. sontrrttm
<3

0:;

nmggsegazlnn g /
r-ma mmcuss .j.'~‘,~‘.3‘~I-.>-1

 

Fig. ::.:L’«‘: mmsms rimming szzxmsfag fiisiniegmaim af n
rabfez‘ dxtsctgasfiznn mid dirm‘ .2m:‘£aE:.??§:*y nfflie mntenis its :2
zrssgasaie évmgsfnmfixr efzk.-zgfucian Lrmi drzng abssvrprém after
max; minxérzistmtimz. £’R:2;.=ris:%eai with gsmnfissim fmvx Ran»
farm’ M, R336?‘ I'M. Cfirziccsl Fhamacakir:-sinks. zmi Elzi.
Ffiifadcqsshéa: Lax t§P:Erigm~; 3§&§,L

mm xzgm, Elftii air thmughcm their perk:-ti of stem
age tn“ to mmzeal a. baa mr bitter tame {mm the taste:
buds of a patient. Cnmmercial tabiets. because sf
their distinctive shapes, qmlurs, and frequemljr em-

playaci mezzmzgrams Qf mmpany symbcels anti code
nnmbem facifitats identification by pars-ans trained
in their use and serve as an added pratecmn tn

puhii::‘.m2a2th.
tlagésszies are soliai cicmagez Emma in which the

rirug subsmnce and appropriate pharmaceutical
aeijnnttts as fiféers are sen-ciizsaci in ezither 3 hard at“
a soft “sheik” grrnxzrally mmgrmseri mi 3 form :15
gelatin. Capmies ‘$S‘&1‘f,F in size, depending an the
amnmmt at’ drug has be afirmnisfarsfl, anti are csf £313-
tinmve shapes and mm when pmduced mm~
merciaiiy. ‘Qmg maseriaia are reieased Erma capr
sales faster than fmm iabiets. Capmlasr of gelatin, 3
prmtein, are rapidly diafigmued within the gastrzzim
testinal tract, pennitting the game: juices m pszfi
meats: anti reach the cantanfié. Because *-xmsaaleti

xeapsmies have been mbiect 1:9 tampering by Lin»
scmpufnus inciimritiuala, many riapsuias nowarhgzs
are sealed by fufiicm of the ma capsule shells. Mac,
sapsuiafihapad anti cmateciiiabieta, :a1lec!"::apIet§,"‘
are? increasingly utilized. These are easily mai-
luwed but their mmems are: sealed and prateetmi
fmm tampering like tabbets.

Szssggensixras are prapazatians sf fimeiy ziiiritied
fimgs ‘maid in guspemicsn thrnzighnm a suitable 1?ve«
hide. Suspensrims taken maiiy ganszraiiy emplcsgr
an aqueous xrehitieg whemas ithmse Emplqyed far.
rethesr purpaszea may utihza a differgn’rvehiv:1e. Sus-

prsxasicsns xrsf t-main drugs ta be useri for intramus-
mlazr fuzgerction, fnzs'in3tan~::e,. may be maintainexzi in
a suitable ml Tn: he suspmtieci, the drug partiszleg
must be insuluhia in the vuzhicie in which they are

plaaeszi. Nearly all suspensions must be shaken how
fate use because they fené fa aef:tI:=:.'I‘his ensures not
arxljg unifnrmity cf the pxsparairlm bus: mare imp»:3r—
tantly thea 0nof the gmpesz dzmsage. 51:3-
genmrgs are a wsefui mama ha atirninisbar large
amntmixé :2: snlicz‘ drugs that wmxki be immwe~
mentiy taken in tabiei or capsule form. "in addififim
saspensitms have, the advantage ave: 5:211:11 {image
forms in that me}; are presented :9 the bad? in Fine
parristla size, ready far the xiisseiuiiean princess £111-
mexiiately upon atiministra rim. Hawever, mt all
mai suspensicms are intended to be disaznivsa-d anal
abacarbed by the haciy. For irmanrze, kasnlin mixzmsre
with peciin. an amixtliarrheal preparaiimn, mntains:
suagren-cied i<m1in;which a::%:sir1 the intesiinai tract
by adsczrbing ax-zesmne intestinal fluid can the large
snrface area of its particleg,

Drugs administered in aquenus saimffarz are 3%»
sarbed much meta rapidly khan thme aciminisiereai
in solid farssn, because the prim-cessaes nfdisainiegaiéon
anti dissazaiutiara 33: mt revquireti. Phannaaeuticai so-
Icztictns may differ in the type eef mlwnx emplrzvyeai
ami therszfc-re in their fluidity charamefistixts. Among
the 5a}mi+;~.-ms frequently administered nraily are
eéfxirg, which are ssalutimns in a swsetaneci hydrczalm
mhnlic vahicie and are mam mobile than water;

symzzra. which gazmxaiiy utilmae mm:-se snlutinns as
the sweet vehicle sesulting in a viscmas preparatian;
anti sa£:.:£.*‘ms themselves, which affixziafly are pn=:pa«
ratfczns in whihh the drug substance is dissnlved pity
sinminantlg in an aqueaua Whicie and as ms: fax
reascsns rat” their xnetlmri mi preparatimn {2.;g‘, irxjecw
Ems, which must be steriiikeil} Eafi into anmhas cat»

egozy sf phammceutical preparations.

Mzssmptian

Absarptizkn pf cimgs after ma] assirninixrratirztn
may avatar at the vasicrus bmiy sfiea between the
mrmfh and,1:ec.t1.1m. in general, the higher up a cimg
is absorbed along the length sf the alimemmjr tract,
the more ragsicl v-xiii be its acticn, a riesimble Esaamre
in mast invstences. BECKLEEE of the diffezarntree; in the

chemical and physical mlrme amrmg cimg mi»
stances, a gfixan drug may be better absczrbed fmm
she eimsironmem of me site rhan fmm anmher

within the aiimentéary track.
The oral semi}-' is used an caxtain atcasinns as Em-2

absmtptim sife crf nzszrfain dmggs. Physifialigg 113$: cosai
ahserpfimra of drags $1; managed by almwing the
drag subtstanre ts: be cfiasceived wirhirx the oral saw
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it}; with inifizquent cur rm swafiawing tznril this: taste
at? the drug has c3issipatr:c1.I‘nis pmcess is accr.:+m—
mxtniated, isy prmifiing the drug as extremeiy ssaiu»
bl: anti ragidky diasnivhxg unmareci tablets, Bags
capabie of being absmberi in the mcruth pmaenf:
ihexrusetvas in the abmrbing, surface in a much
mare crmnentrated Enml than when zzwallmsred,

Eince drugs magma prngrmsively mam dilutes?
with gastrainmastinal fiecreiinns anti mntrznts as
they pass akang; the afimenmgr track.

Cmenfiy the am! 0:“ sufifmgnal {beneath the
magma} aéxnkfistrafion nfdxugs is regularly nseti fer
GIX}? a few sirugs, with nitmglycaxin and certain
steroid sea: hcznmsnes baa-Eng the best mcmnpics. My
trcxgiggcerixa, a mrmary vasmiilabor uaeti in the pm-
phyiaaris anti meaismaem sf angina pecimis, is :a2vai1~
able in the farm of tiny tablets which are ailcrwed tn
dissoive under the tangxmprnclucing thssragzeufic e=§«
facts in a few minuz-as afha: acirninistratimfme tinge

of nitrogiycerin is 94:: gmalé {ugualiy aim pg; that if it
were awallmved the msulxing dilute gastmzixwtestinai
Lmncenflafim may not remit in mliaiéla am} s;::fEi~
giant drug ahsmptfmn, Even mere iznpmtant. haw-
maz is the fact fimtxfitrogfizcerin israpitily destlrcvysaci
by *.the EM: tiara:-ugh the firs:-pm:-:3 eject. Many sax
hmzmonag Rave been shmm to be ahaorbad materi-

aiiy baker Emm subfixngual adrrfimstratinn than
when swailowsxi. Although fihe suhlingual mm is
probably an efiactive absmrpfimn route for many
«rzther drugs, it has nm: been extemsiveiy mated, pri-
mafilgfitsrarause 06113: mates have pm»;-an satisfatmzy

and mate mmrenient fer: the patianr., Retaining drug
substances in the mtrumh is mamacfive became cf

the bitter taste ifmost drugs,
Efirmgs may be altered wmxin the gaflmintessfinai

tract r-:1 rendar mam has available for ahscsrptian.
This may result mm the :§mg"s: interacting with m
binciing tr: some rzcmml szxrzrcstituem of the gasp
tr-aintestinai vac: or a Ecsotismfif at even another

amg. Far instance, the aisesarptim. of the imam}:-
dine g;rr::~x:tp cf Aantihricstins is great}? interferecl with
125; the simnitanenus presence :3? calcizzzn. Because
cf thia, tei1a<:y:1ine mugs mug: not has? taken mm
milk or arms: calcium cnntaining fmds mt drugs.

"in same instance-5 if is the irztent of the pharma-
nzist ts: prepare a ficzvrmulatian that releases the drug
siewty KJVET an eyttenderi period emf time. Theta are
many metlmzis by wkich 31:31:? zeiaase is a::t:£:rm-

plishesi, mclnéing the campiaxatisn mf the dmg
with anmfher rnaterfial. the mmbinatinn nf wtfinh is

t;m3§.e slazvwly reieasad frmrz the damage farm. An new
ample £1-E this is :he sT:z£ar~rara,1ease waxy maaimt §>0ta5~
sium r:I11cs:i§etabIeis.Tt1ase are designer} in release

their mntmts g;ar.iuai}y as they are slammed through

the gastmintestinaé Insist. Eazzaufiet their crmimrcs
are leached ma: gxaziually there £5 less incridemee m’
gastrit irritation. The inteaimingiing of érmci amri
drug gamarafij; resulfs in &e.}a5:*eci gimg absarpfifln,
Since mast zimgs are absmheé mum Efiaatively
Bum tha méesnnes than mm the gtomach, when

mpizi absnrpfzmn is intendeci, at is generally desk-
ahie ‘m have me dxzug pass Exam the smmaéh am
the intestinea as rapidly as ;mssihlc.3..‘i‘hr.=::afcsre, gay
trim emptying iime £55 an unpmztant facts: in effect-
ing rimg acfian ciepancimt aspen intestinal abscrp»
tam Sastric: emptying time may fie increased by a
Hummer of Factcsrs, Excluding the grasemte mi Fatty
fmda (mare effam: than prmeins, which in mm

have mars effect ‘khan carbnhy=::iratas)¥ ijwing cm the
track when bedridden. {bring on the. Iigilii side fami-
itates passage in manyinstances}, and the presenrse
mi zimgfi {for example, mezzrphimfa that have 3 qui-
ating effect an the mmemenis emf the gas£mintmi~
ma} tract. If a mug is acixninimred in the form via
smlumn, it may he expectexi to pass inm the in»
tastings mare rapicily than timgs administered in
mild fr:-::1*:..3s.-2 a rule, iazge vmiumes act" water taken
wazifih zrxediaaiiun faciiitata gagtric emptying and
passage mm the intestines.

The ‘pH {sf the gastmintesiinal tract irmraasas
prngressiveiy amng in: length mm a pa of sham 1
in the strzmach ta appmximatelypfl 3 ask the far and
0.5 the intasiinnas. pH has a definite bearing an the
degree oiimiaafinn csf mask drugs, anti this «imam
affects; lipid solubility; memizram pesmeabiiity and
ah$:‘.cI“pti&.m Bficausra: mast drugs are absarbed by
passive ciiifixsinn thmugh the Iipoici hams; the
Eipidfwater ‘mastitis:-n mefficiexxt anti the pi; of the
drug; are aiprime impmtamze tn bath than ciagree
and site mi airasrzzpficgsn within the gasrmintestinai
tract. As a general rule, we-air. aeiris are largeiy
unicznized in the smmach amfi are aiamrbexi ikiziy
wafi fmm this site, whereas weak bases are highly
iamzefi in the smmach arxd are not: significantly 3%
sorbeé fmm the gastric: sutfaca. Aikaiirsizatitm cf
the gastric emrimnmant by artificial means (simul-
tamnus adminisrratisrm flf alkaline rm antamfd dmgg}
xmulxi be expected in ciecreage me gastric akxsxzrgz-~-»
rim‘: :21’: weak acids amci ta increase that nf weak

133533. Strnmg anitis and bases are generally pawl};
absarbed aim in their high aziegresea; csf inréizafian.

The Email intastine genres rm the majmr a!::smq;_:~
ticm pailaway fax: drugs because crf H3 suitahhe 1;-H
esmi 3531:: great surfarre area avaiiabie For drug :~.2h—
mrpticrm within {E apgrmiimate 2C1I~fm:~tIara,gth ax-
tsznding From the pylnmg at the heme :3? the 5'-mm»
8:11 in the gm-urtixz-n with the large imemtine at the
cemm. Thé pH of the ‘Emma sf the intasiine iii
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about 535 (see Fig. 4.3) and bath zeeekky acidic: end
eeeekiy basic: drugs are well eh$n’:»:3:ae::E Emm the
ggemal emfece, which behaves in the ienieetéun
and xiietcibeiien ef thugs between. it anti the gleszne
on the ethex eicie efthe membrane as theugh its 511“?
weee ebem 53.

Reetef Renee

Same fimgs are aeiministereri rectafiy for {heirlo-
ca} effeefe and ethee; fer their eysmmic efferztee
mm? gesen reetairy may be a(ilItini3tEE‘E£3 as seie»
Liana, euppeeitczriee, er eimmente. fizspgsesirmee are
defined as eelici 'beeiiee ef weerieue. weights anti

sheyee imtencieei fer intreeuetien énte a i::ec{}*erix°iee
iusuelifg rectal wages}, are urethral} where they
eeften, mek, er dissolve, release iheir meciieaeinm,

em? exert their drug effeete. These efieere eimpijz
may be the premetien ef laxetien {es with giyeezin

eugrpneirories), the seething of inflamed tissues
{es wi-eh venous eemmercial eeppeeiteriee used
re relieee {he ciieeernfert: ef hereorrheicis}, or the

grenmetien efeyetemie effects (as areinaueea or are
szimeiiszm eiekness).'£’he cempesilien of the supxpesi-
my ‘beee, er carrier efi the mezii-zatien, can greetiy
influenee the degree and rate ef -slmg release and
eheuihi be eeiecteei on em inclieidaxel basis fer each

dmg. ‘flue use ef remfl eimzmemz; is: generally lim-
ited to the ixeaiment ef local emditiees. Reetai ee-

lutiens are email}: employed as enemas er eIeane«
Eng eoletiene.

The rectum and the mien can absorb many solm
hie cirugs. Reetrei eeiminieémtien for eyeeemie eeiien
may be preferreci for these drugs destregreai or mae-
tixrazed by fine emrlzrenments ef the smmeeh and in-

tesfinee. The. eciminime-tier: ef cimge by the retreat
mute may afee be ineiieeted whee the era} route is
precmfied became ef vemieing or when the patien:
is uneenstxieus car incapable ef ewaflewing drugs
safely witheut eheieing. Aeereaémetely 50% ef a
dense ef drug ebeoreeti fiem rectal edministretfine is
likeiy te bypass the Even an impatient faster when
zzeneiiiering these arafiy eeiministezeci drugs that are

rapidly deetmyeszi in the liver by the firs:-pass efifeet.
Cm the negatixre fide, eempareti with ma} adrninis-

tretim, rectal axirezirzistraiierx e£ mug is inemeee
niem, and the absmptiez: of drugs fiem the rectum
is frequent}? irreguter and riifiiczztlt to preziict.

Parenteral Rants

The term pererererel is demreé fr-am the Greek

wattle emu, meaning beside, and entemm meegrzing
inteefine, which together indicate semerhing; done

mlfsicie ef the intestine and net £231 way ef the 221i ~
meekary trace :3. eh.-azg eciminietereei perenierelly is
one ingeeeeri threngh the Emilee: of e fine needle
mm fihe body at varieee eitee emi re verieee depths.
The ihree primary mates ef parenteral edm.inis’rra~
tier: are em;-cmeneeue, intramuscular {EM}. and ire

tcaxreneue {IV} altheegh there are mhere such as in-
trecamiiae and imraspinai.

Efrmge ciesrrcryed er ineeiiveteri in the geetrem
ireefinel tree? -:11‘ mm gzsermy eizsmrbed in provide sei-
isfaefery respense may he earentereily ed;:ninis-
tereci. The parenteral mete is else grefesrreeri when
tepid ebeorpfien is eeeemiai, as in emergency eim ~
etierne. Abempiiesn by the parenteral mute is net
C3111}? faster than after oral edministratien, but fine
bleed levels of rirug that result are fer mere pee-
dietahfie, because little is lest after subcutaneous er

intramuemla: injectien, and virteafiy name by im
traeeneue injeeticm; this aim general}? permits
the adrrministreeien ef smaller deees. The perentexal
mute of edneniehafien is espeeiaiiy useful in treat
ing patients who a:e uneeeeeresziee, unconscious,
er etherwiee unabie te accept 2::-‘rel medication.

One disadvantage efperemerel edmimieeetime ie
that enee the drug is irqeeteei, there ie me retreat.
‘That is.» enee the eubstenee is wifimin the -tissues er

is piaeesi ciireetljx inio the bitmd stream, rem-ma] ref
the drug warranted hy ae emewaeri er eeeie ef€ee1-
at an inedveafent everdese ie meet diffimlt. '35;
rather means DE efiefinietrafien, tixere fie mere time

‘eetween drug eciminieeatien and drug eheerpiiere
white beeemes a safety feeter by elle-wing fer the
extraetior: ef enahserbed time {as by the indeezrierz

of vemiting after an oralgy administered dmg).
Aim fieeeuee um‘. tE1e~sn‘ieI:>eteril§ty requirements ‘fer:
all ixfieetiene, they are mere expensive than ether
deeege farms amt} require ccxmpetem: treirsexi pen
seme} fer their preps: aciministratien.

Deeage fez-me Applicable

Phmmeeeeealiy; injeetable preparafiom: are
eseeliy either etexile sesperaeierte :3: seletzicms of a
drug substance in water er in a suitable vegetable
mil. Drugs in seiutiera are more rapidly than drugs
in suspension, with an aqueeue eefiieie premieing
fame: amen in each instance than em. eleegineue
*~éel*:5eie.fi5fi in tether irtitenees 95 drug alxearptiun, ex
dmg must he in eelunen to be aeserbed, and a see
gzeneieri émg meet first eeétrmit {:3 the diseelutien
preeeea. Aiexzs, hecause body fleirie are aqeemsf
thejz are mere receptive in drugs in an aquezms; ve»
hirzie than these in an efiy ene. ‘Ear these reaeene,
the rate :3? eireg ehsserptien ear: be earieti in par-
emerai pmiiursfs by seiectiee enmhixsefiene efdrug
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stats: amzi supparting vehiezie. Fa: instzamze, a s:.:s-
penmm om dmg in a vegetable crii Iikeigr 1:-soula be
much mm? slowly ahmrbaii {ham an aquenus 5-alu-
ijszm of Kim same cimg. S1-ms: absczqztion means pmw
imaged fimg amen, and when this is achieved
fimzrugh pharrrxacmtirzai :E‘£142E§1'§$, the res=.:it§ng;:::e§a-
mficzn igreferred :9 as adage: +23: mp-msitarry inieckian,
because it :'E§}[”ESE1‘l?.‘S ax Etcsrage maarvair cf the drug
suhstanqe within me body foam whi-::i‘2 it is slawhr
rammed mm the systemic dxmiatim In this re-
gard, man mam sustaizzeci mug atrium may be
achiewszci fltrfiugh the am: on? szxkzcutanecxus im_pI2m—
mint": 9:‘ compressed iaéziets. termed paiirzts that
am mnfy aiawiyfiiaanlvefi Emm that :-site :12‘ implan-
rafium releasing maciicatitm at a rathez mm-
Brant mice we: as pm:-xind gf severai weeks it: man}:
m«::»ntE1s,The repositexy type :31 injectinn is mainiy
limited to the subcusanecms :2: Erutxamscular mate.

it £3 obwimgs that dmgs infiacteciintravrzzzxusly drzzmzt
mczmmtar absszqztian harxizrfi and thus pmciuce
£31113; rapid cimg erffastts. Pmparaiiizms Ea: imrawmoua
iniecrticzn must mt interfem with the bisacsci mmpm
mamas at with rzirculafisxn anti t3‘1eI&f<:::::,, xarith fem:

exaegztiens, are aqueous solutions.

Subcutaneous Iniexztiarns

The suhmtanzams {ixgjgodarrnicj adxniniszzratiarrn
mi drug Em-szisrrss meir ingectimn thmugh the layars
cvf skin mm the 10133:‘: subcutanemm ti53ue. Saber

iameczus infections are prepared as aqueous wig»
rims :31’ as suspensirms and are adnxinistemd in real»
atixzeigr small ‘miumes af 2 mL err less. Insulin is an
ezxample mi a drug admsnistmad by the suhmta-—
news rcmte. -S‘:LLi::»::uI:a.r1-ecms infixz-xztions are gasnerally
given in the fmeann, uprpar arm; Elngh, £31 buitmks.
If the patient is m receive frequent injeczirzns, it is
best to aiterrasive injecsian sites 1:0 reduce tisme mi»
tatian After injectinm the drug seam firm: the im-
mediate vicinity mi 12:11;-and aapiilaries ami permeates
mam ‘my diffusion mt filt:*atir:m“Ihe aapmmy wali is

an example emf a membrane that behawis as: 3: E936
pore bmriar. with lipici-—so2z.1b3e suhstantes pens.»
rating the membrane at sates waging with their

cailfwater pariitisrsn cmffirrziants. Lipi~:i~in3:£ub3e {gem
erailymnre wa*cer-ss:sZui:'iu=2} cirugs pemetzaie the trap-»
filary membrane 3% ram which appear to be in-
versely related in their msalozmlar size, with smaller
maiemfusgs peneérating much maze rapicfiy than
Eaxgaar anazg. Ail fiuhsztaneess whether Iipici—soiu!:rie
<2: mm, mass the capinaxg membrane at rates that
am much mar-3 rapifi than the mas :21? iihefir mans-
fer amzass rzthex Indy membranes; The blame! sxagzw
pi}? :13 the me szzf injraciritzn is an innpaarfarst facts: in
nonsiriezing the rate of drug ahsmpfion, mnsew

quantly the-mace prmtimal capilkaries em: to the $1138
mfirajectian; the more pmmpt wilt be the eimg’s en»
tmmre mm the cirmiarinxm A350, the mm: capiiiarw
$25,, the mam gurhce araa Em: absorpticm, and the
faster the rate :21‘ absmrpiion. Same. substances have
the flagnahilaiy mf mcsriifying the rate of drug abesmrp-«
mm [mm a subcumneuua site if injectinrt. The mi
diticm of 2 xrasmmtricmr m the injecirlm afmnnulaw
Eim (err ifs prim’ injection) will genaraiiy diminish
the tats: af finzg ahssrptim by cazxsingccxrtsfrirtinrn
of the ttinszd xress-H15 in the area sf mgectirm and

khemhy miucirxg biased Elm»: and the capacitgr far
a§3sr.:sr1:!i‘is'mfI‘ix3s princigzle is rssgd in the admi1':i5-
iratian sf iacal anesthetics by empkjying the vast}
mnsixicmr apinaphdna. Cczmezmelgg, vasczdiiamrs
may be used ta: aenhance ssabcutanemns abmzpiinn
by increasing blmci fl-raw {:5 that area. i’h;r5ie:a1 ems»
C251: can £11323 infltience the abserpfinn of drug finm
an injecrirm site. Diabefic patietnts whn restate my
cutarzasezasa inftzciion sites anti than an plxyaimi :3;-:~
ercise, e.g., jogging, must "realize the :::n5z=:t :31‘ hr
sulin attiviiy nfight ha inflmznced by the selected
zariire mi aciminimaticcn. Became mi the mwement s:£

{hrs leg am? blmzni zzirmlazinn tn it during mmzing,
ithriit ahamrption {sf insulin Emm a thigh mimtxmn site
would he exgecfeéi are he faster than that from an
abdaminal ingectirzm site.

Iretmmnmxlar Injections

Intmmuimlar Ezxfeciinns are parmrmer} deep inn:
the sk-aietai mnscies, generally the gmgeai at 3am»
Rita: mnscia The site is selected where the flange:
sfhittinga name :2: bit:-mi vegsael is mim’m~aL Aqua»
ms :32: mieaginous minticsns :2: suspansinns may he
used inizmmusmfiarijs. {Lzrtain drugs, bextauaa of
their inherant }r3w saiubflitias, prrzwizic snstainea?
drug acticzn afteranmtnamusmzlar Er1je.c:i:3n.F~::rira-
stancee, ram: deep intzamufictflar injertian cxf a 5115--
pensimx of pxaniciilin G iaenzathine resuits in eifec»
rinse bioné Ievele nf the mug far seven {£3 ten days.

Ilrugs that are imitating ta subcutaneous fissua
are aften aéxnmisiarefi intramuscuiarly.Mm, greater
volumes (2 in 5 mt} may be axzlnwirfistareci ‘:‘.retramu3—
szruiaxly than sa.1bcL:Lanec::za;£3;.”§2Yhan a mzlmne geater
than 5 ma to be i:1jec:e<i,,ii::;s frequentiy admin.-
tered in divides? dams Lzsixxg twr: infatttian aim in-
jectimn sites are best mtata-ct when a patiemc is re-
ceiving repeated ingeclicrns ever a pesicnfi of time,

inhéavenous Enjectians

In the imzawznnus aairrtixfigtcafinn nf arugsé an
aquacms saiuiixtrn is. injected ciimcfiy inter the vein at
a rate cnmmemmrate with efiiciencgg safety, mm»
fart tn the patiemr, and me desitreci duratiezrn mf émg
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respense. flmg may be eaiimimetered Zmtravemmeiy
as a single, smell ~x»":::1ume injeetiem er ee e ierge mi»
nme, sigma intzaxreneue dzip infueigm {as is cermnen
fefiowing eurgeig-*}.Zr2tx“e~ae:1:::n.:3 inieefien elfztrwe the
ease-ed bl-eeci Ievel ex” drug re be acé-ziemrecl in an exp-
timai and quemieative manneaz lmraeeneue ingee»
time are ueuefly maée into fine veins ef ihe fez:-eerm
and are eepecialiy useful in emergency simetiarme
where iztmneiiate 11mg respeeee is desireri. it is
eseaenfiai fixer the (12113; he maimsairseci in sniufi-en
efiter irxjeciien and not be pretipitated within the
cixmflatag: system, an event teat might pmeiuee
emba:-EL Because of a fear ref fhe deveiepmem ef

pulrnrznery embefism, eleeginms basses ere net
usaafigr inhenrerxeueigr edminieferede Hmarexsen en
imzzemreneus fat emnision is used theregeuiicaflj; as
a salad: em:-::e for peiients receiving parenteral
nut-fitien whcsse eeieric requirements eannee be
mei by glueese. It may be erizmimietered either

{hmugh e penpherel ‘sse-in er a eentrel vemzme
eetimeter at e sriietimt rate 1:0 heig prevent the mm?-
reme mi‘ nntewazd feeefiicme.

Inkedermal Iniecricma

Theee injeetiens ere aeisrtinietereci men the cerium
ef the ekin. usually’ in velumee ef aeeut a tenth :3? a
milliliter. Cemmen eites fer the injectian are the
arm and me back. The injeefiens are Ereqeently per-
Eermeci as aiiegneetie measures, as in tui2e:mIin
end allergy seeting.

.E‘;:ic:¢terzem:e Route

‘Drugs are eiiministered tepieaiig-2 er eppfieei be
the skin, far iheir eetien er the site ef apgziicatien er
for :;3,e€em.ic drug effects.

Dmg ahearptien vie szhe ekzira is enhencexxi if the
drug subsrenee is in. seiutien, if it has .2: famrainie
Iipidiesetez partitien eeefficiem ami if it ie 2: mm-
etect:eIjg1:e.‘£3mge that are aeemrbed enter the skin by
way ef the pares, sweat glands, heir fefliclee eeba~
menus glands, and mher anatrzzmin: smcmres ef the
skin’; emfiee. Because bleed capillaries are present
fusibelaw the epiciexmai ceflee aimg that penetrates
the skin and is: ebie re travexzee the eapillazjmeil finds;

ready eeceee re the gene.-mi cimglatien.
Among the few cimgs czzrrently empleyed

tepzcaliy in the efin surface fer pereuteneeus ate
eerpzien amt systemie actien ere mtregiyeerin
iamianginai), nieetine {smnicieg eeeeafim}, eei:re~
tiial {eetrtagenie hmmesne), elenidine {em:Eh3xper~
teneixre), and 5-zepeiemine {entinaueeaiamimetien
eic1mess}.Ea<:h cxf these drugs is available Em use in
the Emtm of !:mr:ecie:rneI nielixrexjr eysterxxe feirrriszeiiezi

es; an adhesive ciiee or patch which slasely releases
the medicetien fee pereutenemze abeerptimn. Adai-
Eienafiy, nitzegig-ezeiin is eveilahie in en eintmem.
fem“: Ear eppli-zetien be the e§s:in’e emzfeee Ear sys-
temic ebsmptiszm. Nitmglyeerin Ss eeeci therapeuti-
eafly {at ieefiemir: heart dieaseg with the trerrswnel
éeeage fame beceming im”:reaeing}y pepzfiar he-
eeuee ef the benefiirin patient eempiiemee threugh
fheirlcmg-acting {ee hours) t:,herectexietics."I’he ni-
emgiyeerin peeeh is generaliy applied to the arm ea:
chest, preferably in a ha§r~free er shaver: area. The
trenedemzai errepelaméne sjatem ie else in the form
ef a patch is be eppiied tn the skin; in this {meg he-
himi the ear. The drug sysiem is indicated fer the
prevemien ef mmeee ami vemiting age:-ciated with
motion 5iek:«ese.’§he mmmercieiiy eveilaizle peed»
net is epplied ze the peefatsricular area several
heme before need {as prism: tar ea air er eee rzcizzrfi
where if: reieaeee iie medieaiien ever as perieci sf 3
:iaye.The ceneepte ef tranedemmi therapexm-2 eye
terms are dismeeed furiiher in Chapter II}.

Per the most part, phansaeeemcieal §<:'epeI:a3:i»:3I‘:5
applied to ihe ekin are intemied te eenze some Icnizal
ecticm and ae euzzh are {emulated re pmvide pr«:>~
lcmgeti Ieca] centaetwith rninimai eheerpfien. Tlmg
appfieci to the skin fer their Inca} awztiee melude

enweptiee, eni:§£1mga3 agente, enti«inI’ie:rs~1nekm§2‘
agents, fecal anesthetic agents, ekin emeliienfeg and
pretectants, against emsiremraemtai eemitiensg as
the efie-:‘:::e cf the eun. wine, peets, and ehernieal
tame. Fer iheee purpeees, drug are most cemmrsrd}?
acizninieteresi in the farm ef einenente and selateci

semiecflixi prepareiiene such as creams and pastes, ee
eceiid dry pmvcieze, aemeel spraye <3: as iicgnici preps: -»
zeticms each as eelutians anti ieticxns.

Phmmeeeutieeily; Ginnnents; creams, ami pastes
are sezxtieeliri preparetiene in whim the dmg is
xemreinefi in a suirebie “base (eirmnent base), which

is ixseif eemienfid and either hyziraphikc er hf,»
eimphebic in elnareczterfhese "tzseeee page en iitnpezw
tam me in the proper fermuiatien of semiscflici
preperafiene, me there is no eingle heee univexw
sally euitabie as as carrier of ali zimg eubeaamtee at
£01: all therapeuérirs mdicatitém:-. The pmper base for
e cirug must he zietemxined inciitxiqzlxxaily re prmsiatie
the deeixeri drug rekeaee rate, etayhzg qualitiee after
apyefieatian, :3I‘L(i>$Bxt111‘!:.Bl'.i€f7t}’, eemfmezzts are sim~
pIe mixtures ef émg eubetanees in an eirfhneizf
haee, whereas cmeeme are eemisefid emnieizme anti

are £ee:.-: viseéd and lighter than eizttmemx. Creams
are ecmeiasieseé in heee greater eethetie appeal due
ie their regsngreaey c}1em<:t.er. am} their aisiiity tea
“”varLish*"inte {he 2;)-:31‘: npm mhbing Persia; eemain
mam eelid mateeieie than dc ezintmente amgi, are
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Eherefrsm stiffer and less penesttcating. Pastas are
usnalfir empfuyed fact their prxztsctfve anion and Em’
their ability to absorb Semus discharges Emm skin
Iesians. ‘mus when prstecfive zsaifher than them-
pmtis: action is defimd, the fmmulafian phannacis:
will tam: a paste; but when therapautic action is re-—
qtzireci. he wit? prefer ninttnems and meaxns. C‘:3m~
mericailjg; man}; therape°:;?:ic.agant3: are prepared in
bath nintrngm and cream farm anti are ziispensezl
and used acmming 1:2: the particular greferr.-rnce sf
the patient am: we prumrribing practitiangz.

Meéicmar 3301353913 are intimate mixtzmas sat” me-
dicinfl smbstanceg usuaily m an inert base as ta3~
mm pczwiier. Bepensimg ugzcan the pzartirie size mi
the sesuifirig blend; the primrder will have varying
aiugting anni mvermg aapabihfias. In any case, the
paxfitle size shmkzi be small a-maugh ts E.‘a“IS3.3£‘a?.
against grittimss and mnsequent skin mitatian.
Powders are mast frequently apgiiaai mpicalby to
rehwe such mnditicms as diaper rash, chafing, anti
athlete's. font.

‘Mien mpirzal appiimticm is riasimsi in liquixi
form other than goiufigm, Imicsns axe mast Ere~

qmanfly namplgyexri. Lafimzs are suspgnsions of solid
materials; in an aquemzg szerzicim althmtgh certain
emuisi-22:15 and even. same mm staiutims have been

designated 35 minus because mf either their ape
pearance :31: applicanhn. Lotions .may“be preierreri
aver 3%-zmiscalisti prapaxafirzns because sf their Imam
gmassy clxaractex anti their irtcmaaed spraadabifity
rive: large areas <1? skin.

Qczfim, Clmf, am‘! Nasal Romfes

Ellmg are Erecpmnfly applied {apically to the eye,
an anwi the mumus membranes 3f the mse. in

these izxstancsa. oinmmnis, smpensicma, am} scclu-
Linens am generally empiayed. flphfrxakxfic sn§u-
timns and suspensimns are steziie aquemus prepara-
tions with other quantifies esamfial to the safety
ami mmfart ad? the patism. Ophtixainfic ninfmenim
must be steriie, amt! aim ‘Em: of gxittiness. Emm-
tixra new xiieiiwrry ssystama Em‘ «zrpixthairaniat cimgs:
continue to be irwestigateci. One damage farm, the
Qmaefi, is an eailiptirsafiy shaped unit ciesigmtd
Em conrzlnucms release: sf pilmarpixae fcsiimeving fie
placement into the c:;11~r:iawsac: cf the syn! Fxuihag.
cast: repmta am? the ability cnf waft mmact lenses ta
abmrb zimg mm the ejgr: have spawned research in
the dewaiapmenx crf mft ccantaszt Imseg impreg-
nated with eirug Em flxerezpentiq: applitzatirm in the
age. Nasal prespsaratinm are usuadly ssziutixrsns or
suspfimsinns acirninistareci bycirczps :3: as a fine: 1:‘-gist
Emm a nasal spmycipmaimr. Current research is :13 -

retfetzi tiimafiri the feagfifiility 9f the nasal admizrmrw
tralinn cs? insuiin fer diabetes maflims. Om er gar

pmparatirtsns are umally vimzizi 3:: ma: they have
pmhmgeci mntact with the afiected araa=a.‘I'}m§.* may
be smplnyed simpig? tut: mften ea; wax, ta relieve an
earache, :2: in» samba? an ear irifiectian. Eye, ear, and
mass prxaparatiatms usualijs am rm: us:-:~d far sysfatrfifi
efiferrtrs. anfi alrhmgh uphthalnfic and -mi: prepara-
tions are nut usmaliy amusbeé to any gm-as; extent,
nasal pmparatimns may be aizmrbed, and systemis:
effects after the intcanasai apgnlirgatixzm mi ::~::-mtitm
are mzt nnusual.

Dfleer Retires:

The §ung§ gazmixie an ezccalleni a§:=s-curbing sasxfarra
fur the administration cvf @525 and for aer-veal
mifim of waxy minute gzartidas sf iiquids <1:-r 3;-iids.
Tm: gases empiayed are mainly nxygen am the
mmmrrm genera} anesthetzic drugs administezrm’ ta
gsariems eszteaxing surgex;.r.‘I'he rich cagzfiiary axes of
the alvmli :31’ the izmga. which in man savers neariy
a thmgzsami sqnare Egan, prmicies ragrsirzi absarptinn
amti chug efifects mmparable in speed to those fa-1»
lewing an intmvennus injection‘ "in the case :31 sairug
particlsaa. {hair giza Largely cievaménes the depth to
which they penetxate that alwmiar negkznaz ti-33;:
emiubfiity, the Bfififefif m which they are absarhed..
After crzntacrt with the inna: mzrface Inf the bangs, an
insmlublsa -fimg particle is caught in the mum am}
is moveci up the gzvnlmanaxy tree by rcilimy actiesn.
Soluble nimg particles that am appmximately 3.5 tn
1.{} p. in gigs reach the minute ahrmia: sacs anti am
mast pmmpmnd efficient in prszviiiing Sf}‘SifEII“if: ef~
facts. Parthzlses that are smallmt than $3.5 gx. are ex~

{sired tc: scsmsa xmtem, anti thug their absorptinn 25
mm iota} buhxaxiable. Paytizzles {mm 1m 13 pix‘: size

effe:1;ive}yreac11 the Eemainal bmnclxioiefi anti LC:
same man: me: alatamiar riutttz-‘e and are famred for

Ema} therapy. Thesafnre, in the pharrnacmtica]
manufacmre mi’ aemsni sprays fm inhaiaticm they»
apy. the mamsfantairers. rm only must attain the
pmper dmg particle size but alsc: nrmsr rznsnre their
mifnrrnirg .f»::r csmsisterzf panetratian of the pen!»
managrtcm and unificzzm effects»

fix certain imttanrrea an-:1 it}: local efiecrs, «irugs
are ‘tnserieti into ‘the vaginazazmi tha urethra, ‘Drugs
are 1231332113,? prrasenteé ts: the vagina in tabiet E-mm,
as amppnsitnries, e3im:ments,. esznulaimn foams. gum
or saluiions, and tr; the urethra aa suppaaimries :31‘
é5C:I11tix::n3.$}*3iE::cxic dmg afiéects may rsssxslic after the
vaghtxai rm mvsrflnal appiicafti-.3n DE drugs time is ab«
sarptisnn of the iimg mm the mamas meminramefi
ca‘ these sitm
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Fate of "mug after Absnrptism

After absmzpticsn intsz {ha general cizsuiatiasn {mm
any tame of adminimratmm a drug may became
bmmd t-:2: bland pmtains and déiayed in its psssaage
firm: the s:.zr2‘om1ciing'tis511&3. Many drug substances
may be highiy hmmd m bimczd pmtein anti others
Tim»:-bauznri. Fm: instance, when in the bland strearm

nagrnxexz is 953% imumi {£3 plasma kgrnteirns, peni-
ssfllin C3 15 58% baunfi, amsmlcifilin rmly 20% bmmci.2:121 minmriciil is: unbounfi.

The dagxee nf drug binding 2:: plasma gxroteins is
usually exprassad as a percentage so: as a fiactienn
(termsxi afpfid, £1: 2:1} :3? the bounti cmnzentratifln

{Cb} an the mtai ezonrentraziun 53:?‘ bcmxci plus xxx»
bmsnd {Cu} drug:

Thug; if one "knows hm cf the three terms in the

equatiam the third may be cialmiateeti Dmgs having
an alpha mine at’ greater rhaxz 119 am mrrtsidsreci
iaighly baund {90%}; flame ximgs with an alphmsalue
mi iasa man {A2 are zscmsiciareszl m be Iittie xf2{.I'?a*a $31‘

less} pmrfizin haundfléble £9 presents appmzcémate
mum praieizx binding itharacteristis:-3 fm: raproasez-aa-
tive drugs press:-ntin the bixmil under czznclitinns asa-
aociatxed wifi1.I.x51zai ihevapg.The :irug~prr::siem mm-
ple:-: is cavamfhie and irwcwim albumin, aithzmgh
globzaiins are aim émaivrzd in the binding af drugs.
psmrfinulafly mama m? the hnrrmnras. ‘l‘h:=: Esindhtg emf
drugs in bixsiogirr matwszzials irimives the fmrrnafimn mi“
relativeiyweakbanés {e.g._.. var: charwaals, hyémgen,
anal ionic: bands}hrinciing capacityaf blmzi prov
reins is Iiznitexi and name may are saauated; acidb
time} xzlmg absarbeti 11120 the bleed meaxn remains
:.mbx:mnci nniei-us: bmsmi drug is mleaqed, nzreatirsg a
mam site far anmher drug mcflecule in attach. An};
zmizcrunxi dmg is flee to leave the bland stream for
tisanes or cellular simswiihin the may. ‘

Bmzmi drug is neither expased in the bani}/5
fieknmaflan imetabnlisam} pmcesses ms is it fil-e
med thrmgh fine rem} garmzmli. Ecmnd drug is
merefare refen-ed to as the inmrsim portion in she
kiwi srmti urdmmné aimg, with its aifimy me pane»
irate celis, is banned the szcfim b§c:c:r;i pczrticm. The
Emtmd gzorticm nf drug sarvas as :1 drug resszrvrair -at
at depfitg fmm which the drug is releases? as the {tee
farm when aha lave? ::»f free Limg in the birsod ma
L-zmgaris; magnate ta ensure psmein samrati::an.’i?:&1
free {hug may he 23:11}? siczwlfg miaased, Eimrahy in«
creasing the ciuraticsn mi the dmga stay in %he iamtiy.
Fm thin: reamn a dmg that is highly protein bmms-.3
may remain in the body Em‘ icznger pvariods mi time:

Table 43. Examples of Drug Binding in
Plasma Fmteina

E132-kg Pentax: Bmzrm‘

Mapmmn fwaprosyn) 3??
Cfhlavrambmzil {Lsex2i<e:can} 3:539
Eiz-:3:i-aim: {hrdinnfi 1????‘
Waxfmn {Crmméin} :29?‘
flumevsline §£’=;4::rszac) I295
Cicrxaciiiin Cfegqapen} >95
fleftriaxme {Rmmpmn} 3Sz»~95
Ciefnpamzxarm {tlefabsdjk 82-93
Cafeninid (Mona:-ad} >93
imlnmkétlmcfirre flfndncin} >98

Sptmnokazrlrime tjskitiactmifi} >538
mgitmdn {Cqaméigin} :29?
Cyclmpszrine {Samiimmuna} >913
Szzlfiamzamle {Sank-{sin} 385
Dflflazem {fiartiizenffi ‘?:}~8£)
Peniciflinfif fifeafifis} E735!
Mimglycerin {,Ni::m-Bid’; 1:431}
fiaxiiizllin Ce Pcakasfium 11%!)
Ixriktfmtvaxare 325$}

Methidlljm fifitaphzilkini $48
Cieftima-time {Cefim} >30
étaptnpsil {Capozizie} §‘5.~3§}
Cipmflmcacin {Cipm} Eikéiii
Digmtiia tlsznézminl 22$}-25
Ampiciflin {Qmnigea} :=-23
Ammiciliin (Ammél) >253

Mezmmiciamle {Fkgfi} «SEE?
Mercagztorpnrine {Pnrineth-ai) >19
Cephrariine {Velosef} Bml?
Rzmétictina {Zamafii 245
Caftaziéime fijazicef} <13
Nientine ifiasiepj <33
Ivfimzdcfii {Lpniren} :> D 

.=‘we:aga Ekteratxztaa values, bassxi cm mmiiticcrss usualijg
assoaiated math dmg therapy.

and requixe less: fiaquem cisasages acixninisixatifm
than amtlxer zimg {hat may be may slightly protein
bmznd and may m-main in the body Em: emly a sham
pafied of time‘ Evidence sufits that the C%‘:»Ik'CIE§I1~
tmtizssn :21‘ serum aihurnin ciecxveassas about 211% in

the aalcieriym This may he clinicaily signiiicam for
dmgs that him} strmgiyra albumin, avg“ phenytozm
because if there less albumin available tn bind the

drug there will he a carrespanfiing imzreasaa :4‘, the
free drug in the huciy. Withmxt a downward cimage
adjufirmmt in an eldefiy paflent, ‘there mulxi be an
incrteasszd innidence mi admrse effects.

A r:img’s binéing ta blmrad gsrnteins may he af-
§a»:::2fi by the simultamamzs presence a§ 3 secand {or
mare} :ir1;g(s).’I‘he additirzsnal dmgfis} may result in
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cimg rzffecis gar dxzratims sf nimg airman qniie dis-
simiiar to that fimund when each is aéxrxinistereci

ainrme. Salicgiates, for imtance, have the effect :33?
rierznessing the binding capaciiy 91‘ thyroxim flue
flgmifi hnrmone, to prnteim Phenyfimtazone is
an ‘example :21‘ 3 drug that ::«:>m*;:34€:tiiiu'e}}* ctispiaces
several ether drugs mum serum binding «sites, $11»
zrluding Ether antimflazmnamry drugs, ma} anti~
magmflantg, oral anficiiabatics, and suifunarnidas.
Thmnxgh ibis acfian, tha digplaced eimgs become
law pmtein boumi and their axtiiviiy (and t<;~m‘t:ity}
may be imtmaged. The mtemity sf .2: cimgfi pharw
macologic response: is zeiated to the ratio of the
{wand drug aaszzsus fiee, active timg, and the theraw
puautic zixniex :31‘ the dmgfifiiarfaxin, an anfimagulant
is 9?'% boumi tee pmsma protain leavingfifiai» in Eree
fmm to exert its afierzt. if a sammi zimg, such as:
napn:-man, which is strung}; bcmnsa‘ in: plasma pm~
being, is aximinktemti and resmlm in :3:-gig; 90% caf the
warfafin being bound, this means Ehat 13% vzsf war~
farin is new in the Ear; §mm.'E’hazs, the him:-ct Ewe:

ed’ the free ssssarfariii (3 ice 13%) has tripieni and crinild
man}: in sexi-am; t:}>cia:iiy»The displacement sfdrugs
{mm plasma pmzein siteg is typical in the elderfiy
Whfl nmnnally are maintaixzecl an numerous
tines. Cimxpied with the afmremernricmexzi decrease
in aerum prmteita through the aging prncess the atiw
diiim :11‘ a high1}rpmtei.n~bm:n:.i drug to an eicleztiy
patient“; eadsfing treatment regimen rrcmld 130343
aigtzificant prnbiarnsif the patient 35 not mtimitored
caxefuily far {signs mi tc::>:ir;i1:y.

in the same manner as they are hazumi to biimd
pmrezins‘ drug may inecczrne bmnxd to specific mm-«
psxnents cf certain ceI}s.’IEms cimgs are neat :iiam'b—
uteri unfifmtmxljx amvrmg all malls of the §3l3d}{. but
raiher temi EC: pass item the hflntsti mm the fluid
iraihing the ‘etisstzas and may amnnuiate in certain
cefls according m kheiz panneabilitjg sapahilities
sang} chemical ami physical afinitieesffhis afiirtityfimr
certain hadjq fires infiuyances iihfiir actian, Em: they
may be hmught into ct:-ntart widn reactive tissues
{their r*e*cap£z27- sites} car alspasitefi in pizces when?
they may he macfiwm Many dmgs, because :32’ their
affiraifjf for and salubiiity in Iipids, are {mad f-E3 he
depgxgiied in fatiy bad}? tissue: thereby creating a

strzsrage place -251” cimg resanzoir from which iheyara
simwljr refieaseri to athe: tissues.

Drug Metaboiism {Bintransfnmmtiun}

Alihmugh same drugs are ezqcratescl hamthe may
in their ariginaf fmm, many dnngg. undergo bin-
fxansfmmatiazsn §31i5:2r‘t-:3 axcretian. BEotran§Ean:na~
tion is a tem med to infiiaate the chemical changes

ma? mcczur with drugs within the may as they are
metabmlizeci and aktemi by varimm biechemica}
ms-:¢11amsms.“1‘he biotransfarmafinn of as drug re~
suits in its ccanwrersisan in arm :3: meme cnmpmmds
that are mine water somhle, mare: ioniaesi less ca»

pable sf banding tat: pmteins mi the plasma and t:'s~
mes, Tess napalm of being ssmmd in Eat tissue; anti
less able EF} panetmte ceil menzbraneaa, anti ihereby
legs active phaxmamiogictafly. Because nf its new
charantesisfics. a. drug 3:2 rransfcrmed is rendered
lam to;-cit: and is mare readily‘ excrated. It is far this

mama that the pmcess vzaf bimtranafaxmatmn is
also cammorfly referreti to as the‘”’dero:-fifiicatian“-3:
"inar:Eivati::«n‘“ prncess. (E-Iuweuer, $:3:t'£‘E&i'iI1'1E:§ the

metabolites are mare active than the pamnt com»
pound; see prmzfmga faiicawisng.)

The exact metabcxlic pm.-eases: ipazhwaggj by
which zirugs are transianned represent an active
area :11? biamedicai zesearéh. Much m:3~1'k‘ha§ been

dame mfith we prmceases mi‘ animal ciegrzztififivzm mi’
dmgs am?» in many irrsisamzes the biatmngfnrmafiizn
in the animal is thmzght his parallel that in man.
‘were are fan: principal chemical macrinns in»
waived in the metabcviism sf drugs: maidatiang m-
duciicrn, imyzirnlysis, and ceangngatim. Mast a>:i::!.a~
rim macfisnns are catafima by eanzyrnes (aacidasesfi
bamxd to the endapiasmic zefricuium, 3 mbxflar 33x3»
tam within, Ever nails; onlya small fzractimn af druga
are metabalézeci by zeductinn. through the acmn vi
redmrhases, pregnant in the gut and liver; astéxaseri in
tha liver participate in the hydmiyfic bxeakcimwn ca?
cimgs cmtaining ester groups 213 well as 3IZ1i{iE:§;
giucaxzmrfiée cccnjugatiura is the must cmmmnn path
way it): dmg‘mEtabc23.isrr:, titrmugh cmnhinafinn of
the simg with glzmzrersnic acid, farrning icmizecl
cazmpmmtis that are 5333}: eiiminataeri {Z}; Dfher
metabmii: pmcesses, imisxding methylatém and
acyharion mngugazzim mactims.‘ occur with certain
cimgs to Easter eIiminan'a:2:L

In renal-at years, much interest has keen shmsrn in
the mefabmfites of drug issiotxansfnmmzian. Certain
metahc-Iites may be as active GE even mare acfive
plxmnxaccéagically man the arigixmal mmpaund. {laz-
casinnaliy an active cimg may be mmarfesd into an
ar:tiw metahaiite, whim}: xnust be excretazé. as suxih

£3!’ undestgna further bimtransfimnafiun in an inaclsime

maizabolitr; e.g;_, amiiajptyfine ha nnrtriptjriine. In
ather instantes uf ding thazapy, an irxacfive parent
cmtpomsi referred 2:: as a pvafirug. may bu: mm-
mrtefi 5:: an active therapeuiic agam by chemical
transimmafirsnin the bmiy. An e::<am;:r1e is me prim
rimg enafaprii Wasotec), which after oral adm:'mi5~
tration is hjrdmljyzeci ta: Enalapriéat, an arrtziva am
gjotansin-cnnwrrfing enzyme {ACE} inhibits: uzfiaci
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in the mazznerxt surf fsypertensiszn. Enaiagcsxilat étsalf

%s pcmriy absorbed when taker: mtaliy (and 3:11:13 the
pm-r:i:mg}r but: may be administereai intrawenansly in
aqneous scfiutiozx. The use as: {home acme metabo-
lites as "’:1rig2'nal"’ drugs rep:-ass:-rnfs 2; rim area {if
dmg inwrstigairisvn and a vast rszsemxir sf gzmentiai
therapeutic agents.

Samara] examplefi :25 biutmnsfarmafinns mam»
ring vdfhin the body am as folluws:

{1} Anetaminc:-phan %LB“_j*§ Aaerazsrimphen gin-mccsrzide
{active} {inactive}

{2} Amaxapme “Wag 3»hy:Ir:2x}r~amaxa;a’n»:»
{active} {inamive}

{3} Pmcainazrxide j‘_;;1**‘°_fJL___3*4 pwmninnixemznir acid
{active} iixxactiwrfii

{I}; béiirtrgiycegin ft’-mm“ 1««2 and 1««3 siinitmgrycami
faczifisefn {irxazttiwaj

Sczmeparent sxampszumsfis unzie-rgr: full, pariiaig {Lit
ma bimtransionnatiaan Ecclicmring arglministraticzrw.
Lisinopxii {Z‘.estri1}§, for ezcamphz, fines rum: andergcz
mefaimiism anti is ezvzcreieri unchanged in the
urine. flu the niche: hanfi, veraparnii {Cf-flan) may
talzzoiizes in at Least 12 metabalites. the mm: ;:»re~sa~

lens? at" which is mnrarapainfi; Na:-rverapamit has
213% mi the cardic-tzasmlar activity 3? the paxeflt‘

campaund. flilfiazem {fiardizaaml is partially me»-
tabaiized {ahatmt 23%} re dzzszamylciiltiazem, which
has 1{J-?.€¢‘:¥$ the car-anaxjg «gas-xzfljiator activity of ma
parent ccsmpmmd. Intiamathacixx {inctszcinj is; ms":-~
tabctiizeci in gstafi m ciesmethgr}, ciesimanmyi, anzi
degmathyldashensnyi metaboiites. Pmpmxgrphene
nezywlate ifiiarviyn N} is metabalized to max-
prnpcsxypzhem. which has ie;-35 mantra} nervous s§,»*s~
rem rieprasant actitm than the parani ccrmpouné
hm greater lacal anesthatic effects. The majarity szzf
memizsnnlix: iransfannafinns takes place in flue liver?
wiih some drugs as diitiazezm mi veraparnil un-
ciergaing e:-stenssive firm:-pass effects. Other dmgs,
5212?: as teramsin {Hy!:zin), undergn minimal first»
pa:-:5 mataimlism 2‘~z:ffe:{:i:s.T1:1e axrren‘-zan -mi‘ bath cimg
and metahcalisres takes place pzimarilga but in vary-
ing ckegreesg via the txrine and feces. Far eacample,
inclamathacin and its matabnfifas are emetesi pn‘~
ma:i13:{6£}%)in the urine,witI:1 the remarlnder in the
Eases, where-as terazcsin and its matalmlites am am

:;:raatedlarge1}*{&{}‘§:} thmugh the feces, and the Ian
mainder In the mine.

itis impmrtam hr: memicm thatmetal Eacmrs in-
fluence drug metabolism. For exampie; there are

markzeci difiierencea between apecées in pathways
sf hepafic marabarrlism Di‘ 3 gven drug. Species
dififarancea mam it extmmaly ciifficutt tn eacimp-:2»
late from me ape-aies to antrthvzz, mg”. .§aba;:ramry
zmimais 1:2 kmrmans. Furthesrmem them are many
mcamples raf fntefifisifiaiéxmf ?3££i'i}2§§£?!1S fin Enapatic
metabsmsm caf etimgs within me species. Genetin
Eacmrs are immlveni in the rleterminatian r:2E the

basal aciivity vi the mug mstaiztzfizing E1“££}*I‘nJE3
systems. T‘Ims, t}1:=:m can be masked intersufiject
variafim in the mire aft which certain inaiixritixlais

metaberziiszaiiy handle dmgs. Eecaussz cf i.-his va:ia-
ticrm, a physician must indjwifiuaiize therapy tn
maximize the zchararms far a mnstrurfive therapeu-
tic: mztcnxme minimal toxicify. Smdiea in hu-
mans imns denmnstrated that these diffzrenzras

have ocmrred within the qfimhmme P453 36*»
nrziic codes fear a family cf isoemymes resgmmibke
for drug metabmfism.

Age :31’ the patiem is annther signifiezant famgar
that iniluancas drug metabmiism. Mthaugh phar
macokinefic calmlafimns have mt bean able: in tie»

vein? 3 specific cmreiafive mlalimship wiih age. it
is kmmm, fm e>r:empIe,. that the ability ta mamm-
Iizse cirugs riecreasuzes at the mztremo:-zs cf the age
sfiaie, Le, elderly; naxmate. Liver mend ficm: E5 :19-
cimted by aging at abem: 1% per year beginning
amunfi 2:55 33.9 This ciecreaseci blmci flow to the
fiver reduces the i:apaa:ity for hepatic drug metabo-
lism and eliminairion. Far example; we half-life nf
chhzvrciiazepnzsdde infiraages {mm about 5 hours at
age 2&1 to ahmt 36 hams all age ELL Furthen an
imxnamre hepatic system riisaléows the affective
metabolism of dmgs by the newbmm :31: premature
infant. As mentimad earfiezr, the‘ hafi-life Bf fhBD*

phyiline ranges bemeen ‘is; m 53 banana in the pm-
mamre infant in 2.5 m 5 hat:-ms m jgrmng chikaxan
between the agesaf 1 ta :3 whose liver enzyme s§;s~
term: are mature.

Ifiiet has aim been xiemonstrateci in medify the
.ma-tahulism 9? same timgs. ‘:33: exampie, the son»
versiszn rzf an aathmatic patient fmm 3 high in 31 km-
prmein ciiet wilé increase the half-life of then-
phyiihm. It 11:13 aim been demnnstraseci tha: the
prfitilictifln <::«f pmiycyclic hydrcacarbmns by the r;har~
coal trailing sf beef enhances the heparis: mambo»
155131 and ghafiafia the plagma haitliife :3? rhea»

phyfiine. it is mnsreaivxbie that this effect csmiti alga
ocmzr with drugs that are mmahtziized in similar

fashicm to tixezspiwyliine. Diet type, 22.3., starvation,
certain vegémfiifi fbi“->.I3$t2l§ sprauts, cab}:-aga, I:w<:~
amiii, has been shmm to influence the mastabrmszm

of certain dmgfi. Lagtfy, it is impnrtant tea memziztm
that axgsnsure tr: ather drugs en“ chamicais, e.g., pew
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fitifiifiii. almhzsi, nicotine, and the presence of dig»
ease: states; tag" hepatitis, have all ciemmrxstrated an
influence mm the drag metahoiisxm and cmnsequezxfiy
the phamamkzinetic pmfile of certain zzlmga

.E’::crmfi:33: ufDrags

The ea:-ctetifln sf drugs and :heir metabelftes tap
minakes their arzrivity and presence in the hmiy.
They may he eiiminaiezi E333 vaxinus mmtes, with {ha
kidney plajgfing the sficextrsinant role by eliminating
drugs via {the urine. flung excretian with the faces is
also irnpt;-rtant, especial}? fear rixugs tliak are pearly
abs-mtbezi anti remain in the gagtmimtesiinai man:
after mal adminisiraficm. Exit thrcmgh ihe him is
sigrfififiank my whan the dmgb reabsmxjptrian fr-am
the gastmiimteafinai track is m§:rxima1.The1ungs pres»
wide the exit far many miatiie cimgs thmugh the
expirefi bmath. The sweat glands, saliva, and mil}:
play csnly minar rz:sIr:.-5 in mg eiiminaticm.‘ Hmww
aver, it ahmzldbe mcngrfizad tliatif 3 522113 gains :a.<:~
crass tn the mm: at? a mather ziuxing Eactatimm it
czmzki easily em-t drug eifracts in the nmingirz-
{ant Examples «:5 mgs that ck} enter bmaat milk
and may be pasaed ism in nursing infants: imtiude
iheaphyifine, penirsiliim, msexpine; iimieina, m»ap+2xi~«
-ziimeg barbiturates, diitiazern, anti ihiazide diuretics.

It :5 generaiiy gaoci yzactéce for the mama: in ab
stain Emm taking mediiaiiiznn during Lhii period of
time she is nursing ha infant? I£ she must take
metiicatzicm, she simuid abide by as dosage regimen
and nursing scheduie that permit her own therapy
yet ensure the safaiy of her child. Nat all timgs gain
emzanca: into the >rm‘I1«:; mexrerszheless, camien is

afivisabla. Manufarrmmzs‘ packaga ixxsem: contain
pmdm:t«-§p»2cific iraformafiun (umaflg; in the "E‘re~
rramtri-:3ns" Merriam) cm dmg migrianbtn intnt: hreast
Lniik.

The nrmecessaxjg‘ use 43:” meéicafims timing the
aariy stages at‘ preguancga is; fikzewige restzictea by
physiciarls, because czextain rfirugs are known ‘ice
have {he abiiiligr in mass aim placenta} banriar and
gain enhance to the fisaszzas. arid bimsi of the fetus.
fismang the: many drugs immnm ta tic: st“: after ad-=
imnisfratimn ft: an expectant maths: Bra all :;f the
anesthetic: gases, many bathimmfes, mrfianamides,
salicgiiates. and a number :3? other patent aganta
like quinine, mepariciina, and mmphine, the latter
mm drugs being mrcutic anaigesics with gxeat ad~»
dictisrm Iiabflitiea. In fact, it is next umxsaai Ema naww
barn irafam to be imm an atidieri flue tn me aaxcatic

acldicfmn (If its mother anti the passage <3? the mar»
saris: drugs across the pig:-antai barrier‘

The kixinay, as 131% main mgan :50? the eliminatian
(sf cinzgs {mm the bmi}: must be functinning ade-

quaieiy if zzimgs are in he effisziently efiminaiec}.
Fm: instance, elimimaiimn sf iiigmdn mrurs Eargely
thrrrugiz me Eddnsy accardfmg tn {frat-mde: kf.mat~
ms; {hat is; the quanizlty of digxtmin elzlrrzinateci at my
time is prapnrfiunal ta Elm mtal bu-£3: cmtem.
Renal rrzzzzrezicrn 2:15 ciigaxin is pmpartitynai tn me
gszsmemlasr filtratl-::»n me whirzh when ncermai re-
sults in ex digmxin halfi-life that may range fmm 1.5
to 233 clays.Wh»zn the glcsmemlax fiitratirzn rate be»
mmes impaimrl car riiamptezi, hrmever, as in an
anmi: patient, Em: eiixrdnatinn rate ciemsmaaes. Con-«
sequenily, the haifwlife «sf digmein may be between
3 in 5 ciaywsecamsze aftisispmlongaiinmn of cligmeinig
halfwlife‘ the dcrsage cf the drug must be decreaaewri
as the dnsage interval pmlcmged. Qthermsfi, the
pairient M21 axperienne digmein 5:::t:«<‘1‘».:.ity.’.}."he cl:-ages
af impaixmem can be animated by measurement:-z
mi giccmemlar fimafimn rates, mast mften by r::'z“eaki~
nine clearance datvmnination. Usualiy, lmwevex,
#1113 is. mm; feasible ami the p’a~‘:irmt"s semm -:.:aa:a3:i~«
nine value is usadmmm appropriate p}1a;rmamk1‘~
rxexir: equatians to help determifzie as drugs dosage
regimen.

Same drugs may he reabsym-bed fmm the renal
mhuia even after having been sent E;h<=.-re fear exezri-.«
tim. Swans-:4: the rate =:::+f reabsorpticm is pmportional
to the mncenh:atiarmfcin1g in 1.11“ii{3ni§’.JE2<3 farm it is
pcsssible tn mosiify this rate by acigusliing the pH sf
the mine. By acidifgving {he urine,‘ as withfhe am} aci-
nflzxistratian csf am.t'rn::¥:‘:ium cizlcrxicief at by .-»:JkaI3ni2~
ing it, as with the adnfinistratian vaf sodium bicar-
bmate, me can increasa :31’ cieesrease {ha icenizafiinn

of the xfimg and thezzeby alter its praspacr_.of lming
reahmrbed. Aikalinixaainn of the mine has been

ahawn ta enhance the urinary extrmtinn of wraak
acids such as salicylaies, suiftmamicles, and phem:-~
baxbi::aI.’§‘h&=:31;1pcrzsitea effect can be achieved by ax:id~

ifying the urine. Elms, the rinraticm cf ag:img’s stay
m‘thin the E1:3:i}r~mayZ1e markedly altered by chang-
ing 1:119 {:51 «DE tha axing‘ Same fonds. such as rzmrv
hang: juice; San also serve its acjxfiify the urina and
mgr alter drug exmretirm rates.

The uzinmy excretiran :22‘ shrugs may aim be re-
taréed by the mnmrrem azziminissfmiian mf agents
capable {bf inhibiting, fheiz mbular secrefi-r:n.Awe=3i~
knrtrwn example is the use mf pmbenecici trza inhibit
the tubular secratiun af varimzs types cf penicillin
thazeby Ieducing the frequency af ricasage atiminis»
tratinns usually neceasagr ts; maintain adequate
thexapeuiis: blood lexmis sf the. azfibicsoriz émg. in
this ;::artisuEaz'§:1stan::e, the alevatiozz crf penicimn
bland 192333, by whamrer rents: the antiiziatic is
atirninistered, In twczfcrxld and even faurfoid levesis

has been fimnnsstmteé by‘ axtijwzant thezapg; wit}:
pmbemcid. The fiiacirs are cmmpletegr rwemhla
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upzrm mthdxawel ef the pmeeaxecid £1*:::m,ee-neetnir
ken: thempy.

The fecei excretion ef dru.§ appears be Egg be-
hind the me ef urinexyr ezetrefien partly beeeuee a
day er en elapees befnre the {ease reach the rectum.
It shank} be eeeflgs eeen that aimgs acimmistered
mail}; fer knee} activity within the gastrcsineestimzi
tract and not ahserbeni W511 iee elixrxfnated mm-

pieteigs via the flame. Uniees e mgis partiazleriy ir-
ritating in the gaeirointee-tiiml tzeef, there ie gener-
afiy no urgency in remming zmahembable drugs
frem the ejmem by meene ether than the name}

defecetimn pzvzzceee ‘Same drugs fha: are uni}? pare
tiaily ebeurberi. after feral admimehefien will nam~
araliy be partly eiiminateri aiwrcrugh the rectum.

Pharmamkinetirz Principles

This semen introduces the concept {:5 pherma~
Cf::}ki1”%.£‘:"i:i-{:L~*> and new it interreletee the eefimm

gzroeeeeee that take place when tyne efimiraietere a
rimg m ag:-atiem, Le, abserprien, eriistfihuiian, me»
tebmiiem. secretion. It is net iatemied m be mm»

prehensive and time fer further inferrnetien abeut

the sulzieet the reederie referred to ether epprngsri»
are Eitereture eeerees.

A pmbiem enecsunterecl when me needs to de-

terenine .5; more accurate dosage of a rimg err a mare
meaningfui infiezprezetien of a bielegic response in
e {fame is the viability m determine the mug flfifie
centretien at the active site in the hedge. Sense
qnently, in salve This dilemma; the mnqzept ef-mm-
parirmental analysis is used within the dierripiine ef
phennacmkirxefirze in an attempt In qsxantitatieeiy
define what has became ef the drug as a Euneelen
03' time {mm the augment it is acimirzietered until it

is no hanger in the herfiy. Phamzeeekinetie analysis
utilizee mathematical mmieie fit! simpfify er eirmz~
Iate the diepcezition ef the drug 2; n the ’bod§,r.The ivziee
is ts: begin witirz a simple made} and fiwen ee
necesear3z.The principal aseumpticm is then: me me-
men bani}? may be rep-reeenteti by me or mare comm
ggmtmenre Ur peels in eafxich :1 drug reeiéi-as in 3
dynamic: etate far a sham perimi cs? time. A r:~:;’m=
partmextt is a Ezypazrrthefical mace brxunci by an ‘en-
spevzified membrane emcee which drug are trans
Eerted (Fig. 4.131131%: transfer cf drugs inter and mi
of fhie temperament is indiceteri by armwe that
point in the xzlirectien of dmg remrement mm at nut
:31‘ the mmpertmem. The rate at which a cimg is
iraneiexzzed thmugheui the 53:5-iem is deeignateai by
e. symbul that ueueiiy repreeene; an expmneneiel
rate eonstent.'1‘};picaI13;. the letter K er in with nu-
merical er aiphemzmerieal suépeeripks is utilizesi.

‘There are severe} essumprtiene aeemziategi with

R3 Kai 
Brag

where:

{CF is the drug mnaentratie-n In plasma
Vt‘ is the vehame ef the mmparimenl -:2: mlume

:33’ dietribmion

Pig. ‘£33 Sésmaééeofe mxe-reezpmafrraent sy:::>em_

mocieling ef shrug beheeiczr ease in the early. It is
aeeumed that the eeimne cf each compartment re»-
maine mnetant. Thus, an equatien that describes
the Lime ccmree at’ the amxmm mi dxug in the cem-
pertment can be converted La: an equatzicm that de~
piers the time ceuree of the drug eczncenzxatien in
the mmpertment by dividing E:-nth sides cf the
equafinn by the mlume ef the eompemnem. Eie-:~
enciiy, it is assumed thai umce 3 mg enters the
cempartment it is instantaneously and mrxiftsrmly
distributed thmzzgheut the entire mmpamnent.
Thus. it is assumed that a emnpfing :2: any me par»
tion of me camgzamnent will yieid the rimg men»
eenizcatian ref me entire cempextrnent.

Tin mmpaxtmem mmieis it is aesumefl the: mug
paseee Eeefiy ism and en: el‘ mmpertments. Time.
these mmpanmentai «systems are knmxm esfispen”
5yetems.'i§rpica3l}{. the grroeeee DE timg trenepnrt be-
tween eempamnente iniiews fitet~<m3.e;c kinetics,

herein a cnnstani: fraction mi chug present is eii.m.i~—
haired per mil time, and can be describeci by ::1rcii«
nary diifereniial eqeations. In these léneez systems
the time mnszame that cieseribe flee rate at which.

the piesma or blami mneentratien meme mi .3 clmg
decays are indepemient cs? the dam of the drug, the
eolmne nf distribution :15 rhe cimg and the mute ref
ednxinietretion.

The eimglesi phaxmamkinetix menial is the einm
gie campamnent :2;zer:~mec2‘e2 mm: (Figure 4:13)
This model depieie the body as me mmpartmem:
ehmeeterieeé by a certain evcflame ef tziistcibutimn
{Va} mat remains eoeetam. Each rimg M its mm
sfistineic velume ef ciiseihuéien em} this can be in—

flueneeci by certain patient feature, e.g,,. age, éiseaee
state seams. In this scheme a cimg sen be instanta-
nemtsiy intmduced int-:3 the szvmpartmenh inrapid
intravenous adminietretien. :2: graxiueily. eeg, era}
exiministratien. In the fczrme: exempie it ie aeeumexi
that the fimg distributes ixnmesfiietely to tieeuee
with inecanteneeus attainment ef equfiibriuzn. in
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the iatter example, 111% rimgis abmrhed at a certain
ram anti is chaxacizezlzed by the rate ccsnstant 3:,
Lastly. the drug is eiiminatea Exam the mmparta
mam at a certain ram that is characterized by 2: mm
cczmatam Kg.

1!: is mlmant at this pain: ta (:0:/csiéem the z.-alums scf
d§stn‘bt:f:bn, 3%. The mime cf ciistfibufimn is a 1:»:-z3~
parfimafiry cmsmnt and is a mun final: refsm tn the
mlume ink: which the R313} ammmi nf zimg in the
bodyvmuldhave an be miiiomfiyéismfisumxito pram
visia the mxtcenitakixzm an-f drug: actually maasmed,

mg, in plasxna, in !;>1:::<:d.’I‘ixis harm can be mislezasiing
because it dots net xeprrwmt a specific had? fluid K31?
mlmzne. It is influencedby ihe>p1as:na«p:o’£r.in bind~
ingand tissxze izriraxiing charactarigfics csfa dmgffheaa
than irrfluance km iiistziiaution vi’ the dmg bemem
plasma watea extracelinlat fluid, imra::EIIu}ar fluid
ami iota: bodyw'ater.Fxm:hm;because ex rixugrcan parw
tition bamaen fat ami water aecxartfizmg is its uniqua
parfifiun rrzbefifizfiam‘, this can aim influence the ml-
ume utrf tziisaxibufim. Becaasea 13? these phenomena,

pharmacoldnmiicists find it mrwenierst m desaribe a
dmg distrihuinim in terms emf compartxmmt maéeb.

T3 xietsermimz the rats ef tirug transfer into and
mi; mf the camparhnamt, piasma, samm, or blmtxi
samples are cirawrz at pmdetextmined timer: after
the drug is adminiskzrnzd and analyzed Ear drug
mncesntratiun. Cm.-:2 a aufficiem number ::>£ e><;:sar‘:-
mental data points is determined, these are: plotted
can setni-logarifhntir: paper and an atxetngat is made
ta:-. E2: the experirnzmal pmixmts wiih the mnmthest
mma E-:3 fir: them: points. Figure 11.1% siapicts the

plasma nmncrennsation E33525 time pmfile far a hy-

AmnumatPhembarkmai 
Days

Fig. 4.1% PM cf the péasrna :*:m:2£ri£1*.:rrEa2:~iime ziazéa.
ffiepréarzd mink parmissieaafim Rawianaf M. Twrm. Clfm
Em} Phammmkfnesins. End 25., Pkfiiacfaipfiaixz: Lass {Ir Faigeg
:t?3§_}.

patherrlcai drug fcaiinwing mpixi i'm:ca1:*ens:vu§ injec-
tion nfa balms close if the cimg wiih. irnstantaneecms
ziistzibuticzrs. Fur émgs whnse dismfiuflm fczliaws

final:-order, :me~mmpartment pharmacmkineticrs, 3
111UEUffl‘§EIt11ga1‘ifi‘£TI1 of the cuncantxaiim of ding
in the plasma Cm: bltmd} versus time wiil yield a
straight fine. The equatiaan that describes ‘the
piasma decay curve is:

C? *-~* C93 a’"K*" _l Cfiquaticzn 4.1}

where Kfiis the £i:s3:—murder rate of eiizninaticzn rzf the

drug frm: the bad}; C? is the cczncentxarian of the
drug at a rims equal to B, and £19‘? is the -concentra»
mm of dmg at time equal in nary, when all the simg
adminisimed has been absorber: but name hag been

remmsed fmm the btzdythmngh e:1imination.me::h~
emiams, egg, mekabczlisxn, rang} 1::-:c::etion.The ap«
parent fi.rst~c}rti2*sr rate azf eiimination, Kg}, is usually
the wrr; vrsf the rate: tzomztanis of a numbzzr czf imii—

wsirixzai prznzassea, e.g*_. rnetabatzii-2 tcansfannatiem
renal erzvzcmtion.

Per the purpafie azf phamxamkinetisz caltmlaticrn it
is sampler to comet: Equatizm é-1~‘m nammi iags:

Lin C? *--* Ln Cg -~ at‘ {t} ffiquafiaan 4.2}

aml than in log base“:

Lag C? -»-= Lag cg, — K9; {:):2.3:33 CE-£§uatian.=§.3)

Equation %-3 is than thcsught {sf in terms af the Y4
intextept Earth:

*1 = b + m :u:

Log (2? m Log Cg « i(,j!3.3fl3 {ti

and inmrgzreted 33 such in the seszxiwiogazikknnic
pim iflusirated in Figure 4.14. Mmfimgs acixninis»
temd many can be adequately tiasmtibed using
a one~:mmparm1em mmixzal, whereas drugs admin-
istered by rapid intraxsencxus énfusicrn axe nsuaily
best fiescrstibeci by a nvowcmmpartxnam car tI:xI‘ea~
crzmpamnem menial system.

Assuming that a dings wiume of éistrtihmicm,
13,5, is ::<mstant'w'ithin this system, the totai am-mm:
cf cimgin the bady (Qb) can be calnulateci mm the
fmilowing esquatittmt

Q1: '““ 33%} {Va}

Usually, S39? is dE by eéxtrapolafing the
drng~c£:rn::anfI“ation mne plot back has t*irm=: mm.

In this simpia une-ccmpamnent system itis aw
gamed that: the admirtistereci drug is mnfmati tn

{'1-Bquatirm 11.4)
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the piasrna Liar bir:.:~c-:1} and ihan excreted. Dmgs
that axhz'§:»it this behavinr will have small xzoiumes

af diatzibution. For examylua, a drug such as war-
{aria whicir: is extensiveiy it-szuxzci ha plasma afitrmrdn
will have a volume of ciistribukim equivalsnt in that
sf plasma water, abmrt 2.8 limzr. in an average ?{} kg
adult. Some drugs, hnwever, will initiaily be dis»
ixihutvzd at somewhat differam rakes in varis:-ma flu»

ids anti tissues‘ Cansaquenfl}; these drugs’ l<in.ei:ic
behasvim can besi be iiiusnmeci by mmaiziering an
expansimn nf the ::»ne-mmpaxizment system in the
ma czmgmrémm: mcxdgi {Fig 1.15};

In the twm~mmpart::nent system. a chug enters
into and is instantanemzsly distnfizuted fhrcxughnut
the central cmnpartment. its subsequent distribm
{mm mm the semnd cs: peripheral rrampartment is:
sicswer. For an the basis £}fb_li1I{}t:i perfw
aim and fissumplasma paxiitinn mafficients far a
given timg, varimus iififitl-BE anal organs are cun.sid-
areal mgethrzx am} given the emigration as central
mmpamnem: or psaripherai mmpartmemtffhe {zen-
2:33 campamnem is usually cnnsidered to inxziude
ma biooct the ezxtmceflxflar syace, and mgans with
gcad bianmtl perfusion, e.g., iamgs, liver, kidneys,
heart.'I'Im peripheral mmpartment :5 usually I.-an«
stimteé by thme tissues and nrgaaxxs which are
pmriy perfuaesi by bimd; e.g.,f skin} imnes, fat;

Figure simlfi depicts {he p1£iK?.£1&*dI’l.l§ :::mcemra~
man vemus time pint far as rapidly azinzimstered
inkrasxenmzs rims: af 2-3 hypathaxtical drug; whmh
exhiiaits kimstic. behavin: examplifiying a twcw
mmpamnent systam. Nate the steep daeline
of the gflasma cimg mncanfiafian xmzmé. “fhis
typifies the eiiszrfihutissra pf the drug {mm the central
mmpartmanr tax the peripheral compaztmmr.

mug

 
  

 

 Cemrai Fmpheral
CampartmaniCnmpartment 

Where:

Q‘: *1 Quaméty of mag in cenirai campartmena
V5 ==<= Vmlume ah‘ the centrai wmpanmmt

(3? we Quaméng of drug in perip!-«era? ca-mpmtmem
39;, *--= ‘>é*oIt;rne=: sf the. periphnsral mmpaarzmem

Pig. £1.13 Scfisevwafic rkffit t3:a3~mmpart?¢mr:ts;§r5iem.

PiasrnaDrugConcentration(mcgfmn 
m 3 5 §1.22:~s1a212.-z

Ha:-urs

Fig. ‘L16 A samiagarimnm gxlmtlm mmmmtim zzmns
time print 53:’ an frttmimxsasfgx mimixxistmd mg ml fhfloass
firsi syréerg ¥w¢~c::~mp::.ri:rn:flt p?mr1*rrszmk£'.~:e%.

Efmrfirxg this phage the rimg mmrzantraiinn in we
pfasrna ciectreaae mare rapidly than in the post«
distxibuiiwse phase, Le, nzaiixninaticm pshaae. Wheiha:
atnot this éisizihutive phase. is apparmtwfll ziepenci
ugmn the fimingef the piasma sampii-‘:3, particularly
in the time irnmediamly iailnwing admireisimtmn.
A ciistribuiive gzhase. can be very sham a few min-
utes, :3: last for kmurs and even days.

xx serniwic-gaxithmicz pint nf the plasma cm-
centrafiov. versus time after: rapifi intrazsenflus inn
glemtian mi :1 cirug which is has: éesmheé by a twa-
mmpamnent mszdel systam can aften be msrzalvrsxl
intcs Wm linear vmmpxments. This pra-mednre can he
"perzformed by the methmi of msiriuais {pr feathap
ing), Figure 451 ‘.3’. in this pmcadum, a straight fine is
fitted thmx;-ugh the tail sf the angina} curve and ax-
trapslateezi back in fheki-3265 (the value obtairvaci is
B). A plot is than mania sf the absutsiute difference
wiuea -::«f the original mwsz and the msuitant e:x:«
trapcalateci stra1ght§ine_'I"i1e shape mi {ha feathered
line («~a!2.3£I3} and the mrmapoiateé fine {—b12.3£I3}
and the intercepts, A and B, are r.ie:terrrs:ineci.’1‘hen
the éaiixrwing equation i§ mnsnucsad that deacribes
a i:W=3~mmpartrne‘nt system:

{Equaticm ri—«5}

2:? z .é.a»“3* + aw:

This is a bi-exp«:ms2ntia1 equannn whiszh describes
the twr2~—r:ompaxtrnent systarn.
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 F353*P9??? heuzwmvwmaPtssmaDrugCornzamraténnirrmgfmil 5:.)~13 W#-

Fig. 4:1? Tim iage2r:‘:!:;r«: ::5,“:‘*I:.»2 rfimgg m=.-aezmtrnrixtm m piazsmn
gzlmmc? zaerxna tfme fsafké‘ ling} szffisr mérnisantms rm*m§ni£Erx2~
rim 5}’ £1 émg aphasia sféspasiiian can be dasxzfifisd by a ram-
mrrzpczrmerzs mszeiai.

[n {his scherne, the ampe nfihe Ein-2,. 2.9., ~«~af2.303,.
nbmined from feaflmzring yiaids the siistrftmive
rare at the drug. The slaps at’ the terminal linear
phayz mt elixninaiiorg phase, 13., ~bf2.303, niescribea
the rate mi‘ less :3? the drug {mm the bx:-eiy. and usuw
ail? is mnsiciexfezcl to be 2 raflectima oi the matabnliz
preacesses am? Xena} walirnginaticzn fmm the bmiy Apw
prapziate pharmacmkinetic fcnzmulas aiisw the r:Iin~
ician tcz caimzlate ms: various miumes sf distribu-
tizm and rates s::»f distributinn anti elnnmatim Em

ximgs whose gsharmamkinetir; behaxrim is e:xempLi~
tied by rim zwxmcxanzparnnenr syytem.

Hafif-Lzgfe

The haif-Life {*Fm”} at a drug desmfbes the fime
mqnired for at tlmgk Blood at plasma cc-mremrakicm
in decrease is}; one haif."i."his {all in cimg mnvnentra»
than is at reflectisnn sf matabofic pmtesses; anfifm
rzxcrefion, e.g., mnal, fecal.Ti1e bimiogicai ha}?-«life
mf 3 drug in the bland may be tzietezrrnined graphh
caily afi of a pharmamkinehc pic: crf a drugs
i2v]Q£‘>£i~EC3I1»:ei1f1‘éfiiiE11't time pint, typimiiy after: intrau-

vencnnzs admirdstxaiian to a «sample f;><;:}311Iati:3rLT’hx
Emma? :3’? time mquirezi fer the cmceniraticsn C1
the drug ta: viacrease by name half is mmidereci if:

hadf-Eifr:.'1’he half-fife can aim be maihemarirrail:
datermineii Rfircali Ezzgaatisim £1»--3 anti rearrange the
equation as filflflwfii

1: . :2"

21353 =“- Lag Cg ~—~ Lag Cp = Logzf
ffiquaticm. 4.6

Then, if it assumed that C? is equal ts: crneswhalf :1
C299, the ecgxxatian W51} ban-isms:

K t W C9 _“ 0 .
“-“L-“E353 - Lag -figCg -« Lang 2 ffiaqaaimn #1.?

Thx.I¥5,

Em at == fligg Ifliisqtzaificrzt -11.81 £3

if this latter equaticm is rseanangeci, the haliilif:
finds ntifity in the detenninarmn crf {img eiimina
mm Exam the heady, pmvicieci mfmurse that the thug
Eciictws £‘;rs:~orx:Ler kinetics. Reazxanging me 9:50
&quat:in:m:

3 9.593
far:

KO; {Equatimn 4.9

Efiminazimn rate mnsrants are rzapmrteci in fiirne”
e.g., minutes "L hours“? Thus; an aiiminatinn cm
giant of a dmg is :33 hr‘ indicates that 30% mi tin
drug is alirminated per E19121:

The halfnlife wsaxies widely between dmga; fan.
some drugs; it may be 3 few minL11:e.<s, x-whereas» fa;
other drugs it may be hcmrs; OI’ ever: days £32621:
4.10). Data am a émgg bialngie half-iife are usefu
in dehernfining the most appmpriaire ciczsage rsegi»
man In afihieve and maintain the desixed blame

{save} $1? cimg. Such detertninatinns asuafiy result it
such remmmended ckzaaage gchedxfles for a drug, a:
the ring to be “taken mayé h»::mrg, 5 hmnrs; 3 hcrurfi
szmhithough these zypes of remnmrnandaticrns gen-
erally suit the requirements reef most 5:-atimts, me;

do 119% suit ail gakiems. The mast excepficanal pa
’t3!2£’l5;3 z:z::=:1Iu:rs:: wit11.mr:iumd mt unpaired ability to:
metahafize mt erxcrefsz cimg;:«;.ThE3se! patients, garter
ally auffaring fmm iivvar cfiysfiincizinn in? kidney dis-
ease, retain the ariministarezi cimg in {he bionci an
fisaum; far axtesmied pericmis; of iime due is ‘their :12?
meased ability is eliminate the drug. Tine re-sniiing
axtanciad biaiogic I*1aIf~iife cfthe timggeneraiiy ma»
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Hasage Fm-m Dmzigm Biapfismmmiéic aw? Pimmacakénsiic £?<ms£de1xza‘:£+:»z»:s E3?

Tahie $.33. Same Elimination Halt-Life ‘iiaimes

lfimg 5::£tstzz::::ax?ra:im‘ Eiimirzaxfxra F:"::$L:}Z<z'* (rm;

Aceramimphsm mimal) 1-4 hmm
§,AmmxiI} 1 Imus

autaharbitai Sodium
(Emma: Sodium} 122:: hams
Cimatiriine ffagpamaz} 2 hams
mgiman cczysmaigmg 7.9 days
Digoxin (Lanmainj 15-3 gtags
Diltiazem {Cmdimmfi 2.5 hams
11:~upm£err (Marxian. 1.8-E hours
Enfiamethacin findecin) £5 hmrs
Lithium Carhanate ffiskzlithi L’-Q h-tram

Ninnglycesin (Trick?) 3 minnie?
Fhanytein Sodium iflilaniini 3*»-251 hmxs
Fentebazbital Smiinm

tfmmbutai Smdinm} 15«S£f hczurs
Fmgoxyphem: {Damian} 15-~12 him:-as
Pmpranam H423 (Imierai) 4 hams
Ranificiina HC1 Ciianztazté 2.545 hams

Thtziirphyliina CThr:w§Z>ur3 :3:««15 hrzn.-1:3
‘rabramy-::in Eiulfate {Nebr.i;r1} 2 muss:
Tnibutamide gifirinase} «$5-»5.5 ham

‘Ed.-am average, :21‘ value mngeg taken imm
Eczrna.-mm fzmmci in Piwgsicistazs’ mi: Refmzrtxra 521-ed am
‘[998. Meriicai E-mmzsmirzs Data. Mam-me, New Iemey.
Hal?-Iife vainea may vary éapmiiing upan patkimt charac-
wedsfim (age, Eva: car renai hxnztinn. szmcking habim eta},
dam levels arimirxismeni, anti scrum: crfadnfini-ztrafim.

*AFhe££ intrmenmm ixxfmzaian; nitsagkyrzerin is rapixfly
merahnfized m ciinimxtes amfi rnv;>:u:>rxit-rams‘

cassitates an irxéivichzalised riasagr: regimen araliing
for less fragment dmg achmnismfian than that
called far in patients with animal pmcesma r:3£ cimg
eliznimfiom :3: am of the usual deaagg:
schedule, but a decrease in the ammmt mi drug afi-
tmrfisiared.

The drug presents 31 gcmci example of .2
ximg having a h3,If~life which is affeacteri by the par-
tienfs pathniogin camditiun. Dignxin is eliminatesi
in the name. Renal mzxzrafien :31? digoxin is gmpm:-
titmal his girzmenflm fiirrakicxn me. In subjazcts wifh
nnmai 1:»».maI.func§ic:rzx, niigxaxin harfa haiféiife at’ 135
me 3.5 days. in ammlc pafients Eabmnce mfurine {us-«
maiian}, the ha1f~LiEe may be pmlcmgad in sé in a
siays. Iheophjyflfine 313:2: demmnsirraies diffedng half»
fives dependant upon certain paiiem pnzrpulatizms.
En premamre infants w“it’c: iznmamxre Emm rrnzymc
systems in the ztymchrnme F~«&§£3fami1y,, the [waif-e
Life vaf theaphyfline ranges mm 14 in 58 hmm.
whesaas in ymmg ashilcimn between the ages cef T1 m
4; whose liver enzyme systems are mm: mama the
ttnampmrfiine haifllifaa rangtrs bewm 2 Ear 5.5 hunts‘

In asiult nansmakars, the ha1f»i§fe.=: ranges fmm +3.1
in 12.3 hunts, whareas in adult srrmkms the aver«

age Ewaif-fife if iher;-phyiline is «$3 1maars.'I‘I1£* £1»
crease in iheogihyfline clearance from the bail}?
amxmg $m<:ti<::-1:5»; is believmi Ext: be due to an imiuc~
mm of the hepatic metahczlism mi theaphyI}ine.‘I'he
haiffife ccf tlxemphyilzlrze is cietreasefi arid total bed}?
ciaarance is enhanced in szzth a degree in -amskers
that ‘E11932 inxiivésiuals may acmaflyrequire a 53 km
190% increase in ihecsphyliine dasaga in» pmzixsce
eriecfiws zharaggeutie reszzits. Betssmzn 3 mstmms
and 2 years may ac‘-maliy be required ta normalizes
Liv:-I: effect of smacking an thecrphgrlline metaimiism
in thee bmiy muse ‘me patient amps smacking. Sew
cause theagzshgéléna ig mambnlizad in the Ever, the
haifdife cf tlzacphyiline wii} be extended in liver
disease. Fa: eztszsnple, in one smdg 9 patients with
demmpmrzateai cirrhszvfis, the average flxeophyiiine
I::a3f«1ife-. was 32 mars.

The halmife ear" 3 drug in the ‘blend stream may
alszzz he afferrbed inf; a change in the «extent ta which
it is bmmd :42: mend pscztein E11‘ ceiiular mmptrmenrs.
Such a change in 3 drugs binding pattern may be
brought about the adminirafzatimrn Q2 3 second
cimg having a greater affimity than the firm ximg for
the saline htinding aims. The resmit fig the di5pla::e~
mam sf the firs‘: dmg mm ii-Lesa sites by the sec»-
cmd dmg and &he suxiriazx availahiiiiy QE free {um
Emund) drug which may pass farm the island stmarn
to ccthar ‘zmsiy sites, influtiing these conaemaci with
ma eiirninatian. It s5i1e:m§£:l he nmati that 11118 dim

planernant cf csrzse drug fmm its binding sites by an»
aims: is gemzrafigx vieweci as an Lznéesfred event,
since the: amcmzxt (sf frat‘. zimg rzasuiting is gr-23.23:
flxan the level nermalljg achiesved timing single xirug
therapy and may result in untmwaxd drug efiects.

Concept of Ciearmxce

The three main mechanisms ‘by which a cimg is
rammed ex: clawed Emm the body incfude ii) the
heparifl mestabszzlism, £33., hepatic clearance, £39,, QE 3
émg up either an active :3: imrfive mrtahalitsa. {E}
the renal es:cra*ti::tn,. 1.13., renai ciearance, C1,, of a
mug umxhangeci in the mine, and {3} eiirninatimn ed?
the drug inm the bike and subsecgnenfijr 2:11:42: the in
iestimes Em azccmfim in. fem. Pm aitezmata way in
expmss this rarmva} or eliminaiicsn {mm the izrcxziy
is tr: use:-: mm} bani}? clearamze {$231.3}, which is defined
as the faction av!‘ tha t-ata} mimne ca? distrflrvuiitm

that? man be ciaareni pct unit time. Betause must
cfmgs urban acimimistered will unciargsn rang 4:2:
mare QE these prmefism, the tczfial be-:33; clearance;
C19, {xi a drug is the sum :~E thasa alaarancesy 1:su—~
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133 mmge Fem; iifiesfgaz: Sshpézamacexzxk: .2-M ?}¢r3fi?iz2tk3§ii?3e2f: Cmaidmzfiprea

afiy Ezepafic, C1,. and renal cieazanrzes Cir Ciearance
via the biie and faces is uazualiy not significant for
mast cimgfi.

*1‘:-12252 prmeemes «:21? Eliminaziem within the body
wmk t-together and cnzsnssequently a drug that is
aliminareci by mnai excrefinn anti hapatir: bit»
tsansfnnnafmn W53} have an cmerai} rate -:::vFa131m‘~

nation. Kfl. ‘chm is the sum mi the name} exrscetizm,

kn, and hepaiie hintransfmmafinng km‘ In the one
mznpzmrnem mmiel chescxibeci garliag mm? bead};
clearance is the prmmcrt 0f the miume nf ciistribw
utirrnmg, and the ximzrail rate :31’ elirttinatim, Ea:

(33 == 31 :2: kg} (Equafiau Me)

But, recall that 1:3; equals i3J393€’E3,3. If this is 31.113313-
mted inm Equatian éxii}, am: me m1'<,>‘e3.for the
ha1f~ii.fe, tm the foflmwing equativan £5 rzbtafneai:

W 3.593%;
:13: “’ ma

ifiquafion $.11)

Kasai} that tests! body ciearanczsr is a fumrtri-zm {sf one
atmine pr-zzcessas, thus if a drug wema elixrxirzatx-xi
{mm the had}; fiwrmngh hepatic: himixansfmmzation
anti renal Eiearanne, Eequaticsn 4~«‘£iI becomes:

: m ~§*§g§—g'3- _. uatimn 4.13
1}: ab *9 mt }

Thus; a c1r:1g’s haiblife is directly pmportianal to
fhe "mlume cf fiistzibutisan am} imerseiy prepar-
fixtmal tn the fatal §:sc-xiy clwrarnre which is com»
grriseci of hepaiis: and renal clearances. Iillrxstxatively;
if one consitiars infants and shiiciran. when exhibit

Iargermlnmas Caf distributimi and have imwrer clear-
ama vaiutzs, drags will usuafiy ham greater Half-
fives that‘: fhat exhibited in asiults.

A éecxease in the hepatic £31‘ renal clearances
Mi} prscolmgtrhe ha1f~1ifrmf&<iI11g.’I3:1i3 typia‘:aI}yo::~
cuts for axarnplafi in renal faflure, and mnsequenfly,
if one can estimafe the penrentage decrease in
extiatinn fine in renal failure anus can use Equation
442 to calcuiaie the nsrw halfwliie =2:-f fine drug in
the pat:ian:.'I’hz1s, an adfusieri dosage regimen -ran
men he calmiated ta clecreasa me shame of simg
imzictity.

flosnge Regimen Crmsisiemtians

in the previuus chapter these: Eactms that can it':~
finance the éusage ::«f a zzimg ware maniia:2ned.The
question :31‘ haw much drug anti haw after: I:»::- ad-
minister it fczsr at desired therapeutic effect is mt seas-«
ii}: attainable. Emsiealiyg {hare are have appmachas an

the dearelapmaxzt of image regimens. The first is
the ampiriml mpraash, which involves the admin-
istration af :1 dmgin a c:-main quantma naming that
therapeutifl reasgnnsa and than modifying the
dcss-age :31’ drug and the aliasing interval am=:»r»::l.-
ingly. Unfmmnateiy, ezqaersanc-ewiflx the mimirv
istratimx :26 a timg nsmzliy starts with me fins:
pratienf. and esrenmailry a mfifixzient number of pa~
flanks racaive the drug 3:: that a fairiy accurate
predictirm can be made. Bfiésiiif-35 the desired the»-
apemie: effect, -mnsid-xzrati-an must also inwmhre the

nccucrence ami seszexity mi side eféects. Empirical
therapy is usualiy szmpimyed when fhe rimg ::<:~n~
nentrastion in serum or pfasma does nut reflect the
mnflemratfcn rzf cimg at the receptm Szitrz in the
Izmizziy; or the pharmacmdynaxnic efferzk sf the drug
is not reiatecl (:3: mrmlated) with the receptctc site
drug mnrsentramsn. Empirical therapy, far exam-
géa. is utiiimti far many anticancer drugs that
demanmate effasts iong after they have been ax-
creteci from the bxzaaiy. It is difficult in rziate the
semmTem:1«r>fthes& drugs with the desired thera-
peutisi affect.

The semnc} agzpmaczh to the nimreiopment sf a
dxltsage regimen is ihrflflgh {ha um sfpharmamki»
netics :21" the kineiic appmach. This appmach is;
based ms. the aasumptimn that the therapeutic and
tfilxic fiffacizs of 3 rimg am miateci m the ammmi Inf
drug in the hardy as m the plasma (:1: serum) <:csn«
rzantratirm nf simg at the recapmr site. Thmugh
rrareful phannaccskinartic: evaiuatimn af 2: drugs ab»
smpfiom siistribaztiom mratabafism ami axzzeticzn in
the "handy fmm 3 fiingle dcése, the leveis :31‘ drug at~
tained from mufftépie dnsing can be estinmatedl Circe
can then. rielsezxnirae the appropriateness mi 2: dusage
regimen m achieve 3 ciesired therapeutic mncerh
traiian af émgin the Brady and ewsaluaie the ragim
mm based upon tharapeuiéc respcrnse.

When cane consiéers the development ofa ::Ios-age
regmert. pharmacukimeiics is but me zzrfa number
:2? {asters that siwuld he cansitiered. Table 4.11 31-—

iusirates a number of these. Certainiy an important
factur is the irahemnt acfivity. in pharma-:':ox3}r—
mmim, amt‘. tarrsirzitga, i.e., kmxicnlmg surf the flmg. 2%
seccmd considaration is me pharmacokineticfi of
the ximg, ‘which are influanccd by the nimsage farm
in whitzh the drug is arixninisteraxi ta ihe patient,
ag, biapharmacantical considmatiansk The third
factor {muses ngm the patient hi: Wham the {img

wifl be given and ancmapasaes the ciinicai state caf
the patient and hm: the patient win he managed.
Lastly. atypical faatnm may influence the dasage
ragimm. Cmilectivaiy, ai} of them? facmrs influence
the éosage regmen.
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Table -1.11. Facmrs That Determine at [image Resgisnerfi

Acfie:i£3g~Tnxir:i£y flizxerrgxzzcoilsinzaitirzs

Minimum therapeutic tin-sea ahexzzptinn
‘Kiwis (mas Distributinn

Thtzzapaufzic inxivsz; i-aiembeiiam
Side effects Excrefim

I}::«se~res:pr:~m:e xelatimships

Dosage
Ragiman

Eiinfmzi Frzcmrs Ofizer Facfars

Cfirifmi Siam :)jP:z:é2:1£ Mcsmzgmxmt c;f'I?2emp;:_2

Age. weigh, Lurimz plri Multziph‘: zimg therapy iizxiarancerdapamixance
Cmnditian being treareti Cmveniance nf mgimars Pharm,amgene:fic§—i<iims}tn:::as}r
Existan-ca xzf arher ciisease states Cmmpsliance cf patiszm flmg inn“-sracfimws

‘fiirpimteci with purerzrfisximn Pram Rtywland M Tamer "IN. ifliirzirai Fhaxmamifinetits. End Eai I‘hiIax:3e‘{;:hia: Ma 8:
Febigxzr, 1939.

The fizzsage regimen of a cimg may sixnpiy in-
mim the administsaticm sf a drug cmce far its de-
sired therapnmlzic efiect, e.g_,, pizxwmm mezfiicatzitm
£11‘? en::r3mpas:s the arfimtnisrrmrisn :1? dzug far a spa»-
nific time Irhrmzgh muitipie dams. In the lam:-r in-
stance, tha abgeeitive cvf phaxmamkinsti: dmng is
be design a damage cegixnen that wiil mntinualiy
maintain. a dnxgs therapeutic serum or plasma
cmmentratian within the drugs therapeutic index,
i.e., abmee the minimum saffestive c-ancannratien
butbeiaw the minimum mack: iavel.

Frequently cimgte. are aciminismzeci between 1 to
4 times per day; mast often in a fixed dose, e.g., ‘?5
mgfi times tiailj; after mealszfls meminneé eariien
after a drug is administered its level within the
bad}? #31393 because of the influence of afi cf the
pzmemxsm, e.g.,. ahzmrrptiun, dimihutiam rmztahm
lists and E2J:1:IEtiC3n.A drug wiil accumulate in the
bad}: when the tingirxg ‘mtawal is less than the time
neeéed far the bczcijr to eliminate a singie chase. Far
axampias Figure 4.13 films:-rates the plasma canteen ~
tration for a drug given by intraventrus administra-
tiam and ma} admi.n’Es1:ra tiz:m.’I'he 53 mg dense {if this
drug was given at a aiming interval of 8 hams. ‘me
drug has an aliminaimn halféife at’ 1'2 hams. As
om can see with mntrimad rinsing the dmg mn-
azentmiim reaches a sieaxiy state {Ir pimezzu mncenw
kraticsn. At this limit the ammm: czfdmg lust per
nawal is mpfienishrzd when ths mgis dosasi again.
Cmnsaquenfiy the ccmcanfratiim ref drug in the

plasma or semm flatmates hamaen a minimum
ccmrsemxativzxn and a maximum conazentratmn. Thus

far szmain patient types it is upfimal 1:23 target s:ic:;~=,~
ingsrs that the piateau tznncrnsmu-atirzn resides within
the itherap-mafia index sf a cimg in maintain 3 min-
imum aeffecztive crsnxzenmafiun nf cimg. Fm: emmpl-er,
ihe asthmaflc patient maintained an zheuphylfine
must have a semm mncentxation bameen ii} and

23 }.s.gfmL. Citheztwise the patient may he su5t:epti-
hie fa an asthma attack. Thus, when dosing the
asflimafic patient it is preferable tn give thew
phyiline aa*sr:~u.m:i the clack #1: times daiiy m sustain
1m}; at Eeast abcme the minimum efifective c::m«
srantratisbn. If an the mther hand this meaiicine is

only atiministereé ever}: 4; hears durmg the making
hams, it £3 pmsibie that the minimum cum:em2'a-«
mm will fall beimr effective ievels between the at»

iaedfime tinge 211:1 the next mmming: Lissa. Came-
quentlyg. the patiem; may awaken in the snizicfle oi
the night and axhibii an asthma attack.

Patients ::an be mnnitmeci ghannacakinaticafly

thmugh apprapxiate plasma, serum at)!‘ hritmri Sam»
pies, and mama hsspital pharmacies have Kayla»
merited phaxmamkixxetic nsicxsing s.erc.rix:es.‘1’he in-
tent is 3:0 mmiirrflsse dmg eifimcy. minimize dmg
tszaaiciity and keep heaith care tests at a minimum.
Thus, for eyzampie, mmplicarims sssmtiated with
rzrmardccse are mntmlled £3: dmg interactions that
am krmwn ta mzur. e.g., stmicing—theophyIJine;
can ha mtmmmndated. in £323.93 st:-wines, Ea: examw
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Ii

{-3

PlasmaDrugConcentration (fllgllllar) N 
PlasmaDrugConcentration 

Fig. 4.13 Plasma cuxlczrrfrntian ofadrug inmwenmxsly
(tap) arm‘ omlfy (batmnv an afirea‘ dose of50 yrxgmndfimd das-
ing irzl-arm! o_f3 hours. I11»: half-lgé is 12 hours. Nate JIM: the
arm zmder the plasma ammntruflnn-time awe during a das~
mg fnrerm! rt! steady state is equal to the tuna‘ am: under the
cmm-finrn single dose.'HzefluL-human afllm mnrentrrtfim isdi-
minished Islam given orally mat;-rye: qfnbsarptrbar is 1.4 hours)
but the average steaa'y—sm:e carrcentrnfiawz is the same as that
afler inrnmenous adminisimlion. since F = I. (Rzprimai with
pmmissian from Rpmhmd M, Ibzer TN. Clinfsat Phnmzamkrl
nefics. Philndziphirz: Lea 5' Febiger: 19391

ple, unce the physician prescribes a certain aanount
of drug and murfitors the ciinical 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. 4.19 Compuhzrized gas chmmarogmphy mass spec
tmmelry used in bioanaiyliml smdies. Consists of Hamlet!
Packard Gas Ckmmafogrzzph (Model 5890 A) man‘ VG Mass
Specirameier (Made! LIG I2-250). {C0lln‘esy of Efan Corpu-
mtion, pic.)

 
Fig. 4.20 Assay of biofogimi fluids using Waters HPLC
High Performance l.1'qm'd Chranultogmphy) system consist-
ing of (from Icgfi‘ to right} Aumsampfzr (Made! 712 Wisp].
Pump {Model M-45), Shir: mdzu Ffuorzscmme Detector (Model
RF-535}. (Courtesy a_fEIm1 Cor_wm.*:‘rm, pfc.)
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Pharrnacczkinetic resaaxch has xziemrznsircateci that

fire detmninazmn :35 as patiezws damage regimen
ti&§§E’I1d.‘.1 can msmerous facmrs anti daily dam fer»
mnlas exist far a nmmbe: :3? drugs that must 12:: ad-
minfid an a rcswtine makttenance scheduieg

e.g., niigmcing pmcainamide, zlxaaphyliine. For :22’-
iain drugs such 35 iiigixxin, whim are met higlzljg
lipiii sczéubie, if is prefierabia in use a patient's iean
hs:::i}=‘* Weight {LBW} rather than mm: body weight
fI‘EiW} ta prmside :2 berm estimate :21?’ the pafierws
vcfinrrxe af distributim. Aikemafiveiy, even though
phaxmacsaldnéziic missing farmaxlas may 9263: um-:2
must be cmgnizam: that pafient fa.-mzrs may be more
relevant. Far example, with the geriatric patient it is
advisable in begin drug therapy with the lmaresi:

passihie class and increase the dczsaga as necessary
in small incresnnents to mpiimiza the patiemfia: ::§ini-
szai re:~:pu3nse.‘1’i1en the gzsasient ghnutd be mbnimred
for nimg afficacy anti reevaluated pse:=is2dir:ai}g,r_ 1332:-
amplras nf bioanalyfiaal reseazth iabcsratmies 3:12
Shawn in Figures é.1*§‘ and «$23.

Rgfmemxes

E. i2‘2ag§am:rijN,. Efianeswsan MG, Schasteen C33. Amt?-rial :91‘
human small izmzsiirxai absaxptiue cans 1: Tkanspart
Ba,::it::.. Fhasm Res 1991;3:21S)-£1!§.

E fltristarnsen FF; :5; aI.TEw: use :3? gamma atintigraphy
m 51311::-W the gastrtxinteslinal transit 3% 9hanna::m:ti~
ca} ft-rmulatics::s.})$*§1arm ffinzrznacal 1935; 3”?:91-95.

3. flange A3‘, Davis 53, Wilding mfiaxianm in gasfrcaim
t-zstinal msnsit mi phamamutical tic-sage isms in
haaithy §:1bjecf$.Fham Res 1Q£91;8:3éi3»~3r3¢.L
Fmzle L Eur: “mar ms 196%.: i{}:292~3~£ka.

Cmie af ?e:si+s:a1 Eegulatims; ‘mi: 21. Fan 32%}-
Bi-izavtailability and Biaaquivafienca Reqnimmanis.

5. Chafing DI, Zfs‘:‘t,%nrn AR“ ‘Emits iiif Binavaitahiiign
Kzzlamama, M;’I“ne U;3§:::Em Company. 1*%?3.
53?. Drug Bullgtin, §986;16,. Na. $1.956, pp ‘it-1-«I5 .

S. Smith H]. ’§‘s:c~::ass of mug E-is-mdling by the Brxiy. In-
Imchxctinn his the ?fi1'1'E:ipl1.3B tzf I3-mg Ueggn. 2nd ed”
Lzxncinn, Bmaarwmtix éc ($0., 15333‘

9‘ Caspar JW. Manimring mé‘ mugs and hepatic stams.
Cimicai Cszmsmii 1991:1412! (£3), 19531.
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