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Chapter 2

PI-IARMAC()KINETIC-PHARMACODYNAMIC MODELING

OF IRREVERSIBLE DRUG EFFECTS

Steven C. Ebert

INTRODUCTION

The mathematical relationship hetween drug ceneentratien and response generaliy assumes drug

binding to it given population of receptors. Greater ecettpzttien of these receptors will resuit in 21

greater ei‘f'e<;t, and vice vet'Sa. The t=*z1t‘iahility in t‘ecept0t‘ amiiity accounts for the nottlineat‘ t’et21ti0n-

ship izetween eeneeutration and effect.

l\v’l()Sl reseztrelt imtel‘~.-‘ed in the Clt21t‘E1CE€i1’iZétttOI1 of phamiaeetiiynarnie vztriahles has heen ( one with

(;lt'LtgS exhibiting reversible et't'eets~;. With reversible drug et‘t'e<:ts, the number and drug 21 Tinity of‘

reeepters remain l’Cl2tti\’(:l}’ constant, aliewi g 1‘epr0duCihle etifects with repeztted drug (3><p()St3:‘<i1£«;. In

certain instzmees, seitsitizatien 0:‘ i<)lt3E'altt:C to the drug effect tmt}-= occur.

In eentmstt the goal of antimicrobial therapy is It; etiminztte the ’-sery target at whieit ti e tttrttg is

directed, i.e., the “receptors” are actualty he pztthegenie orgzmisms. The de.°.ired ettee of drug

therztpy, the death of pathogens, is there ‘ere i1’I"3\‘€;i1‘§$il}l€. The repliezttiott of ()i‘gE?t§’3lf»1‘m§§, with

subsequent replenishment of the “receptor” t!l1ti)Ct‘t11€t}‘ occur, ltewever, and result in an 21 uparentiy
1‘evet':~;ihle effect as mea.<;tt1‘ed by the total number of ergztnisttts. In this sysitetn, the development oi’

telerztnee er frank resistzmce of the remztinhg “reeepters" is more likely t(}'()Ct1t31’, since the mest

susceptible C)t‘gE1ttiSmS are killed. Therei'01‘e, it W€}ttl(l he expected that Stifiiatintltl expo}; ire to an

2mtit‘ni<.:t‘0hial wotiid result in it gradtlally di nini:~;hing effect over time, unless E1 sufficient drttg-free

period exists to enabie the €}!'g€tItlS!‘£1 poputzttim to fully recover its susctmtihility.

Figure 1 shows the relzttienship between l1Z11‘I‘tl£1C0i{tt‘t€itiC \:ariahte:;, pharmzieodyaminie Tl(:2tSlI!‘{;i§L

of E1tttimi<'.I:’()i)t£1i ztetiviiy, and drug ettect. Intuitivety, i1”tCl‘€E1Stttg the {lose of an atitimicr<:»bitt1 shotzid

iIt<3!’C£1S€ its effect. By t1t1(l€E‘S{E1t‘ttitI1g the pliarmaeedynamie features et’ at given elites ef :1 ‘tti]t1iC!‘()~

hiztts, one t1’tE1}’, lmwexrer, be able to l111'ther enhance {)tlEC()mt3 by rttettifyiuig dosing pztrztme ers other
than time size, e._g.t dosing fI‘€3(}tt€I1C}*. The plitztrma<:(>ttynmnic properties; of 2t!}itI‘ttiC1'(}l.>i£1l$ 1113;‘ be

estimztted ex: t-'!‘1'(), W‘i}{3l‘tZ2tS for other drug etasses, response must be estimated in vivo. This eltztpter

wiit address the plttmtitteekinetie and pha:“Inae0{1yn21tt“:ie properties: of ztntimierebiztis wifeit iettt1~

enee drug z‘e:;1:)ett'::e, witl <;l12t:'z1cteri;:e tirttg et't’eet;»;, and wit] then exztmine teehnittues that have been

used to link these [}i‘1{3fi{)lTt€i1tt.

PHARMACOKlNI§’t‘fC VARIABLES

The ph211‘m2te0i<inetic varizthies: of :1 drug (ietermitte the time t2()!.It'St3 of drug Cc:meentr2tti=:>n in
serum amt, uttimately, at the site of infection. Twodit't‘ere11tcategories et‘ pitamzeeottittetie varizthies

exisi. Some pi12t1'tnaeel<ine1ie vztriahles‘. {"3121}? be altered by atijusting the dosing regimen, wheretts

othera; resttlt from the eitettiieztl pa‘0pe:'ties of 21 pttttietttztt‘ itrtlg, Elhti are minimally intitttenced t.>y

dosing regimen. In the etittieai setting, tmtdifictttiert of regimeti-ttepentient ‘>2'E11‘i2tblCS is the gent <31’

phztrmae<)l<i1teti<: therapeutic drug menitet'in_t_z, in ertiier to achieve the desired ceateetttmtien pro»
file.“

I{EGIMEN-DEI’ENDENT V’ARIAI3IJ1?<§S

Meet zmtimiemhizitz; are adinieistereci itttermittently, i.e., :1 givett total deity dese is divittetl and

the fi‘a<:ti<m:; given at t’i><.ed itttewals. The three pht11‘mz1t:0ki:teti<: varizthles that may he used tee

It :,rxn§§t)
l‘}‘)5 by (‘RC i’n:>:t lIIi:.
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