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Plasma level

Area under curve
\

Dose
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(Saturation Kinetics) .5
) ELS S ) aiS oo 9y S 4250 S Sl=0mb S0
(b3 »¢) A = Saturated kinetics v

(sk>) C=Dose Independent Kinetics s

S el dose normalization g, Jas e 5l as S aseis Glp 500 b,

NON- (o s5ae Wit 51 o digdoce Bulaio v (3, Aot il (b SinS 51 .0iiSe AOSE s s |, il

Pharmacokinetic parameters
for a drug would not change
with change in dose

Pharmacokinetic
parameters for a drug can
change with change in dose.

Dose Independent

Dose dependent

First Order kinetics

Also called as Mixed order,
Saturated kinetics, capacity
limited

All semilog plots of C vs t for
diff. doses are
superimpasable.

Not superimposable

fey e S oly .l )8 linearity
595 ply yo Cbale o)

555 iy 55 AUC s, Y

Dose normalization. ¥

(GO &0

semilog ,lsses -first order kinetic-dose indipendant : L=

ceol sSUperimposable (1 il slajgo jo lcdale

mixed order (e po yie edile S (ol )t Jas
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superimposable .| il slajge ,o bcdale semilog loges
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Table 33-1. Examples of Capacity-Limited Behavior for Various Pharmacokinetic Processes 5‘
PHARMACOKINETIC e é'Q)I/
PROCESS!
PARAMETER MECHANISM ENAMPLES f./p 1% 2/ -
Absorption Saturable transport Penicillins, riboflavin i Gretinr
Intestinal m lism P i i - —
testingl metabo rodrugs, salicylamide =, ~ P M
Distribution Plasma pratein binding Ceftriaxone, prednisolone Sl -
C5F transport Benzylpenicilling - n
Tissue binding Pradnisalone —h |
Cellular uptake Methicllin F‘B“‘)’lw!m_
Hepatic uptake Indocyanine green 0
Metahalism Saturable metzbolism Phenytoin ® QVEJ——‘) 'uii o = &
Product inhibition Phenytoin —
Ca-substrate depletion Acetaminophn L]
Plasma protein binding Prednisolone
o i Yo — nwtove = <
Elimination Glomerular filtration Maproxen o D
Tubular secretion Mezlocillin, PR ©
y s Tubular redbsorption Cephapirin, ripoflavin o b P
Ipe nbio (i Biliary secretion BSP, indipamifie e C
- 7 «—*Biliary recycling Cimetidine, isptretinoin o =
Response Saturable receptor binding Phenytain

:Handbook of basic pharmacokinetics

g% a5 0old S8 1) Slo e il g o Jlo .ewl00,5 7 ke I SledbiTesponse > g ADME 5 50 ;0 YU Jgo o
@ Jlas] peaslSKe (SeoliossSle,18) o TESPONSE na (1595 8 (59,0 40 (398 Jgo Gub 09 oo Slul as e SiS
56 0 Jpaze sy g Conl (s 5 5 bl (o0 00isd gledl ] pudilio @2 5 ol onigd gldl & j90 @y il olml 5 00 S
359 0 S OS5 (5 o e S (LSS (Sl ot ik o ol aze a5 e ) 955 e Sl S
&lodg) poadglio g o] JUl 5 & (pagMg ; aiile b (raaling 51 gl g Crabemms iy 0550 yotemal ugale (Sloys slo
@ y @ Sydisn (bt Wgy el 5 lap] Gdz g conl saigd gldl gl

g aslllae Jom ) QLS YV Lad el & j50 50 5 YL Jour ¢

S1ee,lo saturable transport 8y Mo .o s pgs Jloms (29,10 OUSG o o ls saturable pu ol a5 slag,ls ¢

Sy sla clale ssgaxa o s> (disopyramide)assl psps g9l plasma binding protein (e o5 51k

Dy o 590 IBI L o 5e8 e Srali8l o g 050 o0 gLl
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(dicloxacillin) & plowluS glSos sl pds glosl g (i) active secretion ,s5b cow a5 renal excretion JJs 4k

5 gy alS LT (ST il lS 90 (Ral3EI L 09 oo el a5 Wl pdy Ll padsslie 55 o (Joibl 5 (i 8K

oS oy |y Oglite sl alyl g 0usS (soten ) Ol eailgn b caliie slo e g g0 axgi b

Cause

Drug

Gl Absorption

Absorption is carrier mediated.

Riboflavin, gebapentin, L-dopa,
baclofen, ceftibuten

Sial33 b Yaane ylsS olSius 10 Jaloee o8 gg,ls SeiisS

- J93b (sl I 5Ll Jle g ge (o g 0
Vate

relatively high dose

Drugs with low solubility in GI but
g g v — D gl (Yl yf 1S b

Chorothiazide,,griseoful)/in, danazol _|

attains saturation

Presystemic hepatic metabolism

Propranolol

- o
Llgs o0 0,10 9l b souS Jol jgue 1S 29,10 uiren

oy albu—o jlam Wb e 5 Jle sl il By as 0gou slp 380 slesaly g Bl Sgige ) p a5l lagyls ]

2l 93 090> 13e b LIS j5bo 4 g cl Dgliste 2 g (g o Siaamgr S slaldé jlam Jolgil g Cmax og b b, as

Bgdiee plp V=V sgam clile g wijls bag)ls cnl b ) J5Io5 G yiin lacnsSg w398 o

R oy s s Sl Yge Julge

Distribution

Saturable plasma protein
binding

Phenylbutazone, lidocaine,
salicylic acid, ceftriaxone,
diazoxide, phenytoin,
warfarin, disopyramide

Cellular uptake

Tissue binding

Methicillin (rabbit)

Imiprimine (rat)

Saturable transport into or out
of tissues

Methotrexate

Renal Elimination

Active secretion

Mezlocillin, para-
aminohippuric acid

Tubular reabsorption

Change in urine pH

Riboflavin, ascorbic acid,
cephapirin

Salicylic acid,
dextroamphetamine

Aol 9300 9 B)lg g (8
(G553 el e 1ol iz ¥

(Ghse 59 ot o] 1iile L & gls Jlasl Y

Sl g pgie :aile . Bbiyg p b 9,0 pdvglodl oYl 4 Jas f

Sl S ygaedgiall )y yalsgl o Jlad il 5 (39 5k 51 &80
TR %] EWRVEN U GUSI VW PP O PYP PR E 354 P

wl.-.o,oijj.‘.w.g«) GM‘ WL.J :)bé‘ pH )é ).«.».b
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Metabolism o2 g > e SAiLS 9_31936,0 o2 Sol,e 43
Saturable metabolism Phenytoin, salicyclic acid, S| s 5,00 0 <Jl> cpl e o Enterohepatic Recycling

theophylline, valproic acid )

Cofactor or enzyme limitation | Acetaminophen, alcohol 1> g pd ey 5 cale 218l Sy sl STl a5 e oo
Enzyme induction Carbamazepine

Altered hepatic blood flow | Propranolol, verapamil ol gl b Jie o G S s i P S
Metabolite inhibition Diazepam ol SuiiS €95 ol jap—iio g SL DS e aniesl

Biliary Excretion

Biliary secretion lodipamide,
sulfobromophthalein sodium (e . .

- . . P p —= A8 o g 0l 1ae 0,95 Las o YO-Y. sauS 95 L=

Enterohepatic recycling Cimetidine, isotretinoin

Obyz Lag sowsy o 1V o a0 5 Jdgil gy (s (o0l 8 Do
alS iy IS oK (55 bz Sy b alKin S ojdplie | gl Ao e b S 5 4zl Lil3El (g5 e

g ydg, lag time <G b o9 (50,5 4 ] 89,59 9 wde il 08,95 29 sl = ol o STade fued 4.l oo
g oo (IINCAT &4 Cd) (6 5 gmy Ol yts Sl el S 55l s non-linear o i35k 6

sl el A Jl ol adl o 8 SailS wily oo aliBre Gl pun il b g alizes Jle a5 o g5l0 51 L o

Lo 2 ! Ls Lo € d"’/ r::""ﬁlf-(_((-n(_yﬂ[/; P oS e s i S o ], Galis
S AN G P7 I t b d SuiaS o L yiol )by s

i i eedlyies Lo B odle o g1 oo cassy B S5 casly s d oS 51 5 ano oo i |, s SonS A S
Al dialg oold rsgi aS oyl Sledbl 4y 5Ls ISl gl aS @i oy 0 |

Capacity-Limited Kingtics
First-order Kinetics wath large dose

saturation
(enzyme) kinetics

kinglics

first-order
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Michaelis-Menten region
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Elimination rate as

: Drug concentration or mass of drug in body /03».: s ).D..a 4'?)0 M‘)ﬁ ‘\M “bb w‘)s‘ Lglo )'50 45 M 9 (‘ABO WB)
N "C("‘L - \/M“l X A
7 Y oleo

:M)b qu}Mﬁ)‘Q&JW)J

9 6 ool ol o 09 (oo )-la-’ B0 Cp )‘ 9 Sl S az)o J“-")S S ‘9)“) Bl Sy ‘mLfCP<<Km)§‘ :JB‘ Al

Vmax

oS o i K’ Joles 1) Km

Vmax

asle— b plp cepm o] 0 a8 conl slale Ky a5 conl S84y p3Y v/

Aims e Hlis 1) G o S lag o iST v
a5 g coll Jlaie o Bis e g ol 50,5 Jaid o BB Ky jlade 5 ot glosl o 3T sl Cp>>Kin 510 gu <l

Cpo<<Kn Co=Kn C,>>K,

*rate of drug elimination *Rate of process is = * saturation of the
becomes a first-order process |one half of its max. rate |enzymes occurs.

*The value for K ,, is

negligible.
_ﬂ _ Vour _ '*}.mf. e -dc/dt = Va2 *The rate of elimination
dt G+ Ky Ky v proceeds at a constant
dc. S TAR
P . P max ™p
__=j.-rp T =T 4 T Y
di di f?
- _ _ . - ) } dCp VmaxxCp . _
Dl Casods 5y Aol (X SIS ST E Lt 5l g C U Co o5l V= dt = KmiCp Jseye o Sl

VinaxX (t-to) =C0-C+Km><lnc—cf’
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CONCENTRATION IN PLASMA {pg/ml)

T

Observed
3 g T 2

TiNe (k) oo 550 Co ylgins puilyie puil ails 1) (65 diges
Michaelis- salal, 5l a5 abad o, by jo clale &l sy dolas

I\f{ I?OIUS_ ) Elimination process
administration ~—_=_| Drug amount in the

(dose = Xo) Body (X) GS)LD RS MC)M:) w‘ )") u)}.o L S m SS9 Menten

(s et

Vmax X C

Km+C

eiSes Joo i 5 as loj Jlie po cale Jlagas (6 dlolee 0351 sy (s
dX Vmax X C

Ez Km+C

elimination rate =
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CONCENTRATION TN PLASMA (ug/m)

CONCENTRATION IN PLASMA (pg/ml)

—
=
=1
=3

100

i Observed \‘ /
1+ lnC:q;{;C+|nCu_V£.xl y
m m dX
1 ] [ 1 L ' _
4 8 12 16 20 e dt
TIME (h)
oy oo 2 Aolie 4 (6,8 J1,51 5 Vi alslas s 1 amy 5 00ls plosl v cond (nal)o 0,lgs 1, YU S e
InC = LnC* Vmax’
0 Km
Terminal line LnC* Loulo e o 2 _
N (C<<Km) 0 C plplhe il oe s
tooor” \\\ InC =InC ..- — \‘;mx 1
\\\ l\
100 ‘\\\,.-"/
10 _‘\% I ‘\\
\h
Observed )
T II'IC,C\O=n€" -C +]nCu _ V’mz\ t
1 1 I | . ,
4 8 12 16 30 =L
TIME (h)

Km
—Vmax’ X dt = e X dC +dC

Vmax
dc  —yg X¢C
dt ~ Km +C
LS oo Hbs,e Vmax” b ply |y Vinax /Vy
dC  Vmax'xC
dt ~  Km+C

ey 2 Jeed 4 obel SO L el g

oy 50 25 J90,8 4 (6, JILSl ) asy

LC—C — + LnCo Vmax” X t
"= Tkm n Km

co—-C

Terminal line
{C<< Km)
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CONCENTRATION IN PLASMA (ug/ml)

TIME (h)
Co™ lsee oyeess s €Xtrapolate s slacel ¥ al>
055 dols 0 1, s Jstmo plos olyicon o S Jolyo 5o Jyo b 42 4255
__ G
K, = - C_oi Vd = Dcose
C, 0
Vm:lx =-2.303- Km ' SIOpC vmax = Vmax -Vd
% 0 2575 owt 358 K2 sl y 900 S S ke ¥+ 1)k
* .
C(E)O:no =~ o> cdale walesy 1.0 4wl |, Vmax , Km, Vd

1000

100 -

Co
G
Co

Km

ILn

o 0 Ll w1 Jgesd ol sl obial sesskiel CadSs s
s Cue Ll (gl oyl 9 YU Jge 8 OLST Loyl & g0 )0

dlae guiy gox @

35 31 5395 42 by 2 oS ea Tl L Sl o 5l

01 ) ,
=— e el sy il Co el o 4 bgrye 50,3 logal

001 3 sis LB Joees A Las 5. C o o
00 05 10 15 20 25 30 35 oM B bsei; s 5 L0 Orioped foniS (o0
T'me(hf) TR ) J.‘> ).a) Q)}«o a JL».A u.a‘ |

From the figure the following were calculated: C0=10 mg/L, CO*=45 mg/L,
and Slope (using the log) =-0.985

Km= Gy . =y =6.65mg/L
C (45)
In| =2 In
(&) /M

Vm' = -slope* Km*2.303=0.985*%6.65%2.303=15.1mg/ L/ hr

pa=20 30 5,

¢, 10
Vim=Vm'*Vd =15.1*30=453mg / hr
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(ol 510,95 32 G0L 5 sl

The dose required to produce a steady-state concentration of 20 mg/L &3~ wls oo 45 jolailen talins pyles Lisu
in this patient: ) ) ’
sl plpstate  Steady cdl> o lag ls wds

'L el pl, Dosing rate .
VmC,, _ 453*20 '

Km+Cy  6.65+20

Dosing rate = =340mg/ hr

dosing rate wb ailjg, 590 (40,9] Cawds gl
S5 wypo celw YT o,

Daily Dose = Dosing rate * 24 = 8160mg =8.16 gm
o oy, 4 aS 5 )ls ez g adl (golass aalsl o

(99 285 adwl po 1o ool dldigs cyie )03l oo ot e LS L olagls dlxe calizee

Estimation of Michaelis-Menten parameters from two steady- ;Steady state cJl>,0 @
state drug concentrations arising from two dosing rates
At steady state: Ay g 09l o ol a5 il e gyls 5l isu F =

Input rate = output rate

Dosing rate = Elimination rate "))L'\';
R = naxC g0 alold ay o s
K,+C multiple dose cJl> 0 v, YU adll i 3850552 ]
R is the input rate that is described as: [l
r=FD
r

clale g oad 9o jlews as 9,10 5l 590 SO Mie a5 il A O gutie oolaiwl Jagome 90 g dolaagd lilawlxe o5 g, 0

S C8Sy Jolae (sdalé g ol g6 (6,500 590 Lol 00 wgllas Jlade 5l jeS clale cpl .l 00,5 ol 1,C8S1  olewdl

aJoleo b9y b 0g wglae Jode 3l o aS
RI=—mnCSSL_Jy Ol =RILK, +R1.Cssl | 2700 3> fo bog st ke Sl o 45 05
Ky +Css] 535 e (StieS3S 1l sl el jolie Jsgzne
R2 = % |V, Css2=R2-K, +R2-Css2 | Bl brel sl b 0,50 joo ool So5 2 0l 005
m T LSS

55 s |, osllann ledly

Two equations with two unknowns
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YO ) 599 0845 Lidu il g ool ol ! 8ME/L Slewdl cdalé § ool 39505 Jlows 0 (595 (38 p,5 oo Yoo 5901V JLio

* RM is a 32 year old, 80kg male who is being seen in the Neurology Clinic. Prior IS LDl cdale ol aul-sl g |
to his last visit he had been taking 300mg of Phenytoin daily; P & ! ? P s

* however, because his seizures were poorly controlled and because his plasma
concentration was only 8mg/L, his dose was increased to 350mg daily. Now
he complains of minor CNS side effects and his reported plasma Phenytoin
concentration is 20mg/L. Renal and hepatic function are normal.

Do 4ilyg, 590 ¢ Km g Vm .aial Css saias
* Assume that both of the reported plasma concentrations represent steady

state and that the patient has compiled with the prescribed dosing regimens. asb lsmg/L Sga> Css as 1| gl

* (Calculate RM’s apparent Vm and Km and a new daily dose of Phenytoin that
will result in a steady state level of about 15mg/L.

R1* Km + R1* Cg (1) = V™ Cyg (1)
R2* Km+ R2* Cy(2) =Vm* C(2)

R1=300mg/ day, Cyy(1)=8mg/L dosing rate « 3,5l cewss a5 Vm gkm 5l eslacul b

R2=350mg/day, Cy(2)=20mg/L @ axgil g, pl 10 Yaaso s ygl (oo ey | canlio
300 Km+300*8=Vm*8§ 37.5*Km+300=Vm (1) . .. L
~ bewgr G 0,5 aai |y JouaS )l e
350* Km+350*%20= Vm*20} {]?.S*Km+350 =Vm (2) © a > s i
cuslie dOSING rate lgn b o,ls 0939 astive ez b

Egn (1)- Egn(2):
50 T

20%*Km-50=0 Km=5=2.5mgfi, g melas jlow sl

Eqn {1):

Vim =37.5* Km+300=37.5%2.5+300=393.75mg / day

Calculate RM’s a new daily dose of Phenytoin that will result in a steady state
level of about 15mg/L

VmCq  393.75*15
Knm+ C 2.5+15

Dosing rate = =337.5mg / day

Observation C Vv (M/mL 3 _
gt ool g /v 1/c Lineweaver-Burke plot e

1 1| o0s00 | 2000 | 1000 | Km g Vm g daculze glpo,ls 0,8 Slidss slo 5,0 yiw a5 e oyl
2 6 1.636 0.611 0.166

3 11| 2062 | 0484 | 0090 | o Jolu CuiS 0 by opl g colatul ols et SIS A5 gl 0
4 16 | 2.285 0.437 . 0.062 _

5 21| 2423 | 0412 | 0047 | 500, cls |y @lsw glackale oo 055 s b o3l cod,b s
6 26 2.516 0.397 0.038

7 31 | 2583 0.337 0032 | 5l e it o0 Al gla cdalé 0 1) S e 03|35 oo ppinn 40
8 36 2.504 0.379 0.027 _
9 a1 | 2673 0373 | 0.024 oS o0 oy Cale osSae plp ol G weSae ]
10 46 2.705 0.369 I 0.021
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1) Lineweaver-Burke plot:

‘ rrn.n\' C

T Kt C

L Lh

- yintercept=1/V
the slope = K,/ V/
1

max®

= 0.33 min mL/xmol

Vinax

Viax = 3 pmol/mL min

» Disadvantage:
The points are clustered.

2) Plot of (/v versus

Vv

m:n.

Ky + C

H

+ Yield a straight line
.+ slope=1/V ..
« Intercept = A /11 |

v =

3) Plot of v Vs v/C
VinaxC

Ky + C

v =

1% :
V= + 2.0
C > f

s slope = K

* intercept = 1/

20
1.8k
1.6F
1.4F
_31_2-
10
0.8f
0.6k
0.4l
02 o1 1 1 3 1 3 1
0 02 04 06 08 1.0
1/C

&3

18F
of
b
12[
\10-

oo
T

O N A OO
T T T T T

3.0

25

1.5

1.0

0.5
006 0.18 030 042 0.54
v/C

Km 1 . 1 .
e 5l 2ye 9 T 2l O Gt &5 Wlioe Sy (o

w0 bl oS15 oy, opl JSie ool 1/VM L ply o
slodie pyle cordgm SUS)0) )l 3925 (674 slavie
(w‘ 03 oé)s‘ i

Plot of C/v versus C e

hd o | C . &
C».EJ.C).)‘).})Q ‘) (;,&).w K9y ;,Ja.l.c);)‘dﬁ.o Y9 Q_A‘)o

1 . S e .
L.\.uo )‘ uo).c 9 Vmax s EPW) | B L)"‘ 5o .sb‘oé; g
Km

Plot of V vs V/IC e

J‘L‘“ 2O S

JS‘ 09y L Cowd L;J-«S‘)J) ol 00l ool UL».MJ )"59-4-3

)olm ‘uojssw QWLSAM)

31 8,5 Sole 35T sl 5 s v

4) From steady state plasm drug  From steady state plasm drug concentration e

concentration:

1 :‘I‘l:!_'tc$

B =

Ky + Cgg

+ At steady state

- the rate of drug metabolism (v) = rate

of drug input R (dose/day).

« Inverting above equation:

1 _ Ky 11
R VrnaxGSS Vmax

(pl 590 sog,)plot of R vs Css o
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ﬂp[ot of Rversus C i is plotted s, 1, by chile S oo oy 1y Hlosad Ghoy cnl o

Mgr/kdpomts for R of 30% Q oL [ ‘ |
mg/day and of T Alygy 3190 oyl z
me/L a3:51 s{mwn ﬁonnect ey T v, 630 mg/tey 27 S92 ) 9y 590 Ol 9 B L G e
a straight line 600 - ! .
| g0 9o & |y b Jloges W o . KVOIEA KA
2. Mark points for R of 150 T i ? ity ot O S05eE
mg/day and C ¢ of 8.6 mg/L =T | .
as shown Connact with a 2 T i )97 S99 Vmax )Lm Y ) S92 w-«-&m Sges
straight line. £ 400 4 i
3. Where lines from the first two £ 7 DY alite 590 98 ) 00505 40 awileses |, Km Jlade X
steps cross is called point A -y / i 97 37 320 OIS 37 TR 2
4.  From point A read V 200 - <! 28] jg>o 190 Cll> S Cwl 00l oz YO
t eyax|sand/(M0nEhex /ér' EE BGQB J S99 )‘Q) ° R¥® 9
axis. — " : a5 w te]z
y__ fi 6&5@& )95 (S QW OL’U‘ FLY @Lo.w)b cdale
L 1 1 AL T I B
o2 ;}f’anﬂcin"cﬁ(mgj’z S TS yol,b Jol> slo gl W s 5 Sgiimn aTioo

S oo e 1) (SIS
Direct method e
O959) Sy b aS QS oo oolaiwl Jogome ¥V alolan ¥V gl ) dloleo )5

* Used when only two dose levels

A et B )

M=K * G b sl > doles do Jseyd 50 o] 6,138 ol s Km

Ra = Vinax G2 Jﬁ‘ ).50 )‘ S ﬁ|5d54 ol cdale :CI

« Combining Two Equations: P39S 599 5l am (Bess > clale <C2
z R — R, aJql dosing rate =R1

TR/ G) - (R G) 4,45 dosing rate -R2

Interpretation of Ay and I yay Slp clio 590 45 w80 (o oml Lo 4 Vinax s K

Vinax i g, 419, Jlo 10 oS ouiais 4563 | Lo
re>s 300mg 3y o ool 313 mg/day L,
)‘ J...of (SLO as o..\.oT Cawdy 86mg/L cdale ool

* Diagram showing the rate of metabolism
* when V s is constant {8 g/mL/hr)
* K is changed

)|)3 Ls«.wl.uo 00gdSte 4O IO < ULW" 9 S Km
SUSL wl)ﬂ)bwamgSmf‘sL;)fl o,

* Km=2 g/mlfor top curve

* Kwm=4 g/mLforbottom curve

:;--I‘-i
* Note the rate of metabolism is faster for the lower W02 . el

_ _ N S5 o9y Bl
K v, but saturation starts at lower concentration., s » 0 % & 7n v

G P S ool g g arles YL Sleys WSl cwl 55l je0 ialiel glp L cans bl i Vmax a> )
(o y 0 (B e SiS L gledl sogacs

o 5L 6y 590 Lo g el a8 Lo (gl @ w3 affinity e wsb rao Kmoas ja Y

] 009y yiay puw Ms-!La.Q s».\.mL) )..5955 Km ;‘ ).3‘).3 Vmax 59 ] 00 C).E.o Vmax Con Yl) )‘bs.o.s 5o
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Ol o az o b 5 Bl g Hao 4z 0 SIS L g)ls 0950 )

Pl SG a0 S bg)lo @g w0 9 999 e ¥

g cdale 5l Jatue laeds yho a>,0 S b og,g Michaelis-Menten. S L zg,5 g 00 a0 SetinS b ogyg. ¥
cabse 92598l ol gy Joe

(S o= 5o hs e SaS) asb nonlinear o ga o] Bi> 5 G a0 iSO 90 4 gl wix f

* Zero-Order Input and Nonlinear Elimination

e S Jb e IV bolus wi aiss as,0 NI G

¢ The usual example of zero-order input is constant IV infusion.
» Ifthe drugis given by constant IV infusion and is eliminated only by J"j L k5’5L°" LSL“" as Og (P (s Q%ﬁ?"’;" 2° t.s‘“’:’

nonlinear pharmacokinetics, then the following equation describes the ) K, .
rate of change of the plasma drug concentration: ods adlal alolee &« ool C)?ﬁ}?‘“"‘ )" Ls“:’l’ as V_d ads 9 ‘5)“”
dCy [\
dt
- ~

Zero-Order Input Non- linear

Elimination
First-Order Absorptioan and Nonlinear Ellmination Sss s s ot b S s
input extravascularly (eg, orally), absorbed by first-order absorption LS-’-LQ’ Jyo)s Ol L EY LN J.'> ;».».1.*[3 p...;Lb lags A.....of)

Eliminated only by nonlinear pharmacokinetics :

(aplgr o bo 3l aule Jg 0,0 3529

dC | | |
_r 5 S5 o a1y eys Jserd olad (S|ed i 4o
: - 7\ Sz @iz g Bl 6 5 955 00 adlal ol 4 (S, INpUL

ond Nonlinear )\ 2
irst-Or t_ar Elimination ~
Absorption

* k , is the first-order absorption rate constant

¢« drug is eliminated by parallel pathways consisting of both linear and | I Ll oa c s .
yle Bds anlyd ol et o g s Clls pe as S

nonlinear pharmacokinetics:

o s iS5l b ol S www.boomer.org s

dC
== hCoe ™ -

V['ImCP . Syl ol Slawlre coild § ol
dt Ky + G %

+ ks the first-order elimination rate constant.
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Chronopharmacokinetics

O ez e (s circadian g 59, ails slo v, Jdow s .l time dependent lag s an ot S

2 i e g W alies asl oo Dglitie yor dass 058 2saS b b 098 1555 s, Mie 0,08 o U L (g5, Wl

DS o S ] LS atam d B g0 5l e 9 0,00 S SO ol 5o s o Lo aST gyl S i Sl g0 SO L bLS )

b oo 7rlae Eon pl b la oWlsgs 10 .05 o &0 Cyclic L non Cyclic &g 4 ol s o c8y i

L a5, 9 00,5 obul | ‘_,’_L» SeiS @S alls 1) g golie iol38l ¢ aseioo sﬂ)? oole B pan l s 59, SO lews t Lo
PO 50
S 5T slagls 5l canz gl Jls

Temporal Change

/ \ Definition

can be cyclical over a Non cyclic
constant period (e.g., in which drug absorption or Chronopharmacokinetics deals with the study of the temporal changes in
24-hour interval) elimination changes over absorption, distribution, metabolism and elimination and thus takes into
alonger period of time. account the influence of time of administration on these different steps.

Dose Dependent P/K{non
Linear)
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ELIMINATION
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Typical first-order rate processes governing the life of a drug
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* where metabolism can occur
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Sinusoids.
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Following Phasa I, the drug may b petivated,
unchanged, of Most often, Inactivated.
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=
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Examples of Therapeutically Important Drugs
That Give Rise to Active NMetaholites

DRUG

Acetylsalicyllc
acid
Amitriptyline

Carbamazepine

Chiordiazepox-
ide
Codelne
Diazepam
Enalapril
Encainide

Fluoxetine

Imipramine

METABOLITE
Salicylic acid

Nortriptyline

Carbamazepine-

10,11 -epoxide

Desmethiychior-

diazepoxide
Morphine

Desmethyldiazepam

Enalaprilat

Norfiuoxetine

Desipramine

DRUG

Isosorbide
dinitrate

Merperidine

Morphine

Prazepam

Predniscne

Primidone

Procainamide

Sulindac

Verapamil

Zidovudine

METABOLITE

Isosorblde S5-
m onitrate
Normeperidine

Morphine-6-
glucurcnide

FPhenobarbital

N-acetviprocaln-
amide

Sulindac sulfide
noerverapamil

Zidov =
triphosphate

yoee Cabld iaS e SO L Nortriptyline o ls aS e S5 a5 sl o Amitriptyline Jé cJgte Nortriptyline « Jt

50 Jlie slp 0,5 eola! Nortriptyline ;) Ol or ot ;S CNS ws jle ylodguaiio a5 (55,50 10 g aLils 1) (55— g5 duw |

sl (69,00 A o cg,lo S Jd slacdgplio S cnl ol aies o e AMtriptyline « 1, Nortriptyline . wlgwg (s )los

conceniration

At high doses, drug
metabolism is zero
order— that is, constant
and independent of the

drug dose.

.J.S)L) w.?:})‘

At low doses, dru
metabolism is firs
order—that is,
proportional to the
drug dose.

s
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Vmax[C]
V= T + [C]
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= phenytoin |

e om ol oo Sl Bpo BB g SreS jlewn iy Jilie jo g)lo cdale o)lge 5l (g L o
Vmax [C]
K

:Michaelis-Menton Kinetic <

] alﬂ Syl cdale (Gro ax 0 SalS) padgilie o Lo L;Laamj'fl Q.\.&;&Lt..isl Cygo 4o
S ‘Lmr‘,.:)'fl &L.;’;l UG g,lo cdale ol o ol vales o3 toxic) o slacdale 4y g azsly
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2. Hutamide (Eulexin®, Schering), used to treat
prostate cancer, is rapidly metabolized in humans

to an active metabolite, e~hydroxyflutamide.
| EXAMPLESD-D-D [ e e e
24-78 ng/mL) after oral multiple doses of 250 mg

of flutamide given 2 times daily or every

1. Morphine clearance, CI, for a 75-kg male
ﬁpnt is 1800 La"' . T'Aft g Id 8 hours (maufacturer’s approved label)*. Calcu-
patientis mi/min. After an oral dose, late the total body clearance and hepatic clear-

4% of the drug is excreted unchanged in the ance assuming that flutamide is 90% metabo-
urine (f,= 0.04). The fraction of drug absorbed lized, and is completely (100%) absorbed.
after an oral dose of morphine sulfate is

24% (F = 0.24). Hepatic blood flow is about
1500 mL/min. Does morphine have any extra-

Solution

From Chapters 7 and 9, total body clearance, Cly,

hepatic metabolism? can be calculated by

Solution = g_g‘D;,?:_
Since f, = 0.04, renal clearance O, = 0.04 Cl; and
nonrenal clearance O, = (1 - 0.04) O/, = 0.95 /. cl, = 250 x 1,000,000
Therefore, Cl,, = 0.96 x 1800 mL/min = 1728 mL/ 51x8
min. Since hepatic blood flow is about 1500 mL/ =6.127 x 10° mL/h
min, the drug appears to be metabolized faster = 10,200 mL/min

than the rate of hepatic blood flow. Thus, at least

i ; Cly, = 10,200 mL/min x 0.9
some of the drug must be metabolized outside
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Figure 3.5 Relationships and nomenclature of cytochrome P450 members important for human
drug metabolism.
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TABLE 13-1 Clinically Important Genetic Polymorphisms of Drug Metabolism and Transporters
That Influence Drug Response

FDA Label Information™

(Pharmacogenetics
Enzyme Drug Drug Effect/Side Effect Knowledge Base, 2014)
CYP2C9 Warfarin Hemorrhage Actionable
Tolbutamide Hypoglycemia -
Phenytoin Phenytoin toxicity -
Glipizide Hypoglycemia -
Losartan Decreased antihypertensive effect -
CYP2D6 Antiarthythmics-  Proarrhythmic and other toxic effects -
in poor metabolizers
Antidepressants Inefficacy in ultrarapid metabolizers Actionable/Information*
Antipsychotics Tardive dyskinesia Actionable/Information*
Eliglustat Inefficacy in ultrarapid metabolizers Testing recommended
Opioids Inefficacy of codeine as analgesic, Actionable
narcotic side effects, dependence
Pimozide Toxicity with high dose in poor Testing recommended
metabolizers
Tetrabenazine Toxicity with high dose in poor Testing recommended
metabolizers or inefficacy in ultrar-
apid metabolizers
Warfarin Higher risk of hemorrhage -
f-Adrenoceptor Increased blockade Actionable/Information*
antagonists
CYP2C19 Omeprazole Higher cure rates when given with Information
clarithromycin
Diazepam Prolonged sedation Actionable
Clopidogrel Inefficacy in poor metabolizers Testing recommended
Dihydropyrimidine Fluorouracil Myelotoxicity, neurotoxicity Actionable
dehydrogenase
Plasma pseudo-cholinesterase  Succinylcholine Prolonged apnea -
N-acetyltransferase Sulfonamides Hypersensitivity -
Amonafide Myelotoxicity -
Procainamide Drug-induced lupus erythematosus. -
Hydralazine Drug-induced lupus erythematosus Information
Isoniazid Drug-induced lupus erythematosus Information
Thiopurine methyltransferase Mercaptopurine  Myelotoxicity Testing recommended
Thioguanine Myelotoxicity Actionable
Azathioprine Myelotoxicity Testing recommended
UDP-Glucuronosyltransferase  Irinotecan Diarrhea, Myelotoxicity Actionable
Multidrug-resistance gene Digoxin Increased concentrations of digoxin -
(MDRT) in plasma
Organic anion transporter Simvastatin Myopathy -

protein (SLCOTB1)

TABLE 13-2 Examples of Polymorphisms Affecting Drug Receptors and Enzymes Showing

Frequency of Occurrence

Enzyme/Receptor
CYP2C9

CYP2D6

CYP2C19

Dihydropyrimidine
dehydrogenase
Plasma pseudo-cholinesterase

Frequency of
Polymorphism Drug Drug Effect/Side Effect
14%-28% Warfarin Hemorrhage
(heterozygotes)

Tolbutamide Hypoglycemia
02%-1% Phenytoin Phenytoin toxicity
(homozygotes)

Glipizide Hypoglycemia

Losartan Decreased antihypertensive effect
5%-10% iarrhythmics ; ythmic and other toxic
(poor metabolizers) effects

Toxicity in poor metabolizers

19%-10% (ultrarapid ~ Antidepressants

Inefficacy in ultrarapid

metabolizers) metabolizers
Antipsychotics Tardive dyskinesia
Opioids Inefficacy of codeine as analgesic,
narcotic side effects, dependence
Warfarin Higher risk of hemorrhage
B-Ad eptor Inci d—blockade
3%-6% (whites) Omeprazole Higher cure rates when given with
clarithromycin
8%-23% (Asians) Diazepam Prolonged sedation
0.1% Fluorouracil Myelotoxicity, Neurotoxicity
15% Succinylcholine Prolonged apnea
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N-acetyltransferase

40%-70% (whites)
10%-20% (Asians)

Sulphonamides
Amonafide

Procainamide, hydralazine,

Hypersensitivity
Myelotoxicity (rapid acetylators)
Drug-induced lupus

isoniazid erythematosus
Thiopurine methyltransferase 0.3% Mercaptopurine, Myelotoxicity
thioguanine, azothioprine
UDP-glucuronosyltransferase 10%-15% Irinotecan Diarrhea, myelosuppression
ACE Enalapril, lisinapril captopril Renoprotective effect, cardiac
indexes, blood pressure
Potassium channels Quinidine Drug-induced QT syndrome
HERG Cisapride Drug-induced torsade de pointes
KvLQT1 Terfenadine disopyramide Drug-induced long-QT syndrome
VKORC Warfarin Over-anticoagulation
Epidermal growth factor Gefitinib Certain polymorphs susceptible
receptor (EGFR)
HKCNE2 Meflaquine clarithromycin Drug-induced arrhythmia
Phase | Phase Il
CYP1A1/2
CYPIBI
Epoxide CYP2A6
hydrolase
NATI NAT2
DPD Esterases Others CYP2B6 /
\ //crPce
NQO1 GST-M
GSTT
Others < GST-P
CYp2C9
ALDH - ADH / CYP2C19 GST-A
CYP2D6 STs
CYP3A4/5/7 UGTs
CYP2E] HMT
\ COMT
TPMT

Frequently Asked Questions

»»What are the differences between pharmacogenetics and pharmacogenomics? How are PGx and PGt

used to improve healthcare?

»»What is the difference between a mutation, polymorphism, SNP, and haplotype? Why are these
distinctions important for individualizing drug therapy? What types of genes are important to drug
therapy? How would variability in these genes impact drug therapy?

»»How common and clinically relevant are metabolic polymorphisms?

»»How can genetic information be used to improve drug therapy for individuals and/or groups of patients?
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Figure 3.5 Relationships and nomenclature of cytochrome P450 members important for human
drug metabolism.

o o1 5l plaS™ L2 a5 o5 ls member (¢, lesubfamily ;1 plaS o 098 o eemds SUbfaMIly o> o 095 family » -
Lyl ol T g s

Sg anldS ol 4 CYP2C9*3 Wb g cusl Lale 2D6*3 Pl oo pguad j0 a5 09b s -

CYP2C9*2 .CYP2C9*3 : Jlin5b s 0ijlus oo |, K555 Lo, b a5 wiziads Lo JT £3lg 1o -

el T 10 Vsare Solis 5 ol S i MEMDET Ceond b Ygore ilies ol 31 j0 -

g oo Eamu dalol ,5 #Y 5 #Y 590 40 9 Canl Jog T 5wl e base cdl ) Yoono -

b Jsaws e DNA- Ll G 50 (6 metd o 1ol o SNP (single nucleotide polymorphism) clde 4 oluss -

S oo 0bul ) MU S aS e b (leS y jgian 4 ool
WS ol ey (s s Wl s Ll dee oo (LA 1) madsilio 5 3 5 S 5By 10500 el ple i pgal -
Aapay G |y oaisid glgil ol 3l 9w oy JbdeS b Jlad e o> Ol PT ol b as poto (pl 4

:Normal distribution «

D)

EE—— oo |y Jboys @095 L Normal distribution el il aisles pacdygo b ST -
el @sgy il l 5 5l codlad 5l il S8l slae T w0 -

Ll G g0 A Jloged -

Polymorphic distribution <

D)

Page 3 of 15




Y% aul>

Genetically Regulated
Heterogeneity
in Drug Effects

Jloges S0 il ALIS 3935 pasd 90 b ST

2”{ . : Temeneo” Tu5™ polymorphic  §  cas  atwgy
15 . .. .
: | | —— v o - D4 o0 00wl distribution
E =y e = « . L
. r TR | 7 ety - ; 00515 5 3,05 0525 Jlayi 58 el ol o
o Ll L nm’ﬂfﬂﬂw.i}.‘h. e -
10 30 50 70 90 _pm witiwt as <10 Batand
45 =10 . . w Z
10 <10 ) Sl eelsS oo ald aw bogo Ygess
— — &5 ol a5 ol slasfrequency
SO &80 (JJ)L) s_)sLO.A.o
10 =80
Time Drug Concentration \V o)Lo..i} J..’:‘)Lw‘ @..49.: 9 2 LY A.AL)‘ )O

- (o'l Shao ol oyl -m—?.}b;.{.‘;o
:o)lo 09?-9 u}a-u) =) s)ayaa w‘ )d
(o S sl fogmi) S50 5 )
(lawg sla,log03) SialinagSle,l8 .Y

il culigh £98 dw (Sl ogShe )l 5 oS 95 Lo, 8 sl sy gy 0
wild type/wild type: wt/wt .\

wild type/mutant: wt/m .Y
mutant/mutant;: m/m .Y

(g Coow) SuaS 95 by (oo jlog05 (wwy 3

el Crmax 80cm0 )Lz b loges ol 105 zxlaws

ilyge 1Y logai iy el 50,10 Jlo i pasilin 0,8 o (WHWE) Consl xao 0,8 ()5 90y 355, 5w log0d

25 gl gl S e glie sl 0310 &5 seline (65500 50 5 sreeb 0 o g Cenl (WH/M) ()59 20 08 1S5 ity jlogad
bl e TFB Joges

358 % 0 90 (pleSy 590 b (Sl oe AR Jlogal 5 a5 M/ 00l &5 (ygemilisn 9,8 (35 T 50 255, (28,6 Jlogas
I

:(C.'a.wb P Coow 9 @Lo).b u‘f‘ 9 (Ja.ws leb)b,.o.i) g.ﬁu:b.’ég:l.o)ls le.b)bs.oi )y

s olya o by el ez g Wisd iyt o 5 e 23 g Gt o 0l o Kol 355Le b 5 ST 55 Lo 5y enslige Lol

St eon e bl e gl

:ja.wj LELQ)“)}*-’ o
9,05 599 188l yema ()

effect 9 C.wl.a )LA.E.A LYY C (Y

Page 4 of 15

L)

L)




Y% aul>

Sl o 9, £ Lakd g cnl sais Llod SUiieSle )b 4y aisly 30,8 Lz Ll (o aS ] Toxicity samslis 50,8 L @

P . EUCBER LRSS
(m/m . wt/m . wt/wt) siwe ol b aw gl lawg ;0 C g By A (laloges 5l plas ,o Lxol o
S gl e Py g (€SS J2e) 9l YU )0 550 a5 on jadz o al oad (gelise )l2rd (b5, 45 S

il o Jaslgas o (WHM) (59,50 5 susys Bmax 4 b iS55 gl 599 SRl b a8 conl (60,8 Jlog0i A (yiizean

(Wt/wt) sl Jb s ool i 510845 a0 10 5009 LY S o oboul ay j0 g s aS lale bogase « ST s (gt )0 (A

ol g els S8 31TV e Lagd il 3lge 90 0 a5 50 10 9 £iSu SITYD (09 (59,8 Dyge,0 g 0dg iSu il g le LV
] 05 )L,......) Couw 00920

Mbg@ /\ . )‘ J.«S “>)9'° dw J.{b )é oo «_«w‘ /\ . ‘m/m Qjé )O 9 /f&

Slcwl oo A Vb ()] 51 (b Caoms g 055 0 dlaul 8,8 as ;0 1A (e 4 g,lo 5l 65V L3 cdale 5 (26 ,b g
wt/m b Jleys ol 8l o cise Sl IS 50 g (Vb (L Caoms (Jg 20,0 A0) el s (Lo 0,8 10 g,ls 5l oo somlive i
o s | VM) 4555 &0 il JolS omslipn o (53,8 3,90 55 5 48y Gl 6 7a lin 4 L5 sloclo & e
(Ao )0 V) S Lidu i) 0gd oloul wilgh g oS Conl Sl 0 Sos Sl (1l g el 00,50 (6t gd gty Codlad pae o
(2o A (YL YL Caons

a2y gyl 4y Frwly Cend B ol jetw; eawlige a5 ouS g Cl LSS Woog S den (o m/m <> o effect a0 Ve oyl
el Yo o 4 C > o 5)lse g tOXICItY B,k o 51 Jg

Sgud o Lattieo oS Ctd | 0l 81 Ll la s aileny (ST g auil ails cdle A wilgs co caiiS oo dnlyo Lo 4y a5 0l 8l Al (o
T b vany as)le canl )13 0,8 asyl g S b aaay rwly loyo 4 cnl J13 08 plas

ol awd plaS 5> 0,8 AT gl Az gie puilsi oo LR e S0, 95 5L 5 DByl a8

(00 oo 0l 00ls Dlsgy (pl 5l ple b 4y aslsl (o

:Atypical plasma cholinesterase

Ayl VAOY JLo o )L (sl

Vgars gy Phie 590, bl 4 Jloys 08 5 iloansSld 51 5 0l so ¢ las (Dlse 30 b plie & lsS JaiaS
&y dmad oyl sl el (WJeSssew b g atypical plasma cholinesterase 45 ol )3l jo Jg oS o Job aids #-Y o0
Wilay (BL el wiz U wilgs oo ld g a0 ool

el Sy po 5y o JIiT i

Dol oo JSKio cpl jlo @) G YO o o

:G6PD

.o)b )_ulJ Lfbj)‘é )‘ ‘51.0 SS9y )5»Sl3 U"‘ J}».QS

Oy g

gl (Sitdged o) jdged >0 398 slag ls 51 S o G pas I o el (Sew (GOPD ol 3l

Page 5 of 15

(B

(C

*,




Y% aul>

257 :N-acetyl transferase activity <*
% “ sl i ygo y D50 d ol Hloged -
§ 12 o) (635 Lo ol SatsioSlo,ls Lo 5l -
g ;| s slow acetylator by ¢;lias aw s £+ sga> -
ol U lgn g g slowas,s Yo s> 5 homo fast oy frole g bl -

0 4 8 12

Plasma Isoniazid Concentration (mg/L) .Jiws acetylator

ol Wgb oo 0jdglie s (nl 514 mee slaglo-

Coloed g lhowe Ll i shad o Yol (0 yiege) kgl oy sl o )

5,5 0lge Y

b Slgal =¥ g ool iy o 0ablslS siol eps il o seallsos vl alSs el oel )T Y
O 5 oLl el ools cn YLl gus imal @ ot s slag )l ¥

Cdga wgolwgdgS3 ) Gdgen el Jie oo)lse « Slow acetylators! bl jo .ogi o B yae IBD o g)ls pl :opYlolalgu
WS o Sl (S

sle A+ b homo fast sl 3l ;o 5olo Y+ L Lo slow acetylator ;s sas oo &, awel (S, G pae JLSo a1 ugg) pg i

120 - S oo M 592
) el i o oslow acetylator o aeblidgw 4 cowles
2 ool 50 w3l ool ol g mpl al b cos Jgslus selige
L
E - J5303,SLe a1 MlggS 90 & o e 1 ol olsa il 53
:g- ii;:"A’z‘:yt’l’::‘:s e oo hypersensitivity as e g oad Juaio b
2

CYP2Dé6
REXYS SNP T s Wlgs o g 0 ks alizee HJTA-

0 2.0 4.0 6.0 8.0 1;)0
Duration of Therapy (months)

.cwl gene duplication xapid metabolizer sf bl sl| cde
el dils g b ef s ) i il alS csole cudled o T Cenl Ses 5 3,18 g3L 5 Sl slacdl>
0] sloaisid
:poor Metabolizers (PM) ()

ol 0,Shoe 38l (] @

Sengigsl Ol 51 gumsg o5 Lad rals over sedation : Jio sl> o)lse YL Ss, @

logsjlass ;o aops V+-Y @
Intermediate metabolizers (IM) (¥

) Jlogs cle oy o3l 0 Shoe als @

lag;laas ,o aw,0)0-Vr @

Page 6 of 15




Y% aul>

:Extensive Metabolizers (EM) (¥
s Jlos Jgo b S, @
g ;laas o M)o/w -VYY e

Rapid Metabolizer (¥
Ultrarapid Metabolizers (UM) (&

s ,Skee sl T Multiple gene copies e
el B 1 036 o sl slajes sl @
el 9yl o JUad 55 @ pe SIS SIS (308 Jie (JUs8 02 0ds sl Inlie) oS Ty09 0 o (S n @
losjlaas o om0 Y-) @
wcalise gl JT oYl -
CYP2D6*4 = defective splicing, inactive e
CYP2D6*2xn = gene duplication, 2x active e
CYP2D6*5 = gene deletion, no enzyme o

CYP2D6*17 = 3bases, dec substrate affinity e
CYP2D6*10 = unstable enzyme o

Xy, 3 52975 Probe  lyie a1 (5209 5S> o Debrisoquine Lxul ;o) g)ls ¥ e y90sly (o) p Sl ez 3 VYsano -
S (50 et ) g (Sl ALE s S (o0 gy |y O B0l le

sl e e sgas g ol wb asdllae 5,90 ol 31 -

g oo (e Gado sl plie jlade 5 39 oo oy 6510 b (So diges -

5l o le lag,lo ol gl oo pud sl CYP2D6 dlisg 4y Lo yo jo (guulS (slag,ls 7.30-25 udgle -
(00 solawl probe s @) 8,505 1S @
oS3l @
o Soy,l 51 @
S sSlu Bl g o Fopdlas @
g 5395 ST oS aiile b yge linie @

2 s oS Capde |y ol Gl 5 agdioe patie g g)ls Sl lagyls 4k )0 ez s ATwd (piege da Sopudlis -
sl s e y30 sy il (g 599 (anSil g 0iS oo Jsb @l 9y ole ) Ysame dla So pudlus

33les Jsla nste Flecainide .S Jolyiall 51 4 e wisd so o3alylin ol ol SaS 4 & o o 51 55 JelS ] -
(S 5155 @NCAINITE (ol 355 el 75 S b csasl il o a5 ool
o388 58 9 el ol «d 30 Sl clomipramine «Jslsily g oS sk

0,219 EM 5 (3 95 0 318) PM o3l atws g0 50 1) Jolgpgie olowdy clalé ¢ 5 jloges -
EM ol 31 51 5V s Js)g oo alonsdly il PM sldl o ams o ol (555

600 1 Metoprolol 200mg

400 1

200 4

Page 7 of 15




Y% aul>

G pae |, 300mg/day-100 ;58 Jle,s CYP2D6 L ol 31 .asl 55080 51 placie sl Sglie CYP2D6 L ol 3l jo copkiis 5,65 590 -
S o 8l ;0 30 51 12eS L 500 YL 590 (5 5eS ol 3l g 0o ,S

9,0 glacdile 2D6 (oo,Skes (1513 (llo) (5590 UKo b jlogai jo el samlive JB (gany pgal ;0 ulity 5,58 SeieSlo )b -
ol g o e galie JIS @y a5 el by

90 .
5 0 a
5 797 !
= 60+ i
E 50 | . “ e A\ oS -Les w“ _
5 40 | SR e 50 il 5555 (S g,00m - QB30 UM 99) Ry
£ 30+ !
g 1 w tel s . - o .
10 :,,J—‘_‘—L._,
0 = T T
Metabolic ratio Ovbl O-Il 1~IO 10 100 NORTRIFTYLINE 10HYDROXYNORTRIPTYLINE
801 250 -
Nortriptyline =500 300 150-100 20-30
requirement 50 N
(mg/day) FUNGTIONAL

CYF2DE CGENES

204

10

FLASMA CONCENTRATION (nmold)
PE# 25 mg NT DOSE
ca
o

o 24 48 72 0 24 18
TIME (hours)

Fig, 1. Mean plusma concentrations of nortnptyline and 10-hydroxynortriptyline in different fenotype
groups after a single oral dese ol nortriptyline. For suhjects with 3 and 13 functional genes, plasma con-
centrationsy are adjusted 1o the 25 mg dose by means of Jivision of the s alues by 2, The nuenerals close
t© the curves represent the number of functional ¢ FR206 wenes i edch genatype group

S SIS udyge a3 o] oW g wiuS 0-demethylation ;5 2D6 :pSus

Syzge Lile,loged 1 coais oglyT sliwl awgs alam ] B oo aseie ) ;0 (cwgb Codbla b as _isu laasdlol N Fe v Ll
S e 58 SehT wgr 55 w15 sliwl a5 glaasdll 4 Lets aice slpiiy aie 0051 slbiw] Sleesss o 5 s

1Glans § e 02 y929) TPMT

Lol (G AlBgd g pusdygo b Dygo a4 o] Hloges @

Lol grhe (15505 5 (rymes WSl alag)ls jo @

Al 00,5 igSw a5 el pusdyg0 b o] wigilS 5 sline 4 diangie 1%/3% LSS TLACG @

Sl 0 o5 iidlad dgdae 0000 (pailsS b peisl iigamlige 0 a5 IV Y @

ol EIlad WBB WS s b opjei0l Y Y@

ol 5 S 50 a5 S A e Jre (29500 old e il Cled w8 @ BAAL3AGLY YLYY LoV Y isen @

el 5 e 9 B )lse Sloml Bpo il o 055

318 a8 Gjg Alazm S Ve (JIFe e all atdls grnlise (290 50 L
5L (MGMT);lauil s L DNA (5165 Lite e (oo 00351 wlgins bag,lo as lacsglie oo cle
(Agou 3280 e sliwl g, lausdul)

Page 8 of 15




Y% aul>

RUAPUILAT PN SNSRI SRR
Dgd se o Endoxifen i g5 Jud p,8 4 CYP2D6 SS o @

el adgl e85 5l 5,138 56 ol Ve« (Endoxifen e

RIS
0 Functional CYPZD6 genes 09“;‘5@ Jl'd)"‘c CYP2C9 [“")'” z’L"""S ] W“"‘JS"L“Q ‘]a"“‘}' g}")b)‘ﬁ -
60 1 Functional CYPZD6 gene
2 Functional CYP2D6 L . wrn & & . 8 A~ -
B 3 Functional CYP2D6 genes 1S5S lels p Hse 5 )y bl 5 38T 85 2 e sl e

13 Functional CYP2DE genes

VKORC1 (vitamin K epoxide reductase complex 1) (\
CYP2C9 (v
oS Cewal sl)ls :GGCX (gamma-glutamyl carboxylase) (v

) &5 955 (oo osliiul 590 Slixilas ploie 4 Geje jge 4 (n)Bly -

Plasma Nortriptyline (nmol/liter)
¢ ;

———

QT L s ye 6L‘°w-~::-"’)9-°u,ii gy KON\ Iy RO Olid (e B pae

of

24 43 72 Cw!
Hours

o zo o5l INR 51 ] iy gile glyy -
..))‘.) é?guuf)ém‘)u)ﬁmﬂuwd)lﬁ)b -

o | NP 51 plo 5 39ds0 plosl CYP2CY Lawgs 1)l6l5 S pogeiill Lol pudplia -

cvpzce-l

s ge R (g9, p i oS slo

>4 Olls Soanl g -

ol Gl 11 (g esS S jg0 p0 5 Celwo,
DBl ALl coms Sl Wlg e 5 0,108 co (g0 Ol s ol
2 Sl Oyge 0 aS aiws 5,55 (ATP binding cassette) LABCB1 -
MO dly o igdice S L Lo sk 5l ol Bl gy e ()l (gl yegeil
coo 58 ABCBL (sl yiyseniyi cul iyl 1y Ga)Bly a8 g oinggym i
Glutamic acid "f-Carboxyglutamic acid .JJ)L) &SM);LQ)lS
Clotting Factors (Gla proteins)

(FII, FVIIL, FIX, FX, Protein C/S) )| ng..f}l} 5\.1.)])3 b‘.n.\.‘u ).) VKORC]. 5 GGCX ‘SLQM 5 u_o)b)‘j W&c _

] 00 ob)3| 959, ).’5@ e slaxsl

Page 9 of 15




Y% aul>

31 o251 VKORCL s oo 350 VKORCL Jlgo b o lo)ls So3slsSleyls i

‘)wlﬁjommbwﬁ&waij@yu&wa‘Kwﬁbjby

ovezcor S e S
P Sebiga plxl Vg 7 glacn S 4 CYP2CY > 30,k 5l 0 )815-S )3 pudlie -
cyPaag T cubon Ll sommd plie ggiie sla oo slyls (0,8 l5-R aSCl> )0 -
e o %k o 209 oo () l8)lg 4 Canglie b ol 4 oo a5 Sy (Liabilities) slac s -
6 S ‘ O oS 29300 H2y)ly & Cuglie 4y ymie VKORCL (o Sopus po i 592 @
/ (;wmo 2ol oo 15mg/dayl gaslsl ailys, 5e0 aiejls

CYP2C19

Ll BB O jso pl jo bolasl s Sleyo Sl il o, sl Img/day ;l oS slajes a5 Sgd o0 9,0 A Sl 4

i
8|  sensmvITY P RESISTANGE
&
E o
CYP2C9 *3/"3 et VKORC1 codi
g VKORC1 super e
& regulatory
2 SNPs
1 5 15

Warfarin rmaintenance dose (mg/day)

05 2 03l &y saumlaiel Sl g 0 Bly 4 Caglie glsl (i L pos ol jeb 4 ST 0 adlel () 63wl sy -

Sk ) Jgaz 5o sl e |, VKORCL

adgl slgial Syl ailyy; 590 Cuaglie g4
ol

Val?® leu  14mg Moderate

Ala* Ser 16mg Moderate

Arg>® Gly 32- Major
36mg

Val®® Met 27- Major
35mg

Leul?® Arg 45mg Severe

Val* Ala 45mg Severe

Dy bl Wgd co S P A e a5 Lo liw Lo cdlgl (sl led co o5 o 4 omie log,lo s yiage 3l -

D9 so Jold ) 5)lge oy VPu Y 09> ;0 WAl e o> (IS b a4 -
Page 10 of 15




Y% aul>

ool 00 3155 Jlo 10 oy YL ayus sl s lagls Solas a8 slagiolesl 1o o5 o bgs oly> e -
2Bl Sl Yzl o 5.5 5y el 5 3i gz 55 S8 JLish 5 iyt 5| o Srie s 3] LS e sl -
M...: dL‘L" "\"‘9"(5" ;HASJ.Q L;‘)’ aSol> U"‘ 9 T PR dl.n.:‘ kJ"‘ U.CL’

ioB)ls b leye  INR S g s e bLI,1 g 00258315 (6l oo 005 eSS 598 s (092 Sle -

25 Warfarin treatment
0 Approved Dose Rarge Relationship between INR control and outcomes
8 —
c 201 | ; Incidence rate of stroke and major bleeding (per 100-person years)
@
2 Dose Adjustments _ . X
a 15| No (5 mg) = 16% romboembote [merapeutic] biesdng
u= Yes (¢« 5mg) = 51% events | Range
° Yes (> 5 mg) = 33% 10
Q 10
g 80
2 5 i 60
0 40

O n o o o uwouwowo o

— - NN OO ST T O WO O~

LLLLLLeeLLrLeLLLLee 20

O~ O ~ W ~O© ~ O ~—~ O «~—~ O W

o T v N AN OO MO T < 0 W O O~ 0

<20 2030 3139 4049
Weekly Dose

N Engl J Med 1995.333:5-10.

R 5l yiege S yogpl il jo VKORCL 51 el aials(cSiinsS 10) CYP2CY o(Saliys 1) VKORCT 357 68 4 o306 g pelans -

Caucasians 19% 56% 25%
(N=297)
Spanish 32% 40% 28%
(N=105) _

" CYP2C9 Genotype ™

Age ‘

Dose “Inducers, Inhibitors”
Elimination

Chinese 18% 2%
(N=104)
African 79%
Americans

(N= 159) Asmns ma need a lower dose

/ Synthesis_ PCA Em‘,

o kg I " Response

" VKORC!

 Genotype PT I INR

Oly il g 55 0550 590 Glg e Vb e Cons Jgazr SaS 4y 59,10 VKORCT 3 CYP2CO I o5gi az 0,8 a5 opl wlasl p - -

Page 11 of 15




Y% aul>

CYP2C9 genotype 151, VKORCL Gilisie slagss slrals lyae « 503 o 35 -

%] /%] | %1 /%2 | %1 /%3 | %2 %0 | %p /%3 | %3 /%3 MLQU»;LM& SJD-LQ:Y/VW‘ ol ob)91g.5.13.§LAL§LmQ¢JA.?-
Soglie 2 ) ) g

foiS o bo a4y (SeS 4z S il mls -

Sl (Sleyd 590 Faojw s @

<Kim MJ, Huang S-M, Meyer U, Rahman, A, Lesko LJ,

SeiedS slaaie 1 solaist olainl 4y Cond §90 g St ©
A Slasmil 0o 350 1S vy aS llan duo o YOV Gl gopls @
Jlo 5o oo sy YY v B ¥ o s als o
el 00l o )Lal (Lagsilinl (2> 5 U5 99 9lS) )l Si5eS Lo )8 oy oY o (plog)lo 5l (i T3 adl Jgu 5 -
3 Mee el ZV¥ T BaS G yae 10 souS OMSie £aud (9 4 el ol Yol was SVlie 4o b psbinl 8y90 4o -
Slalllae oS Cewl @Y bdgacd g0y (reend 9,90 50 (S5 ool Sl 42 )0 0l Senl e 90y (s Lo linl L LS )

ol o3 (2lad )90 4 e yon s e S90S 9 523B)l )90 50 e Nigd (o S o

:(Plavix) J 5 guus ols

A Pharmacokinetic Response Cawl CYP2C19 L L3yl jo e golie cgylo ol jo
Clopidogrel, 300 mg
0.5

109 oo ol alusd & 4y T L ag>lse jo ol 8
00 T T asl ol s Slee b JT g0 lls :PM ()

E . — wily gals o Slee b TS M (¥
= os-
¥ i i W | 57 Solize gla lle 435 EM (¥
S : - N
S 04 — i l l 2C19*%17 s L 5 .UM (¥
= :
- _ - I Mps)...’u]PM QiﬁOj)'{Sjw‘)'Lw)wo)b)lﬁ.mgUM 05; -
-1.5- =
Al Mg
UM EM M PM

(N=20) (N=31) (N=30) (N=8) 5,50 pl 045 celP2Y12 ADP oy sns 5005 e o ls ol -
S,le 0g>g 0,81y SCS5 £o

o0 slajliwl g CYPAS0 slags 3l bawgs &l co o 05 Jlad CYPA50 slags 3l Lawgs U ooyls 5L g el Slpog -
g Jlad e

pgwge TRITON-TIMI & a5 clisios ol .ol o plosl clbogls YYVY o) 1 gtz cpl oo plonil 5 indioss bL3 | ool jo -
45 0D (6 S A Suled 50 WAD sz S)lse ple s Mg aiSs Sy Blodd 5l 5 w8 5 oo 5 )ls calides slaog 5 )0 ol3l el
2l olyen p3¥ 590 pelaii b (Jg aiS Bran ]y g)ls oS Sl i g)lo b gloys g 918 Bras (B)lse 59 p S O

D plol  SLs3eSle b s ¢ J,S 50w sl b leyo £o,b 5l LB wub aS cnl 00,8 oMl FDA - -
Page 12 of 15




Y7 anl>

5 o3l pateie HLA @ a2 95 b 550 cnl 53 5 9 o0 oanline 1) 958 plonil SGiijsSlo )b oy sl il a5 (ol ) pgad )0

2,5 pastiio |y mad a0 b )l oo Sl 40,5 pulem B8 xe dslol o a4 SleolKius

v

Candidate genes: are Single nucleotide or other
there polymorphisms? polymorphism screens

\

Identification of
pharmacological
targets

Identification of disease
susceptibility loci

\

Establishment of the functional
importance of the polymorphisms

-

A

\

DNA based
tests

Prescribing advice

Omics

Alse (Sslse oo Slos 5l pan L OME Glaginw 5 o JsSs05 (55 09705 slaes,5 LL3)|

Bl Wl Sl 457095 0 Jlosl (65 g0 (Sloy3gyls w0od plulid gy LLS)I (plaz 0 -
Structural Genomics e
Proteomics e
Metabolomics e
Interactome o

Patients with efficacy _|_H_H_H_H_|_ SeolizagSle s 5 S oS Lo, S65LsS alio 4 79 wdll o -

in clinical trials

5 oo Jolse o Sa3slse 58 olge Sy Julse el o o L2
ey Sl Faes Lelse

(L5595 Lo 8 g SNP a5 o

oolusl dLo.:‘ASSNP S| r:)Y 5)‘¢ ).’9.‘>u 05.76 Wy S L]
S 90,8 Guai 1) 00, oy 1S o5 GuSsilis SO o
O aS05d o o0ls Jlaiml il a3l 5l Gidu o] w8l WS
Predictive of no efficacy | | ol o) a3 o8

:Amplichip <
iy S 0 Lagi ool 4l @
el 05,5 a8lal 551, CYPCLY9 jol> Jl> 0 55,5 £4,8 CYP2DE slays gwyp Llal o @
Ll oo Lo (g1 oMbl ol g & LLNON responder s 5 coul pae 25 ylog05 @

Page 13 of 15




Y% aul>

Drug Levels Based On Phenotype 7l peinf

A
\

Adverse Events

Therapeutic Window

Time = “‘

fCowmsz> Targeted drug <
2apd o gl (responder) _ols o5 5 (55, p Laid lag)ls a5 @
Sl asls le o Coddan (o oliw 4 13U Wilgs e 0l Bl 0g )T pl sBm0gy ololils @
zp &S b y0 00l Y13 Lgyls o)lse S,y o 1y ool wilgs e dag,ls cpl b axiws NON-responder 45 ol 3l s @
ROW PR E A P W E
oslgn g 0ols Lais ob 5l 1, nON-responder s responder of 81 G aas o |, oSel ol L 4 Personalized medicine e
2 plnil aredan leyo o] (59, (295 @
:(Herceptin) cwgjgiw s Sleyo o565
Silose Fobo Jloys oty lp Iy Jsho (b jgis, HOM-2 05 by 2l Jlo i gl Jsho o @

Dgb oo Sl slo ok slml il g 09d oo Hlo v 5l o () (pl A Gl ogas 4 locls an o @

.mwéwwduowﬁmﬂ Sgd> Syg0 , (pl @

3 S o (6 S gl Joko a5l i 235 g 0 5l g S 0 SO ) Jehe (xdans jgtn; a8l ol (5T S cgigin s @
DS ) Golom S8 iy solr A

ol 7 olae 355l g0l (BT cpl (gl 00518 a5 g0l 8l o Byso glo ol @

1S oo oalin |y target therapy jl goloas aalsl o @

Ll Jige o8 (g 5len 9 0955 30 (S Sloglds YU o)lse pogdle @

€l 5 i Liomios (61 03,0 Coproz 10 45 o5ad 4 az g5 b 1,5 loges plaS 4 aps o yLis 91 wpdlul Jgu

Page 14 of 15




Y7 anl>

List of FDA Required or Recommended Biomarker
Tests in Drug Labels

User Prevalence

(%)

Biomarker Test!? Drug Example (1n=36.1 million)
CYP2CO Recommended “Warfarin 2.0806
EGFR Required Cetuximab 0.0001
GOPD deficiency Recommended Dapsone 0.0257
G6PD deficiency Recommended Rasburicase 0.0000
HER2/neu

overexpression Required Trastuzurmab 0.0003
TPMT variants Recommended Azathioprine 0.1168
TPMT variants Recommended Mercaptopurine 0.0541
TPMT variants Recommended Thioguanine 0.0012
UGT1Al variants Recommended Irinotecan 0.0002
Urea cycle

enzyme deficiency Recommended Valproic acid Q.48
Total 2.768

CYP = cytochrome P450; EGFR = human epidermal growth factor receptor; G6PD = glucose-6-
phosphate dehydrogenase; HER2/neu = human epidermal growth facter receptor 2; TPMT =
thiopurine 5-methyltransferase.
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.- cYP2C9o — interferon
— Warfarin, phenytoin - CYP3AS
- HLA-B — tacrolimus

— Allopurinol, CBZ, abacavir,
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S-(+)-Ketamin e

2-4 times more potent than
E-{-)}ketamine in
anaesthesia

5500 sle Jle o

NHCHs
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R-i{-)-Ketamine

Causes Spon tan eous motor
activity and post-emergent
distress

(el o gl 4 gy Joged )

100 - . .
S(+ ) - Ketamine

Percent Reduction in Median Frequency

Fig. 20-1. Changes in the electroencephalographic
median frequency were followed to quantify the an
esthetic effect of R(—) — ketamine and 5(+) — kel-
amine in a subject who received an infusion of these
two optical isomers on separate occasions. Shown s
the percent reduction in the median frequencies versus
plasma concentration. Although characteristic §-
shaped, or sigmoidal, curves are seen with both com-
pounds, they differ in bolh the maximum effect
achieved, E,,,., and the concentration needed to pro-
duce 50 percent of L., the LCsy. These relationships
may be considered direct ones as no significant time
delay was found between response and concentra-
tion. (One mg/liter = 4.2 micromolar.) (Redrawn from
Schuttler, J.. Stoeckel, H., Schweilden, H., and Lau-

-S jescilimedian frequency ials »
s rin EffiCaCy 3 wg s meliS
20500 ey 1) adjle Joged S1aBl e

i i R sl

0 1 2 3
Plasma Concentration {mgliter)

van, P.M.: Hypnotic drugs. In Quantitation, model-
ing and control in anaesthesia. Edited by I1. Stoeckel.
George Thieme Verlag, Stuttgart, 1985, pp. 196-210)
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production twice as effectiv ely as does
the racemate

H H
HsC.. HiCo !
CHs3 COOH CHy COOH
HyC HsC
S-Ibuprofen R-Ibuprofen
Inhibits platelet thromboxane Racemizes to the S-form and does

W slite  SealiosSle o

not cause G.I. lesions

acyl CoA synthelase

hydrolase

RIBU ————> RIBUCOA > RIBU  Zup &5 2Jo 3925 (TACEMASE) slen, pb 4 sl on s
Cak ATP. Mo SsSs wlle JiSUe S 9 R Gl slo p 8 pdy casS 5 Jobs
racemase (A-*Sgs"d""\""RM‘)Sﬁ)S3‘S¢‘)RﬁJS)A5‘5°JJM
S-IBU-CoA > sdBU
hydmiase
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Compound Refative Activity Biological Response JEH ) b (Sossden el 9 g s eolaad o5 Jle b Jga ol
terbutalime - = +(3000:1) trachea relaxation

propranolol $= R (100:1) block tachycardia 0 dmolie S00S0 U s S g R 58 cdled i ¢ 5o b o5 S
pindolof >+ (2001) inhibit tachycardia e NI 4 S 910 % e Jiee v 900 b oS
methadone -2+ (31) respiratory depression e Mo (oo SalooeSle & SU el 5 sl
ketamine §=R(41) anesthesia “’J #2772 ) o 95 Lp srwitlsle o2 50
tocaimide R>=5 (31) antiarrhythmic

flecainide = - antiarrhythmic trachea  ,icSbh, » sl Yoo s + 9 — slo gl
propafenone = antiarrhythmic ) . ) _

disopyramide antiarrhythmic (sl Ol s ol Koo 0 Slae & el (1Kan) G
disopyramide anticholinergic:

warfarin 5> R (21) anticoagulant e O SUlsos ¥
verapamil -= +(518:1) block AV conduction 20 roe” £
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ol
Drug Free Fraction ~ Ratio (+/-) g ailas i Coeal At ool ¢ o595 ol o c(distribution) g 65 .Y
+ -
disopyramide 027 039 0.7 (Bog ok b Solis  polas o)) wiilw ¥ oS aratio
ibuprofen 0.006 0.0039 1.5
mexilitine 0.283 0.198 14
methadone 0.092 0.124 0.7
propoxyphene 0.018 0.018 1.0
propranolol 0203 0.1786 1.2
tocainide 017 0.14 1.2
verapamil 0064 0N 0.6
warfarin 0012 0009 13
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Drug Clearance : . -
disopyramide o p ; ' 128 2oy line ¢« i Gl WIS p.w.JyLw P (metabolism) p“_,J,_,L,_A Y
propranolol CLiv. racemate ¢ 1 G °Llj Q‘-v\-i-?, 6)95::3313‘ 6L° ‘Q)é J,:.:l.,

CLU v, racemate
Clo racemate
CLu,0 racemate
verapamil CLiv isomer
CLu,iv isomer
CLo racemate
ClLo racemate
CLu,0 racemate
0 o e . . =
% 0 0 N Sy 2 ol S Shes o9 Tt slo pdonl LE Y
'p/ % /} p
Nucrong <22\ f e sanlive JS& a5 jslilan 5fo calide (gla osuiil
tH e { \NHCH CHL N .

CH,CH,C

§-3-Dechloroethylifosfamide  rypgas HZCHQCI i g )‘ ¢ '-‘?.""5‘-“‘3 J-:-" 9)15° )‘°5::-“u 9o ¢ “-\-*-‘S*“
R-Hosfamnide S-2-Dechloroethylifosfamide ) )
0,,4 s 50;% )3 Lo‘ ..\M)a.A (S’SLM LSLQ u.JyLm L UBLM

Q
4 qu 0 § ; Sgdue  Obxl  SuSeg,e  Dyproduct s
AN O
CHCH A > it ancnom’ chloroacetaldehyde)
CHACHCHN . Y
R-2-Dechlorvetiylifosfamide 7/ R-3-Dechloroethylifosfanide
CIH CHoC
* - Hosfamide *
CICH,CHO CICH,CHO
Chloroacetaldelyde Chloroacetallehyde
(Neurotoxic) (¥ euro toxic )
VERAPAMIL PROPRANOLOL efficacy » AV 5,5 5 5)53) 5925 £ 2 Dslis 152928 by, S1.F
30
o o, 100 ow wae o Sy n) 9l 90 egas o P p Slop Cul cdile 4 o)
max.
2 Pk L, . first-pass metabolism , Stereoselectivity ,st «
fach.
&
b
10 W ’
Pl
% TS %m0
plasma conc.Ing/ml) plasma conc. (ng/ml)

Y oUWk s ratio g ojus §l Jas renal clearance p segnlc os o)lal a5 sblan js al> e ol p:(Bd>) EXCretion .o

Drug Clearance Form (+) () Ratio Ve PR
chloroquine Clw,s racemate 824 519 16
Disopyramide CLW isomer 338 182 1.8
mexilitine. CLQ racemate 05 05 1.0
pindolol CHm racemate 453 534 1.2
terbutaline CLR isomer 27 15 18
tocainide CLR isomer 55 55 1.0
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What is Pharmacology ?

Thestudy of how drugs effect bislogical syseems

Pharmacokinetics Pharmacodynamics
Wihat tie body does to drug What tize drug does to body
Pharmacotherapeutics Pharmacocognosy
The study of the use of drugs Identifitng erude marerials as drugs
Toxicology

:PK/PD adllas JJo -

Pharmacological response time course .,
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e slEnd-point 4 Lo Bio-marker 5 jakie
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© Increasing concentration produces greater analgesia.
© Absolute amount of drugnecessary to produce effect = drugpotency (EDso)

] Shape of curves indicates theywork through same mechanism
@ Aspirin = different mechanism (shape of curve is different)
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11.2.3.1. Linear Model )‘)5)-3 G9e 6L°9)“> 6‘)—.’ :(Linear) Gl . JJ..A
The linear pharmacodynamic model i1s useful when the efficacy of a drug is )
proportional to its concentrations at the effect site. The linear model can be derived 5as ol duto | Sloj ‘6’4"; u.iucl.ué;l.a (RS
- : . o LR > Ca € AP el p)
trom the E,.. model, when its concentrations at the effect site is significantly lower

than ECs (see the E... model). JM ML’ ))‘ » AAF: La . Lo 5)10 o '
(11.1) E =8SC. +E | L as e L b s )
C. is the drug concentration at the effect site, E is the intensity ofthe effect, E; is the ® 98- sHr P ‘gfiff" ~~‘>9§ J Lf'a:>
baseline effect in the absence of the drug, and S is the slope. . 1 . . — oL
o ECp J a5 g BB im0 Jl 5

RUSUW R\ T:vove R -

Effect
(E)

Drug concentration at the effect site (C,)

Figure 11.2. Linear model.
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11.2.3.2 Log—Linear Model

The log—linear modelis based on the empirical observation that a plot of effect
vs. log concentration of many drugs exhibits a linear approximation between 20 and
80% of'the maximum effect. Like the linear model, the concentration-effect relation-
ship within this range can be analyzed using linear regression:

(11.2) E=Slog C, +1

S is the slope and I is an empirical constant with no physiological meaning.

Drug concentration at the effect site (log C.)

Figure 11.3. Log—linear model.

11.2.3.3. B Model

Sy ol blis izl Joses : log-linear Joo
Aaep A BV o wgame p gl 6ol

6145 oyl L “5“3%)@ oolde (Emax) POVELIN

The E.... model can describe the concentration—etfect curve over the full range basellne )‘ sy l )) ‘) )_;‘ — edale ol . Emax JJ..A

from the baseline effect to the maximum effect of a drug. Accurate measurement of’
both E,.. and ECs are critical in the E,., model. In fact, only a few drugs have

been shown to have this relationship iz vivo mainly owing to the difficulties involved O)L)d‘ oS = ’,, 9_’ j)“b ‘_i' M aXi mum effect L, effect

m conducting studies over a wide range of concentrations, especially at high
concentrations because of the concomitant potential toxicity:

EmaxCo

(11.3) E (+Ey)

where E,,. the maximum etfect, ECy, 1s the drug concentration that produces 50%

) ol el oo Joe il e ECgg s Epay sl 99 0 605
FCeo + € WSt ] e a5 0 s 05y o gl wix (s akad,

of the maximum effect, and E, is the baseline effect in the absence of any drug. . el - . te s . - o
Glo il 3 ehy de b il g ik p Slalllas sl

Effect
(E)

ECso
Drug concentration at the effect site (Ce)

Figure 11.4. Ejpayx model.

2 ohe b Sges 5T 5 Ysane . 0,5 wlind b 5fs Fuifo b il oukas @y Js o obd SVolas los J Anhibitory Emax Jus

11.2.3.4. Sigmoid E...Model

The sigmoid E,, model can be used when the concentration—effect curve
exhibits more an S-shape pattern than a simple hyperbola (the E,.. model), and is
steeper or shallower than predicted by the E... model. The sigmoid function
originally proposed by Hill (1910) is often called the Hill equation:

Eqmax' €

~Ecr, s FEY

(11.4) E

where n 1s the Hill coefficient that affects the slope of the curve: at n > 1 the curve
becomes sigmoid with a steeper slope than the E,.. model at concentrations around
ECsx: at n = 1: the curve is 1dentical to the usual hyperbola of the E... model; and
at n < 1 the curve is steeper at low concentrations, but shallower at high concentra-
tions than the E... model.
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Linear version of the Hill equation ‘59‘“‘"’ o ~>L’)

Response

log [ } =~velogCr - EUQCEEM%

E.az — Response

e o Glojel 6 Aol 4 lojedale g cdalé-mul g Aol g0 (55, ) @

Response = S e log(Cp) + A
P 9(Cr) lag(Cp)zlag(Cg)—kd.t

*

2.303
7
—a— Time-Cp
5: 7 —8— Time-Ck
: ~—y kel o[t
5 = - —&— Time-Rx 107 Respﬂ}: Se log(cig) —Se 283(]-'_ A

/

~

Conceriration or Respornse
w

-

2 4 [ ] 10 12
Time (hr)

Pharmacokinetic Model
with Effect Compartment

4 Anti-diabetics 5 Anti-coagulant ok da 3 S ¢y w5 oE
Indirect coug. ol s 65 soladl Glo Jow a g s o0 p (SIS
se=girreversible response ;s a5 . ol z,ke reversible response

1
Drug In
Ceniral
kie
k10

Effect
compart-
Fre ik kel

: SYolre )l LS‘ A o

Pharmacodynamics and Pharmacokinetic/Pharmacodynamie Relationships 197
Tabie 11.1. A Summary of Various Pharmacodynamic Models L
: 08 — ablwe . ol gl 5 5 "
J S0 P dyer d
Model E Characteristics . . .
Linear 5-C,+E, Predicts the baseline effect when the concentration is zero

Unable to define the maximum effect at high concentrations . a - . .o <
e gsi.'.'“"L"-.’.o;l"’)b G@La.«.}‘ LSLQ u_iu.ju\.a )) o 6)1»0

Error-prone at high or low drug concentrations

Log-linear S'logC.+1 Su,i:irnﬁ:, ;;g:ici::dng drug effects over 20-80%of the 0 ,)9_];[‘)[_9 i ,;L_,] 9 6) o &-;Qlf | CJ‘EA
Unable to define the baseline and the maximum effects

oSy b Sl g laslas e oo el plo e

E ux M +E, Able to describe the pharmacodynamic relationship . .
ECy+C, over a wide range of drug concentrations )0 9 o ‘-ML’ u‘y‘ 6)).«..“» P wy ‘) Yo leo
Predicts the baseline and the maximum effects
_ Sl ) sl
Sigmoid E,,, E(:n:;;+(;" +E, Able to describe an S-shape pattern of effect curve by s pS ) B 95

adjusting n values
Predicts the baseline and the maximum effects

Page 10 of 13




\’V:\..M.L?

DUAL AGONISTIC RECEPTORS (cascade shape concentration-cffect curve, Fig. 11.7A):

(11.6) E= Enaxy €2 Emar,2 Co
- EClo, + Ct ' EClo, + C7
| 1 |

E, E,

BIPHASIC RECEPTORS (agonist-antagonist, U- or bell-shape concentration—effect
curve,Fig. 11.7B):

-
EC% +C: EC%,+CI
{ | |

(11.7)

E, E,

where En and E... are, respectively, the maximum effect for each of two different
receptors, ECs,; and ECs; are the drug concentrations that produce 50% of En
or Enao, and 7 and m are the Hill coefficients.

A

Effect
(E)

Drug concentration st the effect site(s) (C,)

Figare 11.7. Drug concentratbon at the effect sitefs) v=. effeet for dual agonisiic receptors (A) and

agonistic-antagonistic receptors (B
b gy 0 e wlulpy b b SeluogSle 8 Jaw bl -
ECso5 Ep « Emox ool slo sl (sl sy v/

elio slo o0ls (g uyisd g Joo slo LUlg s V)

§ oS Sl 1y Jode (g g disS> -

J L w5 o Confidence interval 5. cod sloals SO i R? ¢ oS oo o, |, Regression L a5 lKis Ygass
&,k g fitness c wil 5 Sog8 AlC 4> j». oS o wolanad Akaikes information criteria (AIC) sib lo a3l 5,
el g eals ol Jae
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» Drug interactions...
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Drug effect
Drug effect

Drug effect

Drug Drug Drug Drug Drug Drug Drug
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New Paradigm in Drug Development Marketing (s » ccowlin ( Snlosle8) PD clallln ol o 50

PK/PD in patients &/or in experimental models
in healthy subjects (POM)

Validation PK/PD in dose-ranging proof of
efficacy study in patients (POC)

‘ Confirm PD in the pivotal studies

|

| New Drug Application |

T
i
Post-marketing comparative

PE/PD in patients

®  Druginteractions:

Morphine (agonist at “mu” receptors) versus Naloxone (competitive antagonist at “mu” receptors)

competitive antagonism
K When pre-treating with naloxone, dose-

response curve for morphine’s effects shifts A) i ximum

to the right. Addition of nal =

diminished morphine’s potency. Z ’
Pretreated with
competitive
antagonist

Low High
non-competitive antagonism
(B) c 100 Maximum
K Reduce the effects of the agonist in ways %
other than competing for the receptor.

Pretreated with
noncompetitive
antagonist

Low High
Dose of morphine
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»  Pavlovian Conditioning:

Drug

(Us)

% .

Drug

Drug paraphernalia
(neutral stimulus)

(US)

o

—

\

Drug paraphernalia
Cs)

Reflexive

Reflexive

Conditioned

reflex

Cortical arousal,

euphoria, etc.

(UR)

Cortical arousal,

euphoria, etc.

(UR)

Cortical arousal,
euphoria, etc.

(CR)
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Steady State
- Attained after approximately four half-times
» Time to steady state independent of dosage

Steady State Concentrations —1
+ Proportional to dose/dosage interval
+ Propertional to F/CL

Fluctuations

+ Proportional to dosage interval/halftime

» Blunted by slow absorption
0 1 T I ] L} 1

0 1 2 3 4 5 S
TIME {multiples of limination half-time)
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Therapeutic range: 40-80 umol/L = (10-20 pg/l) (NB total drug)
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Ethosuximide ; .
Gabapentin i
Tiagahi"e ’ L) 100 o J:W oo 00 60
Vigabatrine S
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Therapeutic range: 5-20 ug/ml (28-110 umol/L)
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Alteration in Clearance e
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Therapeutic range : 0.6-1.2 mmol/L NB at plateau (pre-dose) & avoid Li-heparin tubes!
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Exchanging Na ;l a5 slsl ,» 45,5 o,Lal ACEIS, NSAIDs, loop or thiazide diuretics « ;g o lag,ls ool alex |

S (o0 S sl

9 IS Brae mie 53 (2D )3 5 09D ge TS b yd 50 5 Sl Sl let Ll (il 5o g byl AT Bl atils 4z
ahad a4 1> w0l sbml Wls B rae pas ol gw) (Cewl GolS ad0 I8l Lo 4y a5 bl l580 5e0 Wl (oS B pan panledn ST
(39 (o0 Bybp a5 358 00 (Sito Ao 5l g g PL Ll 1asS (oo Sl ) (6 i DM (ot

ol gyl opl ply] el S bl 4 a8 ol 5dbs sl b alsil atejls &3lse 38T 50 :Severe intoxication

S 9590V
Therapeutic range : 1-2 ng/L (taken >6h post-dosing; 1ng/L=1.3nmol/L) for inotropic effect not AF.

8 JTossl il 5 o0V 5 cdale g o las g1 +,0 5 cdale

Mechanism  Condition/Drug(s) 30 9 Sl oS sla 5,0 g Eliatnl ¢ g9ed cll> ol g5l gole o )l5e
PK 7vd and CL  Thyrotoxicosis/T4 B M Ll v T Lo a8 saas 9,5 ol wilgs e 500 )lge
¥ Vd and/or CL Verapamil, el OIS &4 lsis o] Lo)lss ,Ses 51 asl oo L AV junction

amiodarone, propafenone

: Lzl (Xanthochromia
T absorption Erythromycin, omeprazole 5,5 o,Lal ( )

¥ absorption Exchange resins, kaolin ol 05lgs co Li,lsS olBtws Sl sla (6 iSL 51 Y ¢ aS sl asils ax g3

¥ GFR Any cause of renal lt/KG 0) el 0bj s 5,05 ol aujss auS o5dgblio | o)l
impairment/Cyclosporine ( 9o SRy R I &Y T 9 ojdglie | o)l

PD increase block of the Na pump g oo &80 41500 15 08,958 Cawd Ojgo 4 gl
Hypokalaemia/Kaluretic diuretics
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Antineoplastics v
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ADVANTAGE
CONDITIONS « Individualizing therapy
* Pharmacokinetic ability = Monitoring and detection drugs
* Adverse and ther utic effects « Diagnosing undertreatment
« Related to cor « Avoid Toxicity
« Narrow therapeutic index
« Undefined therapeutic

Concentration range
eDesired therapeutic effect
difficult to control = .
. - .o ; N
______ .LQ5)L> s_iu)y«.ul.c Ao )|.>5.<u sk
MATRIX
* Plasma
* Blood
e Urine
* Serum
DRUGS
* Anticancer
* Immunosuppressive
e Cardiac
= Antiepileptic
* Bronchodilators
« Psychotic
= Antibiotic

TECHNICAL
e HPLC
* GC/MS
* Immunoassay
* Biosensors
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(narrow therapeutic-toxic range) .asb S5 Sleys o,y sl)ls gyls ()
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Table 25.2.1 Therapeutic
Concentration Ranges

Therapeutic
Drug Concentration
Range

Aminoglycoside
(gentamicin,
tobramycin)

0.5 <--> 8 mg/L

Digoxin 0.5 <--> 2.0 ug/L
Phenytoin 10 <--> 20 mg/L
Theophylline 10 <--> 20 mg/L

il ool Jolio Jguor 30 SzgS Siloyd (0 y2xiy) 08guxe b Sui 5lagylo

B oo Gl g5l dosing 3 ,50,8 dsl e’ aog S g 3lagyls gy oy =

OO Gy 3 iz (O et lem 955050 @
ccdB 03 (gt s ]S = adS) b Cumdg  2gls sl s b cledsl (D

(o€ 9 &S Cumoyg

03,5 drwl=e |, Maintenance dose 4 «.Jgl loading dose e wges aslojluw g Judow « 43555 5 SIS ledbl 5,51 go b uorns

Iy el )b molie jo ol U 9 ol @‘ﬂ‘}.@ijsémﬁﬁ)d égojwtiming ) loged 3illas) LB oo &l @L:b Aoy g

100
- - -1. —
é" kel = 0.23 hr ; Y = 3.0hr
5 10
s
- 1. -
kel = 0.18 hr ,t“2 =3.8hr
1 | | bl L}
0 6 12
Time (hr)
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Table 25.3.2 Physiologic Differences between Neonates and Adults of L . .
Pharmacokinetic Importance (Hilligoss 1980) shlo «golyg 0,90 51 ,A5 51 o lolyes (Abso rption) vdis .\

Neonate Adult

il e (0 Sl l3ee (3382 1o5) ot @CHIOTHYdriA) L o 5T

Gastric acid output (mEq/10kg/hr) 0.15 2
_ Gastricemptying time (min) 87 65 doldl (S VU VS5 e 4 o lp oane dpul Sl 5
Total body water (% of body weight) 78 60 olos ‘ s <la | ) L
Extracellular water (% of b,wt.) 44 19 Oy 5o el Ay v Sl rdow (o (S (ool B azS o sl o
Intracellular water (% of b,wt.) 34 41 0dg, (699 ‘“”15)'> oS & 9 odxe 4, S5 4o )"L ._\,[_,Ls‘, w‘)&‘
Adipose tissue (% of b,wt.) 12 12-25 ) . . I . . | . | .
S ws ol 5l S aiS Gla 4 s dirregular intestinal peristalsis)
Glomerular filtration rate (ml/min/m?) 1 70 ‘39"‘"‘ s Jl....:.b)_'> 015‘555 P ub‘)ﬁ" I

5 YU Jogazx ) Wb oo ol Sai; Jol Jlo Jsb 50 (e 09 5l S olsre 40) o0 Total water : (Distribution) as ;45 .Y

(b oo 22l H550 4 g ol 0l (S5 sl 5o 5 o] (Gm) Sl 0381 s canlizte 55 Bgye 7,15 ule (0S axxl e ¥ s,
Gl YLS )5 51 i ooolies ,o (volume per body Weight) ous oy59 a1y 1o 48 e (lgim oo lo g9 e S 55 @
Sog,l> sln oo 9,50 (nl a5 WSl S GYLS )5 5 55,5 (5965 L analie )0 0ad Wgie o3l ploligs )3 Lawdl (slo oty 4 Jlail
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Table 25.3.1 Glomerular Filtration Rate at Various Ages

Age GFR (ml/min/m2) | OPlis 5o alS Jsugs o Shas 5 Js 50505 el L3 s (EXCEELION) 280 .F
First four days ! Oygar a5 o5 GFR izman ol aidls JolSS wgom b ololjg g oyl
14 days 22 _ . . : e .
One year - Ag‘_,;i.muf'os..» )oga)mq‘wl ommJa.;.,jl Oa.gc_la.md\ﬁ Jby
Adult 70 Al s Gial38l GYLLS 5 polde

O (Sobe £ jlan) ol YUY gl o Gyt M/«_SJMW/Z,L oole (55ulS il WS (655 o3l b aS ((goudS Vergr o8 b
5 Cydow Ls.?"’—‘ RSO DY LSESRVEH PRV N L;ww S5lS 230 po 4y gl az 0 0 L‘bo—l &0 aS glagls plply ow; oo YLLS )5 polas
ol sslS il ST o sasls (Prolonged elimination times) Vb i L; young infants ; neonate s clejs,ss

lee 2ol VLS )5 4 S Laglo
1098 50 gl (B pan 590 b LI, 1o slb apogi v/

Sl BB o ool b asyl o a4 tcand Joe S055 llew sl (29,10 S0 50 380 SS9, 8 olowl g lo 5l S sl
S ols ooy Siaes o w2, o)l 052 aliee sl loss o b el )l polie ;5 (63l £935 L g 0 I S92 Ko 3, 389 9,902
Al e b o e ¢ (59 (bl g Wilgi (oo Sloadidd 5,5 (el (15055 50590 LS aiile ca o il sl e

« Dosing based on weight, e.g. per mg doses or Clark's rule

Weight in 1b e Adult Dose
150

Equation 25.3.1 Clarks' Rule

Child Dose =
Y PR GA.?DG.’ €599 u,..aL.a‘).’ > JQ“’)—Q u."
« Dosing based on surface area, e.g. per m?

« Dosing based on age, e.g. Young's rule for children older than 2 years

Age in years

Child Dose = —————
Ha ose Age in years + 12

o Adult Dose

Equation 25.3.2 Young's Rule

Page 11 of 13




Yoo VA anl>

:oyliedlu yo DOSING wltisYe >

Wigh o Jota | lag ls sla anje 551 AY e Ll wims o S5 1) Jlad 1l Cmaz 5170 L analles lyle 42 5]
lag ls EAiS G pas 3l (sl odes 09,5 cyane ol 3l ax ST .0l AF g ZVFNA i @ pB] cpl o] Jlo Yo b 0gd (oo (g
(Jlo VAL JLo Yo 0905 5l (215 Coon 592 098 (o0 plosil 7S L JLo 00 (Ldbsglo b (hles (55, (a15,1s Slalllae i Ll caiiea
Glogls Bras s 4 canl Saw Lial33l cpl 5l cidu (Lo YAV 0 ZAVY @ Jlo YA-Y- [0 Y 5D ol oo Liulidl ol cin b

Syt 5l BTL AL LIS &y sl o a3l l 5l tzsd B ik 4T S g e i o 0Bl g ,ld SO 5 sawie

Msoé‘\))‘)ﬁ! 4954\3)9.0 ‘M‘Gédbb‘ S )045‘) é.l)}.]}.)).aﬂ u‘).a.uu )‘ fﬁuw‘ww‘ﬁ‘bus)‘éADME 6&.\“])3 5O

25 walss owyn |, ADME (laus] 3

H(0gub o0 O padd (3] yxie ST 5998 38 Ol )y 1381 1 50 St 95 o )18 Ol punii

Table 25.4.1 Summary of Factors affecting Drug Disposition and
Responses in the Elderly from Massoud 1984a

ol (el 00 3 Jga 40 a5 ehailen : (ADSOrption) wiz .

Clinical

Altered Physiology

Consideration

Absorption

gastric acid secretion,
gastric pH,  GI blood flow,

pancreatic trypsin, * GI

Altered dissolution rate, possible
decreased absorption rate, time of

onset delayed

peeey) ‘) 5)L> ol °9—3Jl€ )9“44. as _>,3)L> 999 ‘_é’ﬁj?’)“s u‘)“-’*Ju )"

-9 pH g_:|)~.x.> ‘ u")‘?f olKiws J)za J_m LIRS 0

motiity 2 iz Shall Wisd o wdx Jbd b 4 &S LSSl S sl
Distribution = . .
5 ol puandS GeSYE Jlie flaie a)) Cewl 0uls cdslive puno ol 3
total body water, = lean
Body ) Polar drugs tend to have . L. _— e . . .
Composition  body weight, " body fat Vd, Ipd-soluble drugs Rv O wied Jd e glanld S0 Cou aS olagls ST QA (0]
(female > male) !
SETEILT: - Oy 33150 aelgdgs (ol y tmax lads .o 5 w8 b cos IS ek
Protein : free fraction of acidic drugs, -
Binding o pomimnalob LY free fraction of basic drugs do 1l cadlao .l Ly el L ~alS -l (PN
RBC binding & DL 390 Gg)ls ple gl b oo ol Glls> Blde 5o
enzyme induction, decreased metabolism and S S T S 8558 g (pdaiosb ¢ Jolgil gy ¢ Jolg i gie ‘L-Dopa
hepatic blood flow, = hepatic clearance influenced by
Metabolism environmental factors 1

mass, acetylation,

PYL polie s Cond iz |y ol oudley L aS cuis eamlie

(e.g.smoking,nutrition) oxidation

glucuronidation,
system

mixed function

Ol ol yidan Jb ol b cods samliss o)lge 51 solows ;o CPmax

GFR, * renal plasma flow,  decreased renal clearance, ' half-

active secretion life

Excretion

Ol dgs il S b poje 50 e L e (oo

QN0 5 el (Sen G 2y 09 bl o o cuS 5 50 Sl Canl (e Jlews e Lil381 L s (Distribution) as e .Y
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| P9 69)|.> 99 )l guover )L..w.s Jﬂ‘ 65)“> 99 6‘)‘.’
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@ e Cuiomed pol Cpl i 0018 udgl pa DB A5 jglailen > pl bitssl co iolpEl e 0,81 0 LF e BYO (93 50 ol3T gyl
Lol ally assls bl )l By (gl oy b Wlg (oo oaiis b (65,10 duo o a5 Cel osls asie pljhs 0,90 50 05d s0 il ST 20153
ssb @ Ll 1 ol ogptin s 031 )0 Wil oo alse ulo g etigy @ Jlail (it ()l SO o la8 BLI)I (o e sl
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Table 25.3.3 Phar kinetic Par ter Values for Infants and Children
compared with Adult values (Miles 1983)

An ‘rIIustratio_n of the type of change in pharmacokinetics with age is shown « arou Volume Half- Total body
in the following table. Age group term(L/kg) = life(hr) | clearance(ml/min/kg)
Theophylline
Table 25.4.2 Pharmacokinetic Data in the Elderly and the Young from 26.9(14.4-
Massoud 1984a Premature neonates  0.62(0.19-1.0) 57.7) 19(6.3-29.9)
Elderly Young Infants 0.404(303.;1.& 4.:( gia- 76(28-156)
vd | tp vd | bty 0.44(0.20-  3.4(1.9-
M wg ke o | Chidren e e 95(60-221)
o 03% 67 03%  17% . 0.47(0.33-  5.7(29- 65(22-131)
Ampicillin 0.04 59 0.08 L/hr/kg 0.04 05 0.18 0.72) 8.3)
. . — Gentamicin Ve TBC (ml/min/1.73 m2)
Chlordiazepoxide 0.38 40 10 ml/min 0.26 7 30
Preterm infants and 0.48 57 21.0
Digoxin 41+ | 70 08+£0.2 53+ 37+ 17% full-term infants i
0.9 13 mi/min/kg 06 45 02 Infants and children 0.28 1.4 130
) 48+  40% 244 29+ 41# Adults 0.21 2.1 95
Nitrazepam 47 £ 1.5L/hr
P 1.7 16 Y 0.8 7.4 2 Chloramphenicol vd TBC (mi/hr/kg)
Infants (11-56 d 10
Phenylbutazone "% ¥ % ag5miminkg 016 110 2.9 rrents (11:56 )
0.02 11 Infants (1-12 mo) 0.90 55 50-400
. 0.2+ 44 + 33405 0.2+ 3.8+ Children (1-11 yr) 0.90 4.4 100-400
Warf: ) 3742
anann .01 10 mi/min/kg 0.3 0.6 Adults 0.4-0.9 2-5 100-300
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(Non Compartmental Analysis) Non-parametric pharmacokinetic :Jg <waud

(ads) o oy 1 L pmdia) IS (ki o Llle (i alagl (0l ) SBISCEe (02 50 compartmental 4Swladl )
Ldadd 5 i€ ai o B (S5 cnoncompamental a3 © 30 pdae QAT Non compartmental sl aius
d.a; J\ 6)?%.) .JJ\}A W Cul AUC Caaid L):’\ 89 2 du)h\)l:\ J\ éﬁ _a‘)b J\S 9 observed d\.ﬁa)\d

AUMC (area under the first moment curve)

sl pee dart Jle (adld 525 e S0 b Allés o L see 4S MIRT (mean residence time)

MAT (mean absorption time)

MDT (mean dissolution time)

((28h 2l 55 MRT 2a 0 gavisn 9 ¥ sajd b (g ani€ aliven Ja ani gy Ll b i 2 5Y) | ai5ud Cingy 3 ) g0 Crandd (b 3

gavulae an (6 48550 ) a4 Crand A Cialise Jle j-cabale lagad o el a4 (o) 4B j gl sacld ) aS ) ghailea
) bw) area under the first moment curve b AUMC 2 25 (oo 4slas b Cialie g sena 31 AUC Cules
sacld aiilad (s 5 300 dga g Gladmglayxcnlale Hlagai Jay (Cpxt) sl o pwia (iile ) 3 clale ja (J) e (Asie
Kl ol 2 48 wiSae dee ) Jsasd (s AUMC last 4slae (51 Culgd )220 sdine 021 alai) Ciliulaa (51 483 )

il lasar HAl (g adadi dia

r . CPM.«;J ® st C;ﬂm.«;:
AU ﬁ'f(:”{fu,.ﬁil—oo} — X ;I{T

ASLZY e ) e b Culein U Clast (faie o) ghass o) 00 a0 14350

1) e LS 1) AUMC 5 AUC Slaslas 3l () 4d sad y 3 Jsas

Table 20.1.1 Typical Cp versus Time Data after 100 mg IV
Bolus Administration

Time Cp Cp-t AUC AUMC

(hr)  (mg/L) (mg.hr/L)  (mg.hr/L) (mg.hr?/L)
0 8 0 0 0
1 7.09 7.09 7.55 3.55
2 6.29 12.58 14.24 13.39
3 5.58 16.74 20.18 28.05
4 4.95 19.80 25.45 46.32
6 3.89 23.34 34.29 89.46
9 2.71 24.39 44.19 161.06
12 1.89 22.68 51.09 231.67
18 0.92 16.56 59.52 349.39
24 0.44 10.56 63.60 430.75
0 67.27 549.31
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Figure 20.1.1 Plot of Cp versus Time (1V) Figure 20.1.2 Plot of Cp x Time versus Time (I1V)

JJ\JGJ}UJS@A}&)A&J\A}M)JGJBQ;})\M d;ﬁy\iﬁ&ﬂad;ﬁaﬁ&u\ ‘_,,_ah) mean residence time

AUMC
AUC

MRT =

s el O (ol 5 skl Cimg a5l 548

2 S dnulaa ) O O st gy Alabas (uh s Lyl )3 308 e daulan jee da 0 7Y il nk e B j04S shila

, 1
kel' = ———
MRT
ek e Al ) alilaae Gl dA aliie a8 il IS
CL Dose
AUC
:(&L\.m\ Ggleia Vd b)ﬁ}.’iwmkﬁ)ddw)\e& Vss dauslaa )
v CL o MRT Dose e MRT
. — ® —
A
AUC
(Y+.0.0) s) s 4nion Jsan slalind (alasd ys 02 S3 (gl jial s Anadaa 1 Jlie
MRT = 549.31/67.27 = 8.17 hr kel'=1/8.17=0.12 hr'!

CL = Dose/AUC = 100/67.27 = 1.49 L.hr"!

Vi =CL*MRT =1.49x8.17=12.17 L
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Table 20.1.2 Typical Cp versus Time Data after 250 mg Oral Administration
Time (hr) Cp (mg/L) Cp ¢t (mg.hr/L) AUC (mg.hr/L) AUMC (mg.hr?/L)

0 0 0 0 0
1 12.18 12.2 6.09 6.09
2 14.12 28.24 19.24 26.30
3 13.43 40.29 33.02 60.57
4 12.16 48.64 45.82 105.04
6 9.64 57.84 67.62 211.52
9 6.73 60.57 92.18 389.14
12 4.69 56.24 109.31 564.42
18 2.28 41.22 130.25 856.92
24 1.11 26.64 140.45 1060.50
o0 149.70 1359.58
164 70 -
144 W 5|:|_- u
12 1M .l 1 . .
=] jsn- -
%1!]- O Eupgd = [ |
2 o g" |
E m = 30
8 6 R g
S m g
5] B o™
4 . 4
U T T ! T T T ] 1 U T T i T ! 1
0 fi 12 18 24 0 fi 12 18 24
Time (hr) Tirme (hr)

Figure 20.1.3 Plot of Cp versus Time (PO) Figure 20.1.4 Plot of Cp x Time versus Time (PO)

4S8 2 S auilas a8 mean absorption time & MAT el )b )55 (o (Jg 2iad S5 Ll 3 ) g a8 b s o) 52

MAT = MRTpo — MRT}y
1

o N
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éﬂiéﬂ&;dueﬁueud)‘k\huﬁbaja\)gaﬁuwjj_ﬁé\@jéuﬁ\[)g\ cM@@Shmud)ﬁm_,mthchiu\
O Ll 3l (g ol pae dai 43 4gah (5 el g Oy 23830 (318 MIRT e 3 Y pena 5 20 a sl (g Cl )

...

' Page 3 of 28




Y'~ M‘WJ&\’*

Red e 0l ) dsed ) s Fdsulae gl 0
AUCpp @ Dosey
AUC;y e Dosepo
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MRTpo = AUMC/AUC = 1361/149.8 = 9.08 hr

MAT = MRTpo - MRTv =9.08 - 8.17=0.92 hr

ka'= 1/MAT = 1/0.92 = 1.09 hr’!

F = (149.70/67.27) x (100/250) = 0.89

o 0213 (SI s Calin (sla i 5 [V oy sy 51 4S allie S 5 K0 Jle

using Data from Beuvill et al. 1977

Pharmacokinetics of Sulfamethazine in Cattle following IV and Three Oral Dosage Forms Dosage
Forms

e |V Bolus 107 mg/Kg
e Oral Solution 107 mg/Kg
e Oral Rapid Release Tablet 105 mg/Kg

e Oral Sustained Release Tablet 249 mg/Kg

30
_ TV
=] .
S ~ Oral Solution
E 20 — Oral Tablet
-% Oral Slow Tablet
¥ -]
S 10
Q
=
(o}
Q
0 ey p———
80 120 160
Time (hr)

Figure 20.1.5 The Average Data from Each Dosage Form
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Table 20.1.6 Non Compartmental Analysis Results

AUC|[AUMC||MRT (hr)|MAT (hr)|MDT (hr)

v 437 6393 14.6 - -
Solution 4319454 || 21.9 7.3 -
Tablet 450(/11303|| 25.1 10.5 3.2

Slow Tablet|| 765 ||45484| 59.5 44.9 37.6

mean dissolution b MDT ali4s ad (5 8033 ) 5a 5 (2012 IV) MAT 5 MRT alea ) 028 daidaa Ll () alina 3 ) 5
e dL;MLIA ] S ie g c.ku € gl A ULA‘) ‘)J“).} BN ‘)‘.\SA J\J}A.: ‘)g‘ ‘).\LJ sl J‘J}A.\ BN oAl 48la) time
A8 Glea | MDT Ol sie AUMC/AUC J e 8 et b s Sl s 5

MDT s MRT &slas

Glale gl Jgl Glhe ) p a8 ) Shulas glea o be 4y ate G andSa ) Pladl Jilé g 5 4S8 Sy W MDT
dpdie 48 ada gy e le) e SR 8 0 gdie as O gie 2w plad) Gle) cibale JBad) lasai gl ma S Ol
du@ijwu\)@&ﬁ)c_@wapezoidL;}Jmuuﬁu_ou)dms\auﬁJ\qﬁd}\émn

e 00553 b)) e OF e 25l e oy | MIDT 5 21880 anaiti le )y calale

Table 20.1.7 Comparison with Non Linear Regression Analysis (SAAM)

Rate Constant (hr?) Non Linear Regression Analysis Non Compartmental Analysis
kel' 0.077 0.068
ka' 0.11 0.14
kd' (fast) 0.41 0.31
kd' (slow) 0.026 0.027

Non compartmental analysis:
kel' = 1/MRT

ka' = 1/MAT
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Expectation of IVIVC:
BCS & IVIVC Potential for IR Products

Class | Solubility | Permeability IVIVC Potential

I High High Gastric emptying may
be rate limiting

II Low High In vivo dissolution
may be rate limiting

III High Low Absorption may be
B rate limiting
|
o I1v Low Low IVIVC unlikely
e
S|OW b_hz 4]4-9 n'ﬁl“aﬁ s T
Average 4.82 7.54
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VWA (S0l Criman i J o8 Q8 (o i YL YO H1-YY A 5 0AY aadlas ol ) Jaala sl aala a1l
instant aﬁ‘)‘,\‘)é _)g\ dl; &Lu.u\ salatil d.a\é AUC L ‘;‘5 JJ\AB J).L)ls Cmax B Ry U:'\ U:“)"L‘" tih.u\ )SYL' ) J\ 90l g
sl le o cdale 2l ) (i) 8 Oy pea )0 25 438 W 03 ) 58 cp) 50 AS | pa it 4al se JSe L aa 3L 23U release
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Evaluation of Predictability
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(a5 i si € ol g 2yt e S0 (sl adlul) Gl Cusall) (6] pla

F.Dose F.Dose 1.44F.Dose.t1/2
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W g0 ila s mhaw (AL b (Therapeutic drug monitoring) TDM :a kg Cracd
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. L B g5 s ) g Liad jiS)
CYP2E1 PA50 alewrs Ja g5 (3 2| 9 La) (AS) g

CYP1A2
g d\.ﬁdﬁfﬁj# RSP Shds ) bl Ha 5“5'1}‘\:“ s 2 P450 ém\ Lﬁuﬁ‘)éjjﬂ‘ ‘;J.'\S\‘):\. Jss o
1 08 slciand il Jsiwe i)l dgay il Soandheail asl i) 52 4S ol
Ol 2 48 a0 02 A 12 a3 ) (S0 Superfamily iies (o ghesd i gl
02 s gl dea g s PASO aluss (o) i s Alide sSisn ) 2 s e Ol
4 S z )R G (HB5) Ol 4S8 Gl glad) s eal @i ) CYP3AS 0l (YL e

A0 Gl R o8 o) 3 53 pagad

IPA50 L o gilia sl giSld

Caans 48 241 Jlad i a8yl 8e) sl (55,00 GRS L passl silie (il 81 Jie 1 e Tama Jal s Ly 5l 5G]
(25 (= Cuam L availability Uil 4l

Agent Isoform Induced
polycyclic aromatic hydrocarbons in cigarette smoke  CYPIA
anticonvulsants CYP3A
chronic EtOH, acetone and isoniazid CYP2E1

sl Gla e 0238 Hlea 2

1A2 2 Gl g8 5 2D6 L Gt aiile ali (sl g5l (51 s (B aai KL -
Ot g 5 ) ¢ 9 S 938 ¢ Cpiagbn 233e T pt uSLiaS 4y Jlai] -

SECOBARB «J g2l il Joisi) 233 :Suicide inhibitors -

0 e 0 yigr 230 (oo CYP 4l 5o W 5 )1y Cainia 1y (5 68 sl gilie 5 hasi SGLE ICYP 6 (05 L (25 by e 1 3
20 ) Jidwn aiiea Caucasian 2 5 ) aa 53 10 4S 2l (poor metabolizers) —amia sl 0238 6 3l sl CYP2D6
.23l -« PCR-RFLP(pharmacogenotyping) b (tulid (W 4S ool aialis JN

Sl sla S 3 3Ly variation dle ) (Sa g sase Gred 5 Sl IR S aa Qa5 a g ana s ) e Gl 143G

Sl
SsdaS 5 daad b je0 all ) Y sl Fast 284S lla Ja o) 50 S )0 a8 Y sarae 145G

D 2ish e 03l 5l 2D6 L 4S (52 50 51 0 CYP2D6 alise (sla byl 5o JSQuS (sla ady 3>

POOR METABOLISER
mutimut

B

Flecainide Metoprolol
Propafenone Timolol
Mexilitine Propranolol

EXTEMSIVE METABOLISER
wiiwt

[METOPROLOL]ug/ml

04
o1 2 3 4 5 6 7 8

Clozapine Amitriptyline
Haloperidol Imipramine

? Time (hrs)
200 mg po

PMs show large increases in AUC compared to EMs. The PE'!T pl ienazine CID [T"II[JI dmine
high plasma levels increase the frequency of adverse drug RF.'I'ﬂ I'J)(i f]' ”d =
reactions (type 1) and reduces drug tolerance in PMs. In the B N B
Case of METOTPROLOL, PMs are at high risk of hypotension * Th |Gl|d azine

and bradycardia even at normal ‘therapeutic’ doses.

),\\)g}.lj\ﬁa caﬂaﬂﬁ&@)ﬂd\)ﬁ\ ‘Aﬂac ﬁ\ﬁd\)é\ Avilaa
a3 ol L o g 3l sl (sl 5 1a Ly 251 o) ey oSl e i1 8 e Aliss ol L3351 2D6 ) skl (il 380 L
AdL
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Indication result to result to toxic signs . . .. - .
ldose 1dose 9 kel 0l ¢l in vitro W cwd 2

INR o nbonldyls e

TE disease high INR low INR  Bleeding TSH o) b oS58 @

Js S ()l b o) o

Hypothyroidism low TSH high TSH Hyperthyroidism

Raised cholesterol ~ TAST/CK high TC Myopathy (@ QA ) rha clale o 3 Al .3
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5 S0 darille — e jan b (5 lan — (Cunia (sla 02K 5 il silia) S5 sl S8 — 5 o Lud) Cads
e |y Rl 55l o a3 Hlen St O e OV (e SRy Cal )

sl @) S steady state gl GRS 6 gl Klijge LSS B

(:.h:JL} PR ‘J @LA‘)A )3\ e.«.\.usu J\ La 3 50 Jdlaa u‘ BN 48 @L.w ‘Lower limit °
MJuﬂﬁgm.uu\JLc:\.})‘ Aa ) 10-5 d‘}ﬁ@iﬁu A.\SG.A‘)}JJ&L\WASGALM Upper||m|t °

Q}_ﬂf:ﬁu\Mﬂéd\ﬁm‘AL\..J\QJ\A?LLQ}J\A@JQL;\),M;J\ .Qu\gqg)}q)\dﬁd‘ﬁguﬁou)w%y
28 om0 sad ) Celu b bl a5 il

Ol 51 Ll el (oad Cy (ISia (28 i jeae el (il s el 53 (SO LD Glasols Dlan 81 Jgens clls s
o 25 VL Cad 8 (y5p 5 S G e el g aliie ) 5510 ) 50 (S e B apd i )4y 3l Gile )l
AL a3 S0 3 x50 s ) 5 a8l sl Gy calile LA (e e ) B A4S 058 i ene (5550 15 553 (A A

(258 Qe ) Sla) I35 )

2 - Steady State
< Attained after approxmately four half-times
+ Time to steady state independent of dosage

Steady State Concentrations —1
- Proportional to dose/dosags interval
- Proportional to F/GL

Fluctuations

« Proportional to dosage interval/half-time

» Blunted by slow absorption
0 I I I I I I

0 1 2 3 4 5 5
TIME (multiples of elimination half-tims)

CONCENTRATION

T g la ) A Shpsiila x>

Lyl gl v

lam aent Lawdly il 1 100 YL @ble b 55lS (85558 50 Gl s bal Ol jlan 4ad 3 la s la ol (il 5 Ky ) sivile
Sed e ciia (g 50 o s 58 LT ) aa )3 95 (YL 5 S e

10 53 4 el el (hair cells) (3 S e 15 (e85 3 st 59) (samasnsS 535 500 1 Chame
CrpalSaal g Gaala gl [ ) 515 (i :Cochlear (1
Optbalidas ¢ Cppaila g il [ Jalad 354 :Vestibular (2

IV plaliia ) chaa clale

peak 30-60 min post-dose = 5-10 mg/L

(i a8 a2 ) in) S g i 65 Gl zghae 3 )61 n Conan (L S 993 gl inaa Sy gaa 0)

Trough before next dose < 2 mg/L
2 (oo G 58 G pan deal 2 Ll (e GRS 553 sl (Sl B L Ol b 3

(in anephric patients creatinine clearance = 0 : adjustment, knr/kr = 1/20 so dose reduced to
0.25mg/kg/d or interval increased to 160h)
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(.ol 2l 1)) pg/ml 40 umol/L s a2 3Y)
250 o YU Sans Jlaia) 5 239 (e 30 T (551 s G108 s 9358 0 5] 5 Liana sl sila

S oS pa pa8lind tiam

Phenytoin, phenobarb, CBZ . )

Lamolligine v I K I I P K Y-S S VO ToN e 1 (R PE P K
Valproate

Felbamate ™

Ethosuximide % .

Gabapentin §=

Tiagabine N

Vigabatrine D o

iy 3 g ol s ll) 358 a3 (5l w5 Callad G 581 s 45 s 4y 5013 () 48 il Bl an g @
il i 23 5300 A4S 255 W 510 sl 5 OCP <Warfarin ccyA ¢y ¢0s el 83 e W 5 )13 (A anl silia (il 380
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PO e s adalae g oad pLAd) ) 55 a 4S 2 5800 0 el silie Gl alinS gy Al g 4y gl (pl AS il il aa g €@
Dl (Plad o ndy dw el 150 4 el 15 (10 5 3 siee 50 pee dadi 5 2 1 4 )3 4 Jhia 4a )
P oa i )9 ¢ spnilpns s L Aeld) )3 5098 (e 00l 150 JsmesS b i 5 3l S b

Gl L oS JSie 48 (S o dla sl (o el e gaae pa kel oy (had e SIS 5 ) S Syl a8S
sl ol e Gl (Sas 2l o ot oad AR a8 550 SIS 535500 VL (e ya s ) Gl 35l
Galdeli v

Therapeutic range: 5-20 pg/ml (28-110 pumol/L)
25 il ¢ ol S 1
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Therapeutic range : 1-2 ng/L (taken >6h post-dosing; 1ng/L=1.3nmol/L) for inotropic effect not AF.

Mechanism Condition/Drug(s) Aol Jlel i 350.7 s calale gaslan 51 05 ) calale
PK 7vd and CL  Thyrotoxicosis/T4

a5t sl 350 5 E il 5§ sed clla Jald 5 gale alse

¥ Vd and/or CL Verapamil, oo Oy 4S 28y (53,18 (21 53 i) e SR 2l sa 3 5
amiodarone, propafenone salse 8 ) adle W AV junction B <SSU il il

T absorption Erythromycin, omeprazole S o L3l (Xanthochromia) bn & 2O e O
G ol Sl sl (5L ) %010 4S anly 438 4 i

Db 5ol G s s 5 S ol slia | 5 la ) 23 55 e
¥ GFR Any cause of renal (lit/kg 5) .ol 245
impairment/Cyclosporine

¥ absorption Exchange resins, kaolin

L g 30 Al Haea A Cawa & 4 5y
PD increase block of the Na pump St 83 T e orE )

Hypokalaemia/Kaluretic diuretics 5 o35n 3 b el s sNE GS yu s antineoplastic Gl 1)

(.\—"-\E"-\“: OS2 ead (sl Dl Jﬁéj_\j_\yoﬁc)héé

T il Md g a3 Y g g >

Phenytoin, phenobarb, CBZ
Lamotrigine

Valproate

Felbamate

Ethosuximide
Gabapentin
Tiagabine
Vigabatrine

a0 S 550 apdait 5o )S dnal e il 8 5 e 4y S OS2 teileld U i i 1 L pSie (sl gl Gl o

50 USasS 5 neonate s il 5y (SELS sSlala (sl el Jly <l i 4S ol K5 Jn SQ 4S8 s JSuS Juad (i Al
(B s o ) adkas pe Crand (axishs (sed s 5503 S pu)
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ADVANTAGE
CONDITIONS * Individualizing therapy
* Pharmacokinetic variability Mor g ar drugs
1 therapeutic effects C
ncentration

NG
eDesired therapeutic effect
difficult to control

MATRIX
* Plasma
« Bicod
* Urine
« Serurr
DRUGS
* Anticancer
* Immunosuppressive
* Cardiac
« Antiepileptic
« Bronchodilators TECHNICAL
* Psychotic o HPL
*Antibiotic

Cod U Lpnigdy AS 013 0 9d JA1D cdan 3l 33 5y (ol SgaS 9 baa gL g (g e S IS Al VP e e il

N XB SR RPRTENSTY WI-EN

:(Therapeutic drug monitoring) TDM <& 25 >

L e slasla o Ui Cad Ol slen (s 5 pm clandly 5o Lagpla lale (5 5% 31l 5 a2 Jalid TDM 24l 3

2 e D) A p A Cueal ) ) 3 5e )3 TDM lea

(narrow therapeutic-toxic range) .28L Sa S (Sl ya o yaiy b 5yl (1

SO0 25 O ol O (SRS sSLe )l (sla sl plie ol g 5B (2

Jlie Gl sie 43) 2 sdiee Sl (b adle 5 L (LAt s (B JBe () sie 4) 2sdad () a4 Sl 1 (3
o) 53) Waaliail aua Ly (35S (8 o 3lail 1) BLP afiise 23155 (0) (53 L33 (EAIS aiile (63 5a (sl Cal iy (b
(o) Pl 350 50 Gl (30 AST pa) ol i (S e 5 S 031 Lagians 1) ali aial (e )

013 355 (31 Jbe O sie 43) (Sadsdem b Aisai sl 2 (sl S s lle L Cp o eaiie alal ) (4

sl (s 53 5508 1 (01501 eelisS (30) Ganlia 5 3l 5 st (55 S (5

(255 Jlen compliance b s IS Cul (Sas) ol 2285 028l sllae Ly JUST 3 ) 50 (e S (6

sl 4t K1 58 saldind U oy 3 350 YU first pass metabolism b 250l (7

D ady o) Gayha 1w e ol i 398 Can ge A4S 280 paie b 4Bl Haad 5 lS Cuma g )l Jlen (8

Table 25.2.1 Therapeutic
Concentration Ranges

1) odal il Jgan jo S g8 Alad (eoa) o393 L S 5 502

ey

9ol dosing JJ_’A‘)J“:\S}‘ ‘;ﬂ.& 4..\.;4)3&_;.‘&):_5‘)@)‘)\3 sM}JQg\GL

Drug

Therapeutic Y (e i)l )
Concentration . ) i )
Range il Ol 3 se Sl al (55l gen Il 08

Aminoglycoside
(gentamicin,
tobramycin)

Digoxin
Phenytoin

Theophylline

G50 B €8 (uia ()5 omt Jlan e 0 (a

fa s (i) S - 440S) Al Cumia s ()l gl Sl Al e Bl (b
(008 5 S Cymacay cliod (5 0

0.5 <--> 8 mg/L

0.5 <--> 2.0 ug/L
10 <--> 20 mg/L
10 <--> 20 ma/L
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IJ maintenance dose 545! loading dose ¢w 43 gai (axila Jlu 5 Jalai ¢ 43 jad 5 AS e Dal (55l paa b G
Gl el B 5 59 Al )3 (583 5 s Himing ¢ ) )2 sed (Gildas) diad e 4l ) (ola dpa g g ea S Ailaa
(M0 QL3 1y ta il ly palie H lay LS

100

= -1. -
kel =0.23 hr Yp = 3.0 hr

Concertration (mglL)
=

kel =0.18 hr1:t

typ =38 hr

| | bl T T 1
0 B 12
Tirme (hr)
alsa
asnilaa o Jlsn | K )50 3 sl dnasi 5o 8 (b)) SinS Slala a1 st asi 1 b)) @l Gl v
S OSSOl Asal e 4 Gy () U5 2 p8a 6 R0 Gl Asai a3 G e po S
S350 a5 el 4 S 1 ) 55 (o0 s Gl b ) 4l W 46l ) idosing s oSS sSlajli Cluslae vV
u»‘)fwaJa)B&HL;\Aqmﬁjjj\a‘ﬁjj\aﬁa&mmd\ﬁﬁdﬁabaﬁdu el 2 S saldid ol o

-

Ll

(a5 SR sl 53 358 e 1A i it sl il aa 5 il b G sa okaide tdM (s sSon sl V0
D59 prhal )2 48 250 - slae 3L AS 3 Lais (gl 5 SU (5 itz shae i Gaenlaliia 5 e 555 ¢ (adSaal
st tdm s el 3 LS 05l sl 5l ilS s Sl jo s

108248 32 Dosing wWaade >

slail i ¢l s 39 (e (oasbiad s lad (Sa3han £ sl T 3 ool Cuma g oaiiS Gl (K05 5l s 3 slaai) s
A4S Gl el A Dl it ) 06l (e mBhal (Sa S 56l 58 Ol s alad )3 5 la a8 g annd gilie e ) 65 el
A it (Soidm el AL g b a5l Cuma g (Al

A (oo o2l Ol jlay alite sCuzas 355l ) (s kee Cumia s 5l 0 63y £ 53 (2

Sl 513 (sl plail 5 (512 I3k 4 (sl sl 3555 O U 4AS Cad Gl JSA S ) 550 el OIS B )
OIS 5 ) ) Glallas aladl cpinas Gl ety 53 Q)6 3 5ol Cumag 3 3 (S Gl Bl cyaa
oo sl s 00 S5 ol g b st G s p8adia ) e85 50 aan QB sl gai 25 353 il 4 (Jlua jA
sl IS ) (553 5 o o cialina by (159 bl s 3 sise e ] 350 llaati e Jlu S ) 38 3 S8 58 (5 a0
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Table 25.3.2 Physiologic Differences between Neonates and Adults of

Pharmacokinetic Importance (Hilligoss 1980) «s3 s o5 3l X Sl pw s 1 (Absorption) i .1

| Neonate | aduit | (o3 L/J\‘)"‘ 022 S) 2 (achlorhydria) Lo KT )l

Gastric acid output (mEq/10kg/hr) 0.15 2 3L QOYLS ) GJ“‘“' 4 o) ) e il Qs S mus‘
Gastric emptying time (min) 87 65 ol b el (i S «5““‘)5 Aadii 3ty e il 580 A;JL“'

Total body water (% of body weight) 78 60 ‘5“}:” ot g o ol R 030 e Gl D8 Ol s 53 il 4
Extracellular water (% of bawt) 44 " 4 s> (irregular intestinal peristalsis) o35, 252 SIS
Intracellular water (% of b,wt.) 34 41 sl e deJP JSJ)S J O\JU}.’ >? Lﬁ})b J.\ > s uh
Adipose tissue (% of howt.) 12 1225 5 s mS ) sie 41) o2 Total water : (Distribution) &Jss .2

Serum aloumin (gm/dl) 37 4553l dyim 45) dage GBS (855 ol Je Jsk 0 (0 03

Glomerular filtration rate (ml/min/m?) 11 70 Cal _\\)g\ Cymn cliia B ‘;S‘}); GJQ @LA (.\:\.\S 4,,;\)& 3 Can

(dhoe (BAIS H5 e 4y 5l 35 (B3 i) 5o 5 o ()

OV Jidw (ool ysi 50 (volume per body weight) G G5 aals 8 )3 asa Ol sin 22l Gl @) 55 aaa K sk 4
o3l CpulSaal 5 o S ccplin ol 35 50 50 ) L ala e GBS LR ) s s (S0 5S (0l 550 3 5l GYLE )
VL&) 5 SR 50 PSasS L e 3 o0 Al gia 03U 1 55 3 Lawdl (sl (pify 4 Jlacail dus o a4 ol 00
0 Omsesty iile e ) ) e gy ol Cayd 650 s 51 ) 0 a5 sl (s 5 )1 () a8 3 ) 5e () AS AL YIS

S oia | ) 8 Gal 6 )b Ol ) 53

U Ol 5 b e eSS aliaa s rate L sl aud slie Al (sla juae 1 (Metabolism) s sibie 3

) n 2l ol S 08 ma gl gl e 38N L 6 S g (Sl 5 cond A gia o 3 a1 ) g (5] 0 W g )la e salia
83 (LE ) a2 saaliie &) i) g 658 ) i e Jle dia 3 gk Gl O

e A 5 3l ad B cand silie g Lo (J gl ola Jsha ) 5 0 0 jal sl 4l Sl (a1 )50 5o (IS d ) JUia
OYLE ) 5 L agliia sl 4y (S ¢ Sale 73 0 ) 50 G (s 0n niese S Usenae b ag) 2l (s i€ Cads 5 5554 2508
L el g my (IS aldie S i S e pand QLS 3 4iliie aalie 4y o0 (il 2 e A 5 2 pdee ol silie

S gl Cele 29 B 13 jae A cdidgy oadialgia oS (55 L AS 21 )55 8 5o (om0

D Jsana sk 4y 48 ISkl IS aiile (a1 (51 Gl ol 2l HISU SIS Al 50 50 G asliiig ) S5 (a9 Jlia
Db VLS ) 5 4p s ol 53 5 oF IS i )i (5 800 saee Slplie jase gt 5 00 o2 g )5S 5B GYLE )
Wl il

CAsimalin) Cada o)yl () 48l a6 a0 A 50 ) (Sulfate conjugation ) <l sw b o 48 LS 1 su i
Aol Q‘)!L.S‘)‘}g s cada b galh ) Gl sd‘);tgu.n &) ga Sulfate conjugation Gk Hlodee HhyaS g

L Ky cOsid sl on ) Qlla g il i & e )8 g Ladf avsdf pilie b MM ns 4S8 5513 )0 2o ke Jie
e GRS Gl Ololan )3 Vi 5 asadd silie O Jaa SiShas Lal ciS cad il (s G0l 581

38k 5 Jdsas Gsml jild 1 (Excretion) ads .4

Table 25.3.1 Glomerular Filtration Rate at Various Ages )
| JalS cgan B gl s 5 o)l st 02 4lS Jsss

Age GFR (mi/min/m2) ) Jw i @) sy 48 0 )58 GFR Opinad | Cul 438005
First four days 1 /5 LAGJ).\A‘)Ajg‘).\S‘\.;‘&u\oAﬁ “].w)\ Ry ]
14 days 22 Al e il 580 QYLK ) 5 yalie 4
One year 70 _ .
rdul o 6528 Ol S (68 01l Ly 4S5l Y 558
u

g ole 2 U 1 casdioa Guad dul Ko g8 slao/ by s3ls
G 2y (e VLS s plie o (Sale 6 51 am)
neonate L ¢l js s 5 Gl el ¢panaliia aiila iy (Ko (5 58 @y jruady Jsl4n 0 ool adsas la sl
G b 913 ol (5 9l il RIS Say €33 513 (prolonged elimination times) (&Y sh <3 () cyoung infants s
Ale alS GYLE 5 4

1SS A g B waa Jea L bl 0 s duag Vv
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« Dosing based on weight, e.g. per mg doses or Clark's rule

Weight in Ib e Adult Dose
150

Equation 25.3.1 Clarks' Rule

Child Dose =

« Dosing based on surface area, e.g. per m?
« Dosing based on age, e.g. Young's rule for children older than 2 years

Age in years

Child Dose = ———————
WELERPE Age in years + 12

o Adult Dose

Equation 25.3.2 Young's Rule
‘Ol o Dosing @Waada >

oo Jaaia )5 el (sla 4i3a IS 51 730 Ll cxind (oo JSi 1) (e s1S0al Casnan 1 711 L il o slaw 42 S
Ci e 31 (51 s2as 558 Cpusa il An &) 030 740 57 16-18 wauisi 4 o851 o) o0l Jlaw 30 o 2543 g iascfi 15k
23010 i 550 258 o aladl JAS L J 55 Gl sl b ¢ jlan 5 (5010 lalllae yidu Ll cativa La 5 ls Raug
ol 3 B (O 79-70 53 721 43 Jas 29-20 L2 73 1) ks e G 3l s s 15 cJs 79 6 Jlas 20 352a )
3 oo 58 B i 4S Gl () e Cliia 53 2L (510 AN 5 aaae (sl 510 Caeae Jla 4p sl (Sas i) 4
o be G G ) 30 L a5 510 ADME slaaiyl i )0 <l yuas 51 (ASU cle SUal o 4y (5500 Capans Sl 380
S el s oy 1) ADME Gslaail jé G 5 00la Sl 8 a3 0 0 a8l o B (5 048 1) (55505 58 Dl s

2R Sl Ol Ay ade S5l g < ) G Gl 3B ) ) KIS gSLa 8 &l sl

s 52 4 shile : (Absorption) «ia .1
Table 25.4.1 Summary of Factors affecting Drug Disposition and

Responses in the Elderly from Massoud 1984a 29 ‘;\ﬂ) Jx 52 8 e J\ (5l cctaml 022 )SJ
Aecad Bpaloiony Clinical Jia £ 0 jud \) }‘)\J [SEREN a}sﬂ_j ‘)_,Lg < A.U\J
Consideration v 3 PH &l s ¢ Gl R ol&ins S s

gastric acid secretion,

gastric pH, ¥ Gl blood flow, | vered dissolution rate, possible | 4 (s Jad sk 43 4S8 S 5 ) A )

Absorption decreased absorption rate, time of . ] R R - .
pancreatic trypsin, - GI onset delayed ‘\-J) Gl o2 028 Lia (e 21 81 3 A HialS (i ol
i S Gin (0T 5 el camlS ¢ SISYIE i ol sie
Distribution . T .
4t Jlad e glaan) i 00 GadaS e gl
wer btodtal bo'd:; wate;d Ifean Polar drugs tend to have &) 2 tmay 288 258 o OB Al e IS sk
Composition 0 )('f:v:::et; macl)e)y at Vd,lipid-soluble drugs Vvd -o uh\_s OU‘P d.\tu R 3‘.)-6" By JAAL!).J):I
- S—— i e a L- alea 3 canlllan 050 sla g yla pla (6l 0 0
rotein ree fraction of acidic drugs, . . .
Bindin GP, gamma globulin, ) _ 9 5 Oprial ‘d)b—"‘);g)‘);j ‘djlj);gju «Dopa
9 e free fraction of basic drugs . .. R P
RBC binding L.J‘ rﬂ;:u\}\.} L 48 sadt s2aliia EB ) u...\.msjiéj
enzyme induction, decreased metabolism and 0% CPmax YL mlie ad G a4 )
hepatic blood flow, * hepatic clearance influenced by Sl i Jla ol b ocad saalie 2 3 edlaad
Metabolism mags, acetylation, environmental factors e 2 J S * A
icoronidation, (e.g.smokmg;n:tt::on) oxidation ol S L P88 Y pad L ole e |y Gl puas
mixed function ¥ Al @m}j
Excretion O v renalplasmaflow, decreased renal clearance, * half-

active secretion life JLA.'H O Uiﬁ\,)ﬁ‘ L (Distribution) @Jﬂ 2
Wgd sl OB b S o Al st Gl S
AL Gl b aalS G IS (555 Ll (s O (Slae 36 5 b il 381 %30 4 %15 ) ol (San G (2
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o ceadioaly (i Jsaa 248 jshiles 5 Gl sl glie j3 18 50 el &) aS 1 (Metabolism) aesd gitie 3
4 Jlail o 55 4) (g Juall cad S5 8 (i 5048 jshiler oy e (LS (G (138 L gaS a2 5 aS A
e SlS 48 il (intrinsic clearance) 512 Oail_alSe 5513 pud silia a3 G Jale (e g, lan GBALS S (el
Ol Gy 25 st e () 3V G (Acetylation) G 4diind sy e 54 3 (Kies sl plie jae 43 5 S
VR (L) 5 O gl asS]) K il aual gl Canli S (o 5510 ) (A 6 0 4S s jee B4y G DSl i 3y i 50)
o JLE) (ol 555 5 Jsh 5l s 055 (38 ¢S sl 4 () e S ) s 4 o oe GBS s Ul 381 Ly ] i €2 58 e
A€ (535 aa e ¢ il 81 s (02 485 30S) i € o LA T] U8 sl pilio CiniaS (b 5 s il sy 0 S
At (0 saaelani o) 5S5) ol 5lat 5 (0 spmdhiinl) 2305 50l clag alen ) 4S

O a3 (AlS ¢(%20) 4 ol Al L (s ye o8 G sand il 355 o G380 L 1 (Elimination) <iis 4
Ol S b e (1S (%50 -40) S 05 Gl GS 5 (%30) sk sl s el sl (2alS ((35%)
Al GialS ¢ Dliae 058 Al a4y 5 G Gl 81 b 508 (SrCrr) e

U () sie 4g i) S il 5l dadas (510 233 i (5 5aS (s lan 40 da 5 e (S0 300l 4311 sl Jged ) el L
Al e Ol oban 3 5 3sdca @83 IS Basha 51 AS e gl S aaliil Ky e m) ladail dagl Asgii 53 5 e )
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: : : P 4 . Table 25.3.3 Phar kinetic Pa ter Values for Infants and Children
An |Ilustrat|o_n of the type of change in pharmacokinetics with age is shown TR T T O Py
in the following table.
Volume Half- Total body
Age group term(L/kg) | life(hr) | clearance(ml/min/kg)
Table 25.4.2 Pharmacokinetic Data in the Elderly and the Young from Theophylline
Massoud 1984a
Elderly Young Premature neonates  0.62(0.19-1.0) 25‘59_5 ]‘;)'4- 19(6.3-29.9)
- Vi |t g vd |t Infants T | e 76(28-156)
(L/kg) | (hr) (L/kg) | (hr) s s
Children . ussé) ) ‘3(5‘) ) 95(60-221)
Ampicitin 03%  87%  Gogimpg  03F L7E 444
0.04 59 0.04 05 Adults 0.47(0.33-  5.7(2.9- 65(32-131)
0.72) 8.3)
Chlordiazepoxide 0.38 40 10 ml/min 0.26 7 30 Gentamicin ve TBC (ml/min/1.73 m2)
. . 412 70z 08£02 53z 37+ 17% Preterm infants and
N 0.48 5.7 21.0
Digoxin 09 43 mimikg 06 45 02 full-term infants
Infants and children 0.28 1.4 130
" 48+ 40+ 24+ 29+ 41%
Nitrazepam "% 47£15Uhr T o0 Adults 0.21 21 95
Chleramphenicol vd TBC (mi/hr/kg)
Phenylbutazone %10; 3:1* 275miminkg 016 110 29 Infants (13-56 6) 10
022 P 33205 02d 382 Infants (1-12 mo) 0.90 5.5 50-400
Warfarin 0.01 10 mi/min/kg 03 372 06 Children (1-11 yr) 0.90 4.4 100-400
Adults 0.4-0.9 25 100-300
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