PK fundamental parameters

PK theory lec.4

Area under the curve (AUC)

Area Under the Conc. Time Curve

(AUC) calculation
~« Two Imethods:
> Model dependent: can be used only for one
compartment IV bolus

> Model independent: Can be used for any drug with
any route of administration
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How to calculate AUC?

((’P-—‘A)I ‘L\/w q.)ldd)

* The trapezoidal rule is a numerical method frequently used in pharmacokinetics to calculate the area undg
the plasma drug concentration-versus-time curve, called the area under the curve (AUC).
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FIGURE 22 Gréphof 2 alimination ofldrueg from the
plasma afrer a single IV injaction.

Fig. 2-2 shows a curve depictirig the elimination of a drug from the plasma after a single intravenous injection. The drug
plasma levels and the corrgsponding time intervals plotted in Fig. 2-2 are as follows:
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For sure you know!

- Whatis the trapezoid?
D (@ |

A

« The area of the trapezoid is equal to what?
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Area under the plasma concentration
versus time curve

» In  the a ce of the 190
___nglgdge of the intercept =
the plasma E &
concentratlon versus time %
plot and the rate B ¢ AUC segment
constant(s), the ¢
trapezoil al method B
permits determination of §
the area under the plasma ¢
concentration time curve S 20
(AUC). The method,
however, requires 0
knowledge of plasma DT (e 4 6 g 10
concentrations at wvarious Time (hour)
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Cont,

Area under the plasma concentration

versus time curve
- To use the Iinear trapezoidal method:

1) Divide the area into different trapezoids based on
the observed data (the previous figure can be
divided to ten trapezoids).

=) Calculate the area for each trapezoid the area of a
trapezoid can be calculated as follows:
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Model-independent Approach
Trapezoidal Rule

. «The area between time intervals is the area of a trapezoid and can be calculated with the following

formula:
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Area between t2 and t3
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« The first segment:
- We need to determine C, °O—> HOW?

= = 7(1-0) =1
AVCE ={ EQ; E—L-(tl/)?

>\,u§f - The last segment:

=00 C
Nas
AUCtlast—oc — / Cp. dt — }ka :
f=Llast ‘
e Sl Nen: e ) AUC unit: Conc. * time
AU C s l?_? | EX:mg*mi?**h = mg*h/ml
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Area under the plasma concentration versus

time curve-Example

Assume the following data were obtained following intravenous
administration of a drug (K=0.35). Calculate the AUC

ime () Conc (mmg/1.) AUC of trapezoids J
O 1=>5
SS8.75 106.88
> 6=2.5 Tl 5 o
A2 Sl
31.25 S>>
é 15 3625
S ~.75 PATL LT
1(% 3.8 155 L s
In > O A sel
SULIM 364.82

Elimination rate

Elimination rate constant (K)

- Elimination rate constant represents the fraction

of drug removed per unit of time

- K has a unit of reciprocal of time (e.g. minute ™,

hour?*, and day )

« With first-order elimination, the rate of

elimination is directly proportional to the serum

drug concentration

K is an overall elimination constant . . .,

K = K renal + K metabolism +K..... dyvy 3 Simitien— |
«All are responsible of decline of plasma concentration ——s3gr (<

Scanned with CamScanner


https://v3.camscanner.com/user/download

Elimination rate constant estimation

Plot log(C) vs. time

Plot the best-fit line

Ustimate K: 9=zt g+
\ J— ol

K ==816pe:2:303

Q\I.W\'m(/\)f’\ﬂ“ tate @nstant estiwabion i- ST, v
S\o? N s
N
= k——k - -—-kXQtEOB
&f 2.303 Shie

Coni

- Plot log(C) vs. time

<
<

Log (Conc)
¢

Time

——
.
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.- Plot the best-fit line

Log (Conc)

Time

cont,

3- Calculate the slope using two points
e best-fit lin

log(CI ) L2 10g(C2 )

Slope=

tl _t?_

(Log(C1), t1)

Log (Conc)

(Log(C2), t2) wessV

Time
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4- Estimate K

Log (Conc)

;%(@ example

Cp versus Time Data
Time (hr) 1 2 -4 S l 12
G ,\CM\ffuLfvf"’ Cp (mg/L) } — 12 = T Sris == 1
100

INnNcCi2)—IncCil)
2 )—n11

" —_— ."‘){,x' S e
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Elimination half life S Bk o). G LI

l/(:;me 7
[/min (min)
-
- Elimination half-life (t1/2) i (jjﬁ').

» Definition: Elimination half-life is the time it takes the drug
concentration in the blood to decline to one half of its initial
value.

* |t is @ secondary parameter :The elimination half-life is
dependent on the ratio of clearance CL and VD.

e Unit : time (min, h, day)

VAR TV
B EARSER ) X
V/D':,\ koo bp w4

—

Elimination half life (t,,,) estimation

~0.693 Jolel Uit Lo
. Two methods: &tl/.?, — -—k—— Kf;s\- urA:;Z k"ﬂfo‘\\“(f
- From the value of Ki\ Z

Josils 4 o\ LB
e\'minat 10n ml{Corﬂ}oﬁ\‘

?{(s\r s(eV" =2 et

—

_—

s Directly from Conc vs. time plot
- Select a concentration on the best fit line (C1)

- Look for the time that is needed to get to 50% of C1
= half-life
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. // Co._ Co* e *(z—h) = —i_ (o) s “
,//// ; 2
1 3
CO =e_k(,' 5 _> _2_ — e ‘11 2
2Co |
>
In0.5=—XA¢,,> —0.693=—KZ,;>
I
freessi0:693
[ 12 k
a_Jl sl
I(half Iife)
7/. 07,
Y Sy

.fnab‘ova 'x/udb

Cont,

- ~ - : /._—7 IS ——;—5\\_’/:9)\ :b
Elimination half life (t,,;) o Cconey
z T 2 s
- In Q).half-life 50.0 % of the drug remains in the body and 50% of the drug
]

is eliminated .
In 2 half-lives 25.0 % of the drug remains in the body, 75.0 % of the drug

is eliminated :
« In 3 half-lives 12.5 % remains in the body and 87.5 % of the drug is

eliminated :
- In 4 half-lives 6.25 % of the drug remains in the body, 93.75 % is lost
- In 5 half-lives 3.125 % of the drug remains in the body, 96.875 % of the

drug is eliminated ;
« In 6 half-lives 1.563 % of the drug remains in the body,98.438 % is lost

u)\p’/ In 7 half-lives 0.781 % of the drug remains in the body , 99.219 % is lost

__eol

=225 Thus over 95 % is lost or eliminated after 5 half-lives. T{pi.cally, with

pharmacokinetic processes, this is considered the com(s) etion of the

o process [Although in theory it takes an infinite time]. Others may wish to
wait 7 half-lives where over 99% of the process is complete.
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clearance s-{body) —'Cs B n R PR

Clearance

- Clearance is a measure of the removal of drug
from the body ~

- Plasma drug concentrations are affected@ the
rate at which drug i1s administered, the volume
in which it distributes, and its clearance

- The most general definition of clearance is that it
is “a proportionality constant describing the
relationship between a substance’s rate of
elimination (amount per unit time) at a given
time and its corresponding concentration in an

appropriate fluid at that time.” - cL = Rate of elimination—> s, 7-@9\:")\
s | Y

(fiest ordler) s tuls cgfy lydash 2 (duse) bi b (1)
w/m)‘dl IV belus Cl,o,,)'&t’ dose a_!,a»\\ﬂ&,.
()"4; .4—““; Bssvd M)
Whous 65 Lo (S, (dishrbehinn LAs o) Wum 4-
queck. disieboHon £k /o ol _sda-

3o

‘1_./‘" Oor Ve _jaa) Q,A_Aj ) Cl@amr(’P Q‘é{,oms\')‘ i/
Peniclhvn o gls ) cleoyone C 59 u’f’_m 515 X2 Uppadd | 3 12, 3

Aol ( paartetion) U8
Cont, , ,WCD«% o
E ’ ._.a—---—_""'t‘

Clearance (Cl) P 67}’\‘5;3&7

)
(C\eomn(e>

- Drugs can be cleared from the body by different
pathways, or organs, including hepatic
biotransformation and renal and biliary
excretion. Total body clearance of a drug is the
sum of all the clearances by various

mechanisms.
oy Lo e
eMmingle) oW
(r“a’;ﬂr@é)}{p R0 == CLRENAL o CTL'}-{EPATIC +C]—4pulrnonary e Ot &Y
%{ﬁi’e\; . renal 4+ nonrenal —5CL tokal
PR P N3

"~ * Clearance is the most important pharmacokinetic parameter
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Calculation of clearance

Calculation of Clearance (1)

- Rate of drug change/ceclimination in the body =
XCp __k@
i

Ax1101‘?714° Arug in the body =

@ ! "”:’< )

Substit§tillg e i1 above eguation

I , - . -
k. v ——SciB” € ,) Lrlzait: Volumiee /" Tirner [ L./ 1] Ox aacdjusted
tor bhody weight 1/ 1x /2 )

W—J —*. Dividing equation on both sides by C | yields

Trg e ap.ldty —kV,C
(MY oV & Cinihtc
dDC/ it = —Kk¥V, =—CI | @ \/3.) @\
Gl = kX\L\A’ e g D

CoRt,

- Thus, elimination of drug with respect to drug concentration =

Clearance 7
G == lk = l
; D

Kk is dependent on clecarance & V),

Rewriting concentration equation in one
compartment i.v. bolus using V, and C/

O
22 (VD 2 CE= (0 C
e VD \
Remember that: V

X0
0N == CI/‘/'D = —
Vo A e

=

—(cL/ND)E

Concentration = dose/volume
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Clearance (Cl) estirmation

- FFOX AO)

1 : L LN W e W o ) = B & 2 O lkin e : i 1 in
OnNe CoOmmMpartiment) . clearance is calculated
SsSings: oS e

i =—

.- \“ : I\, G4 \
AT b COL \\/5\93
where AUC is the agrea under the concentration
curve (it will be discussed Ilaterxr)

Clearances=

Clearance of aa drug is can also be deefinmned by the ratio
of the rate of eclimination by all routes to thcoc
concentration of drus in plasynma.

Cl. — Rate of elirnination (e / I 1
iy pplaasraia ['1lg /IJ 1l
B h S & =

Volume/  LTime [I./1h] or adjusted for body weigsht
(l/1Ix /s ]

2, U P /Units are in L/hr or L/hr/kg

Chldpe

Time to get certain concentration

Time to get to certain conc.

- Time to get to certain concentration (C*) is given

by:

sy 8 \0 Badkard o ~

\u C—‘ Q) _

c* &'owf; X @ o 2 _;/ f{*’?\JeK., 0 O —3DW
- B S— 0 e

K P (-o )/ < C ¥ /f(k}\‘k’ =)
2T AL ey K -£ =1n gration
\ TiPY

~= 7il) Uﬂac\'\‘h\(\
IR Y
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Fracti on] of Dose Remaining (F)

After absorption phase (if any) is complete, fraction of the
drug gets to be eliminated and this is manifested by k.

~ If k= 0.1 hr?, it means that 10% of the drug is eliminated by
@03_._ e
gLl we the end of 1 hour. If k = 0.3 min™, this means that 30% of

e
@ the drug 1s eliminated by the end of 1 minute

Q\\N\\r\ 1o

sy _  The remaining drug (un-eliminated) is called fraction of
L) Lo S ‘

d\i@ dose remaining (F) \

Ftc‘ﬂﬁn d-e Do}( Q(M"\'\ I

(eltmindion) ¢«— /Lp Lo d) 3*5,' " (Un relak ed)

r SR Y T A K - \
o»; BV Qb e ’j’)—pl/%’ w@/\./e@)
. Cont (

( Fraction of Dose Remaining (F))

~ JF varies with time and can be easily determined knomng

e R
. the time passed and t > s \@ X “\D s Vr W
e Xotiophos @ (£)C () £ 72 ok N
st ovder If XimiX Qe M hon—a¥ e""} L
E 5 [ ]J:PT’ ; ‘\_J \-&ALP
ADCY P ;,'o and n=t/t,, L= &@ L
o 54
then — k1 —|( 0'693":1( Tre) O\OS\‘ \
F=e F =e Ty, XD ‘u\
= - =

‘ 1 AN ‘
. _—0.693x — S
Hte== F ( > )

n is the number of Half-lives elapsed after a bolus dose
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~ By knowing t,,, we can determine the fraction of

remaining dose in the body at any time point after bolus
i.v. injection
~  Example, how many half-lives is required to eliminate

o0% of a drug? F_—_-( —;— )('

»This means that 109 is remaining

(F)

>0.1 = (2)™ 2> log, - 0.1 =n

>n = log,,0.1/10g,,0.5

n = -1/-0.3 = 3.333 half-lives

@“M \v\o\\'\ov\ = Q0%

oY
cz\li\ K29 _J) - K:’ 0:\9
0‘\ = _\_i\n (\U"\)o—_—i— ;PLMJ_‘J ?:’- O\\ (‘U‘I‘)
MRy u
Y = B
o
3}9/

example X, =40 mg

= O 2
Case 1 Vd= 0L

- A(go-mg dos€d of a drug was administered as an
intravenous bolus injection. The drug has the
following pharmacokinetic parameters: kK = 0.2
h-* and vd = 10L = e R

1. Calculate the initial co piraton (Ca)eava. - o= )
2. Calculate the plasma goncentration 4h following
administration Cec = (o= ¢ K&

————

/3. Calculate the time required for the
o)/ concentration to drop to 2 Mg

It the initial is unsatisfactory, Calculate the

S ueeMo sl ¢ dose required to provide an initial plasma

~ die J) > concentration of 6 mg/L
vi- P
" "*"\'5\\ P\Mw\ C&V\(‘Qn"fﬁ‘lzk r— 6 Mﬂ'L —F
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Case 1

Calculate the initial concentration (C_,)

dose 40 mg

vd 10 L
Calculate the plasma conc. atg4 h

C=Cg-e"t'=4.92® 1 79 mg/L

Calculate the time required for the
concentration to drop to 1 mg

ln( C?k) =
1

Conk

Example 1

4) If the initial Cp of 4 is unsatisfactory, Calculate a dose to
provide an initial plasma concentration of 6 mg/ L

i dose s dose =C, - Vd
eV d

dose = 6 nrig-lOL=60mg

Or we can say that a dose of 40 mg resulted 1n a
concentration of 4 mg/L., how much does is required to

achieve 6 mg/L

_ 6*40

Xo By

= 60mg
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