


PK fundamental parameters

PK theory lec.4



Area under the curve (AUC)

Area Under the Conc. Time Curve

(AUC) calculation

- Two methods:
» Model dependent: can be used only for one
compartment IV bolus
» Model independent: Can be used for any drug with
any route of administration




How to calculate AUC?

* The trapezoidal rule is a numerical method frequently used in pharmacokinetics to calculate the area under
the plasma drug concentration-versus-time curve, called the area under the curve (AUC).

AUC = AUG, +AUC+AUC * Avc,
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Fig. 2-2 shows a curve depicting the elimination of a drug from the plasma after a single intravenous injection. The drug
plasma levels and the corresponding time intervals plotted in Fig. 2-2 are as follows:
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For sure you know!

- What is the trapezoid?
D \ C

]

A

* The area of the trapezoid is equal to what?
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Area under the plasma concentration

versus time curve

In the absence of the
knowledge of the intercept

of the plasma
concentration versus time
plot and the rate
constant(s), the
trapezoidal method

permits determination of
the area under the plasma
concentration time curve
(AUCQC). The method,
however, requires
knowledge of plasma
concentrations at wvarious
times.
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Area under the plasma concentration
versus time curve
To use the linear trapezoidal method:
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:

arca = =2 ;C' -(2, —t,)




Model-independent Approach
Trapezoidal Rule

* + The area between time intervals is the area of a trapezoid and can be calculated with the following
formula:

C +C
[AUC]::_, = klz ~(t, =1, )
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* The first segment:
e We need to determine Cpoé HOW?

AUC,, = {Cpg ;—Cpl ® (tl)}

* The last segment:

 A—
AUCz,,,_.,t—:x: o / Cp. dt _ Cl)liast
t=tliast
e Then: ) ;
AvCo = pr AU uni: Come s e



example

* To obtain the AUC from 1 to 4 hours, each portion of this area must be summed. The AUC between 1 and 2
hours is calculated by proper substitution

Plasma Drug Level

Time (hours) (pg/mL)
303418
AUCE = 222201 = 2435 g L . o
20 184
3.0 11.1
4.0 6.77

5.0 4.10
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G1.4+184) 4 (3-2)
Pl 2

* Similarly, the AUC between 2 and 3 hours is calculated as 14.75 mg-h/mL, and the AUC between 3 and 4
hours is calculated as 8.94 mg-h/mL. The total AUC between 1 and 4 hours is obtained by adding the three

smaller AUC values together. :

Plasma Drug Level

Time (hours) (pg/mL)
05 38.9
'y 4 '2 ‘3 4 4 1.0 303
[AUC* = [AUC]? + [AUC]? +[AUC] : -
‘l 'l fz ‘3 3.0 1.1
— 2435+14.75+8.94 40 677
5.0 4.10

=48.04 pug-h/mL
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Area under the plasma concentration versus flaf K
time curve-Example V.| =2-8%5 8‘r’5=;>o,35

Assume the following data were obtained following 1ntravenous
administration of a drug (K=0.35). Calculate the AUC

Time (hr) Conc (mg/L) AUC of trapezoids
o 1=
1 88.-5 106.88| Vol =2k
= 6=2.5 75.63 \=1250_ |0
3 43.75 53.13| 725
4 31.25 37.50
6 15 46.25
S .75 22.75
10 3.875 11.63
Inf O 11.1
sSuIm 364.82




Elimination rate
«_zlége;i}:;

Elimination rate constant (K)/ DK =~ Doph 2202

logc ==K _ + 1s9C,

2-202
oY

Elimination rate constant represents the fraction ,, _ K < =lop -
of drug removed per unit of time

@t -04as
/)2

K has a unit of reciprocal of time (e.g. minute, K
hour—*, and day1)

With first-order elimination, tl
elimination is(directly proportional to the serum
‘drug concentration

K is an overall elimination constant

*K = K renal + K metabolism + K.....
*All are responsible of decline of plasma concentration



Elimination rate constant estimation

5<3an=:£2;‘,'5+’

.. Plotlog(C) vs. time 4,-% ¢

" = : = . }”
MY Cazhy b= BELE = 4B

> Plot the best-fit line 7"

D)30.09 hr
E) non of the above -

Calculate the slope using two points on the
best-fit line

Estimate K:
K =—-Slope-2.303
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1- Plot log(C) vs. time
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Z2- Plot the best-fit line

L 4

Log (Conc)

Time
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3- Calculate the slope using two points

Log (Conc)

e best-fit lin

log(C)) —log(C)
t, —1,

Slope=

(Log(C1), t1)

(Log(C2), t2) w==?

Time
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4- Estimate K

Log (Conc)

K =—-Slope-2.303

Time



example

Cp versus Time Data

Time (hr) 1 2 -+ S 12
Cp (mg/L.) 20 - 6.8 3.2 1.3
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Elimination half life

* Elimination half-life (t1/2)

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

value.
* It is a Secondary parameter :The elimination half-life is

dependent on the ratio of clearance CL and VD.
* Unit : time (min, h, day)




Elimination half life (t,,,) estimation
).6
» Two methods:
o From the value of

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




Calculation of t ,,

Co

Co = Co™® e—k(’:—’l ) 9 7’ /(CO) = er(r' 2)
2
1 _
CO — _k("l-'Z) 9 — =& A’l
— 2
2C
>

an.Sz_kt].,-z —0.693= _ktl..z
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Elimination half life (t,,,)

- In@® half-life of the drug #&mains in the body anc- of the drug
is

- In .half-lives- of the drug fémains in the body,- of the drug

1S

- In 'half—lives-_ in the body and - of the drug is

- In g half-lives - of the drug #&mains in the body, is losH
- In ghalf-lives@.125 %6 of the drug remains in the body,©6.875 % of the

drug is@liminated
In 6 half-lives @5632 of the drug @émains in the body,68: 438 % is 165t
In @ half-lives 0.781 % of the drug remains in the body , 99.219 % is lost

Mo SO~
\
\nt S : Z}}) Thus over 95 % is lost or eliminated after 5 half-lives. T{pically, with
. (N pharmacokinetic processes, this is considered the completion of the

process [Although in theory it takes an infinite time]. ers may wish to



clearance

Clearance

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

Plasma drug concentrations are affected by the
rate at which drug is 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 satewmof
eliminatior» (amount per unit time) at a given
time and its corresponding €oncentrationinyan
appropriate fluid at that time.” CL = Rate of elimination , speich Vine —--©

C in plasma
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Clearance (Cl)

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. . Jiead gz 2
CL — CLREN;\L o CLHERATIC +CLpulnlonar}-‘ - . - - Otljel-
renal —+ nonrenal

* Clearance is the most important pharmacokinetic parameter




Calculation of clearance

Calculation of Clearance (1)

Rate of drug change/elitTmination in the bods =

ArTrnount ofdrug in the bodxs

<X,
dr

— —AX,

X, = F ,C,

Substituting X, in above eguation

X,

= — KV ,HC,
e £> x

Dividing equation on both sides by C , yields

dD /dt  —kV,C
C o C
dD /dt
= —kV, =—CI

(&



cl

COIIt, K/cv -
dA =~ : o
VI ga KRV —p (4L —-K xVd =cl=K* d-—-@

Thus, elimination of drug with respect to drug concentration =

Clearance
7/
7 —=KF,, fo=—r—
D

- K i1s dependent on clearance & V,

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

>x< °
Cp . e—(C//\/D Y
VD

Remember that:
k= CL'V,

Concentration = dose/volume
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Clearance (Cl) estirmation
- For AT 1. 1T 0N AR pharmacokinetics (GGncludings

one commpartiment) | clearance is calculated
TaASsSi1Ing:s —~7 dos e Al]c AUC Do - CL = Oo --@

AT K x\u L AUC

where A UC is the area under the comnmcentration
curve (it will be discussed later)

Clearance

Clearance of a drug is can also be defimed by the ryratio
of the rate of elitmnmnination by all routes to thhe
concentration of drug in plasyrnma.

CI. — Rate of elitmination [y /7 1h ]
| & in plasrna [mg /L ]
TUnit: Volume/Timme [I./hh] or adjusted for body weight
1/ b/ k=1
. , =Q# Lwmho

ol 9 (33
o LS G aHess) -6



Time to get certain concentration

Time to get to certain conc.

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

ke _ Co
_C*

C*=CO e_K" —— e
CO

C* &,m)lrﬁi%sbﬁﬂb\\\dﬁmd[@\sj’@
- Cone N\ S\o ey {4 Sl

<—— Ol sle
— / T
(W =36 phoran o )=\ ‘fo‘,;b,qamJl d’j

e Kt—ln




Fraction 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

the end of 1 hour. If k = 0.3 min™, this means that 30% of

the drug is eliminated by the end of 1 minute

~ The remaining drug (un-eliminated) is called fraction of

dose remaining (F)
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Fraction of Dose Remaining (F)

~ ¥ varies with time and can be easily determined knowing

the time passed and t ., n= £/ t 2.
If X = X Qe % ;:) =e X nw’nw-o"} b hﬂ['ﬁ'
and F=§’O and n=t/t,, L =n%*t,,

S s\y ' ! . .‘\h ~ s a .
AN H\e e B \&\@M’NMW bigﬂd tllz_]\_u(_)ug_yé‘,‘_ﬁﬁm
{28y, Sl b clS gy, NS o by

then ke ~
I = F=e "= .a:-La\'Zaa)nz'_r.ﬁ?/
F — o 0693n F = ( % ) n =JZ— =1
Shae Cle M N 2l esn W WSyt
n is the number of Half-lives elapsed after a bolus dose F= Qz_) 0. 25/ h=9 <alg

dloplh 275 5 W 225 v Rewmasvanne
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~ By knowing t,,, we can determine the fraction of
remaining dose in the body at any time point after bolus

1.v. injection

n wob re,mo\mv\.\
~  Example, how many half-lives is required to eliminate
90% ofadrug'9/,0| F = (_ Y
>This means that 10926 is remaining " \ = V\\O e
F) 0\ = Q-B = \oq 0 N2
0.1 = (/2)" > log, . 0.1 =n W= \Of\ 6-\ :-—\ _ 3.2%
>n = log,,0.1/log, 0.5 \o A \/2 -D-2

n = -1/-0.3 {8888 hAlElives) )0 qo; ;- AN <o \ohine
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2

A q40-mg dose of a drug was administered as an

intravenous bolus injection. The drug has the

following pharmacokinetic parameters: kK = 0.2
dirde~h~r and Vd = 10l g2 wedeal ='s s gov Elimivakion Tolre rehn

ordw 1.

O

—_—

3.

4.

Calculate the initial concentration (C_ )= ""‘"(,""- 10 = U mgiL

Calculate the plasma concentration 4h following
administration WC=hC —K ®Wmt=M4—~ 0.2 =|.33-0.2=0-58
Calculate the time required for the = (nC=0-53

1 =¥
concentration to drop to 1 mg  Br oo lota 23 &,‘!:?i 9L

If the initial Cp is unsatisfactory, Calculate the
dose required to provide an initial plasma
concentration of 6 mg/L
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Case 1

Calculate the initial concentration (C_ )

C, — dose _ 40 mg — 4 me/L
vd 10 L

Calculate the plasma conc. atgq h

C=Cgy-e ""'=4.e792 —1 79 mg/L
Calculate the time required for the
concentration to drop to 1 mg tllz.* L o M EMGACs, .

"f’ﬁ' dec "‘“'*3 Ve 3qgp2= ¢4
ln( z,,g,,zc_stutu /
— In /O 2 = 6.9 hr
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Example 1

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

C — dose meemd> dose=C, -Vd
0O

vd
dose=6%-10L=60mg

Or we can say that a dose of 40 mg resulted in a
concentration of 4 mg/L., how much does is required to
achieve 6 mg/L

. 6*40
4

Xo = 60mg



