20 July 2001

Calculation of Bioavailability
Parameters

Objectives

« Determine ka using the
— Method of Residuals
— Wagner-Nelson Method
— Method of Inspection
« asAppropriate to calculate ka
 Calculate F using Plasmaor Urine Data
» Understand the difference between absolute and
relative bioavailability
e Fit IV and Oral Data Simultaneously

Determine of ka

 Estimation

— Method of Residuals

— Wagner-Nelson Method

— Method of Inspection

Fitting using non-linear regression analysis
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Method of Residuals

« Starting with the Equation for Cp
_ F-Dose-ka_[e.ke..[
Ve (ka- kel)
which can be written as

s ka(]

Cp=A°e'ke" S Aeeket
where

_ FeDose+ka
Ve (ka- kel)
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Method of Residuals

< IF
— kalkel or kel/ka> 5

AND

— Both kaand kel arefirst order

_ F-Dose-ka.[ ket _ rka-l]
P= Ve (ka- ke)

Cp at Later Times

At later time the exponentia with the faster
rate constant approaches zero more quickly

08 Slower exponential
IF ka > kel — P
06 |
et ® 0 ¥ Faster exponential
d o 04
an ;
02 Difference
Cp\ae = Ase ket

24

6 12 18
Time (hr)
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Semi-log Plot of Cp versus Time

100

FeDoseka
Ve(ka-kel)

Intercept =

late
/ Cp

/ kel (from slope)

Concentration (mg/L)

0 1 2 3 4 5 6 7 8
Time (hr)
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The Next Step

» Once we determine Cp'@e from the terminal
slope
Cp:A.e-kem S Aeeket
since Cp*® = Ase
Cp= Cplale _ Aep ket
or
Cp\ae ~ Cp = Aee ket

—

Residual . .
Plot Residual versus Time

Plot of Residual versus Time

100-

“Feathering”
/ d

ka from slope

Concentration (mg/L)
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Time (hr)
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Requirements for the Method of

Residuals

» One Rate Congtant at least five times
greater than the other

 Both Absorption and Elimination are first
Order Processes
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Dose 250 mg
Plasma Residual
Time: | concentration | - GhUate) (col3-col 2
0.25 191 5.23 3.32
05 2.98 4.98 2.00
0.75 3.54 4.73 119
1.0 3.80 4.50 0.70
15 3.84 4.07 0.23
2 3.62 3.69 0.07
3 3.04 2.
: _ s 4-205°t
" o0 Residual =5.5" e
5.0 2.04
6.0 1.67
late _ .ozt |
7.0 1.37 Cp =55"¢e I
10
=
[=2]
g/ 1
c
g
g W Cp (mgl)
<
@ o Cp (late) (mg/L)
=
S % Residual (mg/L,
3 (mg/L)
0.01
0 2 3 4 5 6 7
Time (hr)
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Wagner-Nelson Method'

« Advantages:
— Absorption and Elimination can be quite similar
invalue
— Absorption doesn't need to be first order
« Disadvantages
— Need to have avalue for kel - from IV Data
— Calculations are more involved

*Wagner, Jand Nelson, E. 1964 J. Pharm. Sci., 53, 1392

Theory ...
Working Equation
Amount Amount Amount
Absorbed = InBody -  Eliminated
A X U

Differentiating each term gives

dA _dX , U

dt dt dt

or

gA _V-dCp +Vekel+Cp

dt dt

Theory ... (contd)

dA =Ve+dCp +kelsVe+Cpedt
Integrating gives:

t
A =VeCp+kelsVe LCpedt
0

or

A t
- =Cp+Kkels (pedt
V 0
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Theory ... (contd)?

A t
— =Cp+kels (fCpedt
V 0

AN

Amount absorbed kel x AUC
Uptotimet fromt=0tot=t
Divided by V

Att=¥;Cp=0

¥
AV"‘SX = kel ¢Cpedt = kel+AUC™¥

0
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If Absorption is First Order

(Aac-A) isthe Amount Remaining to be
Absorbed

A max - éu:& :Ld).e'k@[ :7F-Dose.e_ ket
ev Vi Vv \% \%

Plot In(Amax-A)/V versus Time

kel =0.2 hr-tfrom IV data

Example Data - W-N Method

Time | Concentration | Col3 | Col4 Col5 AN (Amax-A)V
(hr) (mglL) MUC | AUC | kels AUC (mglL)
0 00 00 00 00 00 49
1 12 06 06 012 132 358
2 18 15 21 042 222 2.68
3 21 1.95 4.05 081 291 1.99
4 22 2.15 6.2 1.24 3.44 1.46
5 22 22 84 168 388 1.02
6 20 21 105 21 a1 08
8 17 37 142 284 454 036
10 13 30 172 3.44 474 016
12 1.0 23 195 39 49
¥ 00 50 245 49 49

Chapter 18



The Plot - Semi-log
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ThePlot - Linear

(Amax-A)/V (mg/L)

2 4 6 8
Time (hr)

By Inspection

Assuming ka somewhat larger than kel (>5
times)

Assuming absorption complete (> 95%) at
time of peak concentration

Determine toes = 5 X Yy (apsorption)

That is, ty; psorption) = tpea®
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Example

b ” 1.5 hour

o]
v

Concentration (mg/L)

N

12
Time (hr)

Example ...

toea » 1.5 hour

* L2 (absorption) > 0-3 hour
e ka» 2.3 hrt
 Actual value 2 hrt

Caculation of F

F/V from only Ora Data

« Need to have Reference Data
— Absolute Bioavailability
— Relative Bioavailability

¢ Using PlasmaData

¢ Using Urine Data
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F - Bioavailability, Fraction

Absorbed
- FeDoserka i i)
Ve (ka- kel)

¢ From Ora Data Alone
— Can calculate kel and ka
— Know Dose

— Cannot separate F from V
* Weget V/For FIV

Bioavailability (F)

« Absolute Bioavailahility
— Comparison with 1V Dose
¢ Relative Bioavailability

— Comparison with another Extravascular Dosage
form

« Bioavailability Study may use IV, Solution
or Innovator’s Product as Reference

Using Plasma Data

 Equation for A, from Wagner-Nelson
Derivation

A, . = FsDose=kelsV<AUC
therefore
kelsVeAUC

Dose

F=
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Comparing Two Dosage Forms

Since we don’t know V unless we have prior information

F* _kehevA.AUCh Dose®

Fe Do  kel®+V®.AUCE

If Dose” = Dose® and
we can assume that kel = kel® and VA = VB

_F*_AUC
F®  AUC®

Example Calculation

Data: AUCA = 12.4 mg.hr/L; Dose* = 250
mg; AUCBE = 14.1 mg/L; and Dose® = 200
mg
Question: Calculate F
* Equation: __ auc*  pose®

Dose® AUC®

¢ Result:
Fo124,200_ 0,

2507141

Using Urine Data

 Starting with the equation for fe (last
semester)
u¥ u¥

e=——=

Xg® FeDose

¥

F=_ Y

fesDose
F* u* fe® eDose®

F® “fe*Dose” U
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Using Urine Data ...

F*__ U*  fe®<Dose®
F® fe" «Dose” u*e

e |f Dose* = Dose? and fe* = feP

FA U¥A

Freye
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Example Calculation

» Data Dose = 250 mg; U*A = 175 mg; U¥B =
183 mg
* Question: What isF

* Equation:
B U¥A
F =%
* Results: 175 096

T183 7

Data Analysis using Boomer

« Draw the Model - Numbering Components
and Data Sets

* Create Table of Parameters and Constants
« Start the Program

Chapter 18
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The Model

Drugin G-I Tract

‘
@ Drugin Body

kel

VIE

#1

Versus
Time
Parameter Values
+ From Earlier - Method of Residuals
—ka=2.05hrt
—kel =0.2 hrt FeDoseska
—A=55mg/L =V (ka- kel)
55= 1 200:2.05
Ve (205- 0.2)
V2280205 g4 4
F 55185
Create the Parameter Table

Name| Type | Vdue | To | Name | From

Dose | 1 250 1

ka 2 2.05 2

ke |2 102 0 ’
VIF | 18 | 5041 1 | Cp | 2
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Fitting Oral Data Alone Using

Boomer

Open the .BAT file

20 July 2001

Using the SAAM I

¥

Start SAAM 11

Load Program File

Fitting Oral and IV Data

Fognrine . Sriaa e f Droesriore= S vl-weie's

Together

Vi Bt |
- P
—_——

foansted a2t
-
o

T

ol

ool
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Simultaneous Fit to IV and Oral
data
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Objectives

« Determine ka using the
— Method of Residuals
— Wagner-Nelson Method

— Method of Inspection
« asAppropriate to calculate ka

Calculate F using Plasma or Urine Data
Understand the difference between absol ute and
relative bioavailability

Fit IV and Oral Data Simultaneously
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