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Extravascular administration
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Amount of the drug= 0, in the systemic circulation, at t=0—>

Followed by absorption then dlstrlbutlon, metabolism and elimination
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+ Amount of the drug= 0, in the systemic circulation, at t=0—>

Followed by absorption then distribution, metabolism and elimination
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Plasma Level-Time Curve
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Oral-One Compartment PK Model
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Tne rate or cnange In tne amount ©T1 arug 1IN tne poay (AAg/art)
is dependent on:

@] The rate of drug absorption
The rate of drug elimination

The net rate of drug accumulation in the body at time (t) Is

equal to: Jgall ag - Sy ds -
dXp dXg; dXg
dt dt dt

regardless of whether absorption is zero-order or first-order.
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Absorption process could be:
e Zero-order process

 First order process

« Absorption is usually assumed to be a first-order
process |

e This model applies mostly to the oral absorption of
drugs in solution or rapidly dissolving dosage forms
(immediate release)
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Amount of drug remaining at the site of administration vs. time
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e BUT, we can’t measure the amount of drug
remaining to be absorbed (D) directly,

because of practical difficulty

* So, previous eqt. if notjuseful for determining
the absorption rate constant

* Therefore, measurement of the drug conc.
and/or mass in the blood and/or urine; is
usually used to determine the absorption rate
constant and the absorption characteristics

- Elimination

dXg :
— Rate in — Rate out
dt
dX
dtB = (kgXXg;) — (kXXp)

dXg/dt: rate (mass/time) of change of amount of the drug
in the blood/plasma/serum
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Constant X Difference between
two exponential terms

A bi-exponential equation

First-order elimination rate constant (k)

0
Cp ——{(L— » _liiX_ 4 [e('kxo e (-kaxt)]

e \'A
e “k” may be determined from the elimination

phase of the concentration—time profile

e At later time intervals, the drug absorption
has been completed—> i.e., el-ka™) = QO

=0

0
Cp A ka o Fx X v, [e(-kxt) 3 axt)]
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First-order elimination rate constant (k)
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Take the natural logarithm

Kk Fx X°
InCp = ln(_lz:i— X ——\;I—)—) kt
If you change it to the common logarithm
k. >3 Kt
e Y v [ 9303

Plasma concentration (C)) vs. time profile
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First-order absorption rate constant (k,)

- “ka” is determined by a method known as
“feathering”’=“method of residuals” = “curve

stripping”
% USing this proﬁle%_} <7y b Intercept = Xaf 70
B g o4 V(Ko - K)
-K
Slope = 5303
Time (h)

S.L af %o
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llustration of the table created for determination of the firstorder absorption rate constant K,

Time (h) Observed plasma Extrapolated plasma (Colasi = (Colexrap — (Co)obs
concentration (Co)obs concentration (Cy)exrap

Time values corresponding]  Volues only from the Values only from the (Differences between’)

lo observed plasma absorption phase (i.e. ol extrapolated portion of the | extropoloted pnd pbserved

concentrations for lueg prior to reaching plot of plasma values for each fime in the

absorpfion phase only maximum or highest plasma  concentration-fime (units, absorption phase {units,
concentration) (unifs, e.g. e.g. mg’ ') e.g. pgmlL')

S

pgml~')

K,FXy
E
Intercep V(K -K)
Slope - E or Ko-.-_-
2.303

e 2aisss

I absorption |

Time (h)
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Notes-Method of Residuals:

e A minimum of three pointsshould be used to
define the straight line

- Data points occurring shortly after t_,,, may not
be accurate. Because this portion of the curve

represents the post-absorption phase (in which
. drug absorption is still present at that time)

e Only data points from the elimination phase
should be used to define the rate of drug
elimination as a first- order process (i.e., the
terminal linear phase of Cp vs. time profile) to
define finally the absorption rate constant.
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Notes-Method of Residuals:

* This method gives accurate values of k and
k. if one rate constant (k or k, ) is much
larger than the other (e.g./ky>3>K) and
both absorption and elimination are first

order processes | )
| (‘J;,QJA'?/,})sL/ é}—;\> ({’_w)—l ab>)lo

3 : : 2 : : g ‘
Kq QSUlSl K LUL"; “_’\“\’D___ ‘HOF KUnQHCS &}’4-]

Notes-Method of residuals: (Cont’d)

Intercept|= __F_%_ The same
Intersection lg VD( ka - k) intercept

on y axis
Extropolofed concentration
values

S ———————

Feathered or residual line

Elimination
f— phase

t=0 Time (h) S.L
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Lag time (to) Intersection is

NOT on y axis.
It'sont>0

Intercept of

Theoretical feathered line and
k/ Intercept “ extrapolated line
\ "~~

-
-

t=0 Time (h), - “1 Time (h)
Lag time (t,)

Lag time (t,;)- Cont’'d

2 NP I - . .
o Absorption of the drug after a single oral dose

L woolasei - May AEIESEaEs immediately, due to different
Tse st - fimsbowsy such as
_;‘?;uy 1) Physiologic factors (e.g. stomach-emptying time
and intestinal motility)
2) Formulation-related problems (e.g. low

disintegration, slow and/or poor drug dissolution,

and delayed release formulation)

e The lag time (t) represents the delay prior to
the start of first-order drug absorption
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Lag time (t,) - Cont’d
Be careful!

* The lag time (t,): represents the
beginning of drug absorption

e Onset time of action: represents the

time required for the drug to reach
Mminimum effective concentration

HUI Lime )\ ‘ R0
kOJ' = = s \ a 7
- “_2)“‘"69?) Q//’JA}LUL" s ey il
] ovon o\, ? S bt L oemma.
Lag time (t,) - Cont’d 2ot sba o e —p 7 22 i

o sl L
BRI I I
I lag time is subtracted from each time point

Remember: the Intersection is NOT on y axis
So this term will =

y-value at intersection point NOT y-intercept
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Flip-Flop kinetics

* Oral absorption kinetics often describe the

e GG ¢ usual case in which the absorption rate
constant is greater than the elimination rate’

constant:

| ’5‘)11)\&1.\

k. >k
In which the/absorption process is faster than
elimination process

t0.5 (abs) < tO.S (Elim)
Shorter

R G T T N TR S

‘mal and Flip-

Dlstlngmshlng between
Flop kinetics

V55 15 Lo Ngsue
|Flip-flop first-order absorption

Normal first-order absorption

v
Terminal ine

Terminal line slopes are different

slopes are similar

|ﬂ(Cp)

First-order
absorption

|n(Cp)

First-order
absorption

ta is needed to differentiate between Normal
and Flip-Flgp kinetics

I\/ bolus
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Flip-Flop Kinetics

. Flip-flop kinetics is an exception to that usual case

 For drugs with slow first-order absorption process (e.g.,

certain types of sustained- release and controlled-release
formulations)

« When the elimination rate constant starts to be greater
than the absorption rate constant

(k > ka) = Flipped condition =2 “Flip-Flop kinetics”

> Then, as the terminal linear slope of plasma drug concentration
vs. time (S.L graph) = always represents the slower process—>

This slope represents the absorption rate constant

> The slope of the feathered line will represent the elimination
rate constant

Us 'S jue

Flip-Flop kinetics —
N>
E1

A. Incorrect

5.
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