» RO‘R ’f Vea cLion <2> ;)»91_940

W — — . —— . " - —

.__EQLL QL(eq.cti.o.n-..;::....

S -
) =D E@.Nx of- reac kionn  3- : Lg_)-t-\_n;}\ "q_;J: 2)
Apoo aud (D W |

U\ 2 il
=y :
e 2
. Re—A 0351 dg3 Sy dt—Vate § B NGl A 3oL cricd x
» . A—s R =~
» N OV AN AR s foihy o
" AL AE
- R A GIt g% s iihs aiy ,c,fl‘o?_nlf
® oo dla g |
- Bl g}wc‘/A.J: Gao) po S
-cﬂ:u_g,__tﬁr ug>l&34__.}’6/
- '(BZ,A) ;h—qulouﬂ;/
- ¢
-
-
-
-
=
= s S TR S e s
‘ — : ol

-
-
-
.
~
.

Scanned with CamScanner


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

(Zﬁ__!.)_ﬂ_dﬂ'/ rﬁ} Q[&g) i | \);_jA_J.J Q/,_LQ)&‘EL iu‘:fé‘ M' ¥

G

(amount ) o (Gncnbatfon) 2o belos ilas Lol ot LLE
[MJ;__&QNL\A qc‘__:_'i gral 3 o Wb w Golo s Cls 15N

fl’él}_em_% Samic_Arcuation [ -
A e Ay
slooyl LA
@OWM«kohng]—-\L %AQL__QQA( of dcor chion 4——~ua>\ U _golupo
: ;—é:’}.‘.—l“*" i (o 95 (o _slal| @sf:__n&«)\-”“"l
d CAD : [
= VAe Jerg he Prioslo b (e L2 ulég>w¢—ilwm\3& =
T Rale Gt Gd X 4 ) <=

df _ [oo—=50 -

AT 6 =0 @ g
-
S=

~

A N o

g Yoo — 3o ""£‘_—__l___-5] Q
D=5 -
&=
A

Scanned with CamScanner


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

R e e
: SAVE < @ K’UBAL@Q&&QQL
WJ)PMLJ Lj:ndl QJLDQLQD\"’Q L‘&b"“‘“"? d\cuzr_n

)‘QD_JLVP-—VEA’?B) 2 ¢ gdas, ::__F5L';~Q>Lq S Dal. %

gpnvuvv
@’
g
‘Ej.
e
@
I
™
i
;
i
%

; Q. < U&#@\"\O«/MMWP“J_JL &i‘fl )| NS

| —

[Rox}- = ot elimin a t.!Oﬂ

-

W (_)’L7g,)é Rafe 4— ) alp
[:ZEYO oraler K| ne 'El(Sj]

A St ‘ —3 (2evo_order) N
09,_2\)({.?3, e = Z:.‘w‘+‘3’:UP—§é®j* C—ﬁ&];;’;-i{‘f _}0*23\—0 Rateld) _
e : : C.»L- bRt Quie |

SRS NTT:% 43_3}5‘__2_‘__2_0_1\9»\42_}.%{9; 5,2 a___L.J Rate ! '_._.AE_ e
¥ SR e 53;81 '_&é‘EF S —3"’&%""'2—?"" ovdev - \b oy -

v

uclcccclcqg

|
%

 Cmekbaboll e)
2L <z.->L.Jl ‘_o_Jcﬁl %&;Lﬂj-

P Y Olcltn/e mﬁredtew*:} .

Scanned with CamScanner



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

Scanned with CamScanner


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

Fiys#  Ordér

:
- —E—

dh K [A]
dk -

Rate «f elimination  (hok constantd

: D oo by
[Eocovder ~Zeovordey 1\ oelo Savabion I O\six Jol{ots € WL
//-.>f
: : L ~ Y
pe— Zeyo ovdeir ‘ fplp\__l
'og CAQ-—K& —) E'VJ/‘ OY(JQV‘
/ALCL:] — K&
L
2 d} 2‘36}

Scanned with CamScanner


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

&
(ln CA’:l): (’r\ [fAc]) — k:‘:) oy € D) sy oy
§§ AT @ e
2 LAE] = [As] - O s otirsk order

&
: Sl L,
¢ o Zem ordev:. v L= )

.Cé;:- G— k& | . ; ‘

mL(’Kc’fJ£  ase—~ 216> ‘

ﬁxﬂo‘o Lr“’:)éﬁﬂa e \'rgC,’Z—?fO otk y_J .

' ' - | ! Ve
_ Rake, IV a - TR ‘ t{\eanjﬁ o
)3 e

¢ - L i B, __rode dfp ,6\13&&11\&4“0‘\ .

Vly 0\/;‘;\}35/)_:,( (ccmsfhawv() Hat ; ‘

]‘: A\ —+ 4 CoCé’f‘-&rv '\/‘9‘ ) D : ; ' , ‘

():i).ﬂof J:E’”\( lMtVCg_P(; a

— ("0 :-JCZ ' ‘
6—2 gy

res ity ¢ 15 @
WES 1\ AL g\)%\ GD_J

EaV- : a

o
"
&
o
&
/A@f:,]-:[,,mcj—K&‘_:_;?J\ Liy<korder 3 v
&
8
S
9
S
3

Scanned with CamScanner


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

-

o
._Dgg —2“’\ ¢ 3lo ) 2l ¢ 7‘;‘:; ordev) = Lo o u,’@

~y o ha— Y\ ("—/{—-’Lﬁ Qg 2
- ot s ol W
- 0l ot s
‘ /%__LQ\!\'G’\M QXPLLLQ“'V\
. lineay é:x_‘;)efsiavx fan
-9)(9) E"’/Jf?:’ Cis qhlss (P

/

A A A
.
-
=
-
=3
=3
-
)
-

; ,670/7:/05(‘(0)—— /4’3 (('7.)
o ! &'

Scanned with CamScanner


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

B G TP COR YTV COVEN X QU | ~c'y - BT -

Cs=< = T ) oo plos —

—

f—\Yemf:" },03> (oo —2s a2 aoph 5 0% 1ollos

\n - 10'5 ngqp')[ -"g,,;'.\ 5 ,Oj__) \V\ _Jl\/ R Vs,

BB (C) 2 O Tlp b o)l semileg L

S 8 ‘{\{\‘\ erx(e P‘kjs
)‘/‘107;:;? “levs  ox YAG\(‘7 J — 0o (\‘/)%J.Lw
C (/ AL v <\ Al v s ' &
¢ 92V
~

Scanned with CamScanner


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

-

.-

ﬁt = La=n th‘

L

“4 [:C.é‘j - ‘V‘l ECOJ-—'kt

)
2
)y
I
-
)

-

Log C AL = Log [R) — Ik&

?0303

’S‘OF = —-k

2.303

Scanned with CamScanner



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

A

(125 5 ) G 4ud) o) g

PK models and basic PK
calculations

PK theory material lecture.2 Ve
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Importance of PK

e \ 0 0/ - . <
AN Ui Uymann 5wl ),

* Knowledge of the @harmacokinet@ behavior of drugs in &nimals)and
(human) is crucial . in _drug development, both to make sense of

preclinical tpxicol%ca? and pharmacological data and to decide on an
appropriate dose and dosing regimen for clinical trials.

o
* Drug regulators have developed concepts such as@ioavailabilitﬂand

I[bioequivalence]to support the licensing of generic versions of drugs
rotection. S Eavel
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importance of PK

iples of pharmacokinetics is also important
d the rationale of recommended dosing
for TDM and to adjust dose

possible drug interaction.

o Understanding the general princ
in clinical practice, 1O understan |
regimens, to interpret drug concentrations

regimens rationally, and to identify and evaluate

lists and anesthetists dealing with a
vidualize the dose regimen depending

on the urgency of achieving a therapeutic plasmg concentration, and
whether the pharmacokinetic behavior of the drug is likely to be affected by

illness such as renal impairment or liver disease.

e In particular, intensive-care specia
severely ill patient often need to indi

Basic Pharmacokinetics and Pharmacokinetic
model

e Drugs are in a dynamic state within the body as they move
between tissues and fluids, bind with plasma or cellular
components, or are metabolized. The biologic nature of drug
distribution and disposition is complex, and drug events often

happen simultaneously.

e Such factors must be considered when designing drug
therapy regimens. The inherent and infinite complexity of
these events requires the use of mathematical models and

ctatistics to estimate drug dosing and to predict the time
course of drug efficacy for a given dose.
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PK models

* Model: a hypothesis lsing) mathematical terms to describe
quantitative relationships concisely.

» Pharmacokinetic parameter: is a constant for the drug that is

estimated from the experimental data. For example, estimgtﬂi
pharmacokinetic parameters such as _k depend on the .methg tr?
tissue sampling, the timing of the sample, drug analysis, and tnhe

predictive model selected.

« Model is fitted to the experimental data (variables)=> to
estimate key parameters

Basic pharmacokinetics and pharmacokinetic
model

e A pharmacokinetic function relates an independent variable to a
dependent variable, often through the use of parameters.

e For example) a pharmacokinetic model may predict the drug
concentration in the IiVer@hour after an oral administration of a 20-mg

P

dose. The independent variable is the time and the dependent variable is
the drug concentration in the liver. Based on a set of time-versus-drug
concentration data, a model equation is derived to predict the liver drug

concentration with respect to time.

e Such fmathematical models\can be used to describe and predict drug
concentrations in the body as a function of time

S ————
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Independent variable

Compartmental PK

* Theoretically an unlimited number of models may be constructed to
describe the kinetic processes of drug absorption, distribution, and
elimination in the body, depending on the degree of detailed information

considered.

e A very simple and useful tool in pharmacokinetics is compartmentally
based models.

e It is common and useful practice to divide objects of scientific interest into
smaller conceptual units until the underlying mechanisms become apparent.

Scanned with CamScanner


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

PK models

* Compartmental models are used, and they are
simplified models in which the body is conceived to be
composed of mathematically interconnected

compartments (depicted as boxes)

i

* Compartmental model are two types:
A.Empirically-based conventional models
B.Physiologically-based pharmacokinetic (PBPK)

models

Compartmentally-based model

i * Simple =)

* The [drug] in the compartment for a given dose

ic determined by :

1- The fluid volume (V) of the comp.

f drug per unit of time (k).

7- The elimination rate o
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cont,

. Organs and tissues in which drug distribution is similar are grouped
into one compartment.

Examples of
Peripheral
Compartments

Central
Compartment

Heart

Fat Tissue
Liver

Muscle
Tissue

Lungs

Kidney

Cerebrospinal
Fluid

Blood

Cont,

* Most PK models assume

»instant homogeneous distribution of drug within each
compartment “well-stirred”

»and elimination rate constant does[notjchange over
time
ke S |
 Model parameters (e.g. (V) and @ are determined
experimentally from a set of drug concentrations collected

over various times

« {} parameters —> ifcomplexity of the model
2> {I data needed

 Compartmental PK models are useful esp. when little
information is Known about the tissues |
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o Wﬁé IL = 10006 mﬁ\
imlL = 000 M
Mathematical review st 25> ™ g/ma/My)

Do vou know?/ Can vou?

» The units used usually for concentration?

. Calculate the amount of the drug in a solution with a
known drug concentration and solution volume? In

different volumes?

« How to convert units? VM\
I

e e.g. mg/mL to g/L and pg/pL. W oot = Slma‘(’
o CaIFulate the MW of thé drug? 3 olaricy = moles/L
e Units of concentration in M? g
7 Molariey X Mw = Mole /Z' X S/Ml)l(’
IV JemmwdsS X =191C a8 =
W))ﬁi)/&wm / Goncenkiabiony = \prasd U2
\ e S Z 2\ A
e S e :
—% CQV\CQV&YO\*MJ\ > a———‘-)jfla
[N e S dse e WO ©
N
wolon by Yy MW f‘ﬁ‘ @
cont
e |f 2 known amount of drug was added and
Ot()Mle

resulted in 0.6 mg/L (for example) concentration

of the solution, wha
container?

QS\uP \'y\\-eYCePb-
. For the following equation: (y=1.8x+2Y

a.Sketch a plot of the equation.
b.If x= 0.5, whatis y?
c.If y = 4.6, what is x?
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cont

» What is the slope of the line that connects the
o following two points?
weloups ¢ 1) x=5, y=8.6
¢ 0 2) X=0.6, y=4.5
* Solve the following equations for x:

*a. logx=0.95 PR
*b. ex=0.44 S e AR [
e INY'=1:22 X =(w ( 6:M9)
lny = |22
X — Q\°1Z
Basic exponent laws
e Expression: N=b*
Laws of Exponents Example
S R 10102 — 103
(ax))‘ —— RS (102)3 e 106
a” 2
== (I"_-" 10 o 10-2
a’ 104
1 :
; and 102 —x105 %
T 8
N — ity N /S
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Logarithms

e If N=b*, then log, N=x
e Common logarithms (log)= logarithms using base 10
e Natural logarithms (In) use the base e

e =2.718
2.303 log N=In N

* A logarithm does not have units =
dimensionless

ILaws of Logarnithms

log ab = log a + log b

log% = log a — log &

log a* = xlog a
> P 4

e Your calculator = log, In, anti-log and anti-In

Scanned with CamScanner


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

o el N Y Bt D
-

1
R D 3848 4 7.8 (}) vF ap by e

Rectangular coordinate graph )\/ Semilog coordinate graph

cont

e Straight line eqt.
ey=ax+b
* Slope? intercept?
e For a given straight line = calculate slope
(on rectangular or semilog graph)

« REMEMBER:

In semilog graphs : the y values are plotted on a
logarithmic scale without performing actual logarithmic
conversions, whereas the corresponding x values are
plotted on a linear scale

———
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Rates and Orders of Reactions

The rate of a chemical reaction of process is the velocity with which the reaction occurs. Consider the
following chemical reaction:

Drug A —> DrugB

If the amount of drug A is decreasing with respect to time (that is, the reaction is going in a forward
direction), then the rate of this reaction can be expressed as:

- dA/dt

Since the amount of drug B is increasing with respect to time, the rate of the reaction can also be
expressed as:

+ dB/dt

The rate of a reaction is determined experimentally by measuring the disappearance of drug A at
given time intervals. :
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/ero order reaction

« Rate constants and order of Rx
» Order of the Rx is the way that the [drug] affects the rate of the reaction or process
» Zero-order reactions or first-order reactions

- dA/dt= k*A"

n = determine the rate of the reaction

*Zero order reaction

* Drug A is decreasing at a constant time interval t

n =0
dA/dt= - k,*A°
dA/dt= - k,

Ko: is the zero-order rate constant

Unit of k, : mass/time (e.g. g/h)

dA/dt= - ko

—>Rearrange
— |ntegrate

A:-k0t+A0
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Time (h)

Concentration 2> C=-k;t +C,

Half-life(t,/,)- Zero order

» The period of time required for the amount (A) or concentration (C) of a
drug to decrease by one- half.

e Zero-order half-life:
t1/2= (0.5 AO) / kO

- The zero-order t,, is proportional to the initial amount or concentration of the
drug (A,) and is inversely proportional to the zero-order rate constant (ko).

 The time required for the amount to decrease by one-half is NOT constant
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Zero-Order Reactions: example

e The administration of a 1000 mg of drug X
resulted in the following concentrations:

Zero-Order Reactions: example

e What is the order of the elimination process
(zero or first)?

e \What is the rate constant?
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7Zero-Order Reactions: example

y =.-2.5x + 100

conc (mg/L)
g

. ]
: 0 ; T : a 10 12 14
time (hr)

Zero-Order Reactions: example

e Since the decline in drug conc. displayed a linear decline on
normal scale, drug X has a zero order decline.

e From the equation displayed on the figure (intercept = 100,
slope =-2.5)

e The elimination rate constant is 2.5 mg/hr
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First order reaction

. If the amount of drug A is decreasing at a rate that is
proportional to A, the amount of drug A remaining in the body,
then the rate of elimination of drug A can be described as:

dA/dt= - k*A'

® |- is the 1" order rate constant

® Unit of k: 1/time (e.g. 1/h or h")

The reaction proceeds at a rate that is dependent on the
concentration of A present in thhe body.

A first-order reaction is a reaction that proceeds at a rate that
depends linearly on only one reactant concentration.

It is assumed that the processes of ADME follow first-order
reactions and most drugs are eliminated in this manner

First order reaction

e The amount of a drug with first order elimination is
described according to the following equation:

4 — A e

where A is the amount of drug in the body, A, is the amount
of the drug at time zero (equal to the dose in the case of IV

bolus)
- This equation is equivalent to:

In(A) = In(A,) —k *-t
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Rectangular coordinate graph

A — AL ]

Semilog coordinate graph

l Imbv A — — kbt + In Ag l

Intercept = |n A,

= —K
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cont

« The period of time required for the amount (A) or concentration (C) of a drug to decrease by

one-half.

 First-order half-life:

t,=0.693/k

® t,/, is a constant. No matter what the initial A or C

® The time required for the amount to decrease by one-half is CONSTANT

BEHIND EVERY
SUCCESSFUL PERSON.

THERE S A LOT OF
UNSUCCESSFUL YEARS

oM 20 rrmco. . C<Orn
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