PK models and basic
PK calculations

PK theory material lecture.2



Importance of PK

*Knowledég&\%)\f the pharmacokinetic behavior of drugs in animgls and

human is crucial in drug development, both e
preclinical toxicological and pharmacological data and to decide on an

SV s

appropriate dose and dosing régimen for clinical trials.

*Drug regulators have developed concepts such as bioavailability and

. ° V) = t
bioequivalence to support the licensing of generic versions of drugs

produced when originator products lose patent protection.
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عندما تفقد المنتجات الاصلية حماية براءة الاختراع مدتها خمس سنوات


Basic Pharmacokinetics and Pharmacokinetic
model

*Drugs are 1n 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 1s complex, and drug events often
happen simultaneously.

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

Loy
Model: hypothesis using mathematical terms to

quantitative WmS concisely. P

Pharmacokinetic E

estimated from t

arameter: 1S a constant for the drug that 1is
C CXpCI'lmental data. f undanent al phar nacoki neti cs

par anmet er s:

k: elimnation rate constant
d: volune of distribution

t: half tine

cl ear ances:

M' % clgall zTox> J.\SZA
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Textbox
فرضية بتستخدم معادلات رياضية لحل شي بينسحب واله كمية


Textbox
fundamental pharmacokinetics parameters:
k: elimination rate constant
d: volume of distribution 
t: half time
clearances:
معدل خروج الدواء من الجسم
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Basic pharmacokinetics and

pharmacokinetic model

L : : (bime) :
A pharr}flacokmetlc function relates an independent variable to a

omeunt_or concentioon

dependent variable, often through the use of parameters.

*For example, a pharmacokinetic model may predict the drug
concentration in the liver 1 hour after an oral administration of a 20-mg
dose. The independent variable is the time and the dependent variable i1s
the drug concentration in the liver. Based on a set of time-versus-drug
concentration data, a model equation 1s derived to predict the liver drug
concentration with respect to time.

*Such mathematical models can be used to describe and predict drug
concentrations 1n the body as a function of time
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يمكن استخدام هذه النماذج الرياضية لوصف والتنبؤ بتركيزات الدواء في الجسم كدالة في الزمن
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Textbox
time 


Textbox
concentration or amount 


Textbox
بنحط 
amount 
بدل التركيز اذا كان 
volume of distribution 
ثابت


Textbox
تخيل الجسم كانه وعاء وفيه سائل وهو الدم
لما نحط صبغة وهي الدواء في هذا الوعاء
لو الصبغة ظلت ذائبة في السائل بس بيكون تركيزها عالي بالسائل وهذا يعني ان حجم التوزيع صغير لانها محبوسة بالدم
لو الوعاء فيه اسفنج مثل الدهون او العضلات والصبغة هذي تحب تمسك بالاسفنج بتلاحظ ان اغلب الصبغة تركت السائل وراحت للاسفنج وقتها لما تقيس تركيز الصبغة بالسائل بتلاقيه قليل جدا وهذا يعني ان حجم التوزيع كبير لانها توزعت في كل مكان بعيد عن الدم
الخلاصة
كل ما الدواء هرب من الدم وراح للاسفنج وهي الانسجة كل ما زاد رقم حجم التوزيع
وكمان اذا تخيلنا الموضوع ك وعاء مثقوب بالشخص الكبير او المريض هذا يعني انه السائل قل ورح يقل توزع الدواء بالسائل ويروح للانسجة والشخص السليم بوعاء سليم حجم التوزيع تبعه ثابت


Compartmental PK | |

Sya2 je =t
e 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.

A very simple and wuseful tool in pharmacokinetics 1is
compartmentally based models >4 &-==& 7L

It is common and useful practice to divide objects of scientific interest into
smaller conceptual units until the underlying mechanisms become apparent.
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نتخيل الجسم على شكل بوكسات
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Textbox
من الممارسات الشائعة والمفيدة تقسيم المواضيع العلمية الى وحدات مفاهيمية اصغر حتى تصبح الآليات الاساسية واضحة


Textbox
يعني مثلا نقسم الجسم لبوكسين او اكثر مثل نحط انه الدوا بوصل اكثر شي للدم والكبد والدماغ والكلى وبالبوكس الثاني نحط الجلد والدهون والعضلات
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PK models

* Compartmental models are used, and ) Wthey are
simplified models 1n which the body 1s concei&“’e\d to be

. . S\ %
composed of  mathematically  interconnécted

compartments (depicted as boxes)

 Compartmental model are mg types:
A .Empirically-based conventional models
B.Physiologically-based pharmacokinetic (PBPK)
models
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Textbox
النماذج التقليدية هذي بنعتبر فيها الجسم غرفة واحدة او غرفتين بس عشان نسهل الحسابات الرياضية وما بنهتم فيها بشكل العضو الحقيقي
نماذج بي بي بي كي هذي اكثر دقة لاننا بنرسم كل عضو مثل الكبد او الكلية كصندوق لحاله وبنحسب سرعة تدفق الدم لكل عضو وتركيز الدواء فيه بالتفصيل
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Compartmentally-based
model
*  Simple
* The [drug] in the compartment for a given dose is determined by*:

‘1)  The fluid volume (V) of the comp|| |

2)  The elimination rate of drug per unit of time|

*  One-compartment, two-compartment, or multi- compartment model.

*  The compartments do not represent a specific tissue or fluid but may
represent a group of similar tissues or fluids
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Textbox
اذا كان كبير تركيز قليل واذا كان صغير تركيز عالي


Textbox
اذا زادت يعني تركيز اقل واذا قلت يعني تركيز اعلى
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Textbox
لو عندنا اعضاء بيوصل لها الدم بسرعة كبيرة مثل القلب والرئة والكبد بنجمعهم مع بعض في صندوق ونسميه الحجرة المركزية
لو عندنا اعضاء بيوصل لها الدم ببطء مثل الدهون او العظام بنجمعهم في صندوق ثاني ونسميه الحجرة المحيطية
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 Organs and tissues in which drug distribution is similar are grouped
into one compartment.

Central Examples of
Compartment Peripheral
—— Compartments
Heart ] ,
Fat Tissue J
Liver
e —
Lungs e - Muscle
Tissue
Kidney
i a— -
Blood —— Cerebrospinal
Fluid
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Most PK models assume
instant homogeneous distribution of drug within each

compartment “well-stirred”

and elimination rate constant does not change over
timef*

Model parameters (e.g. V and k) are determined
experimentally from a.s¢ of .druglconcentratlons collected
Over various times ‘v S eREErd dyp

] parameters [ [ lcomplexity of the model
11 data needed

Compartmental PK models are wuseful esp. when
It




Textbox
نحط ببالنا انه كل بوكس فيه مجموعة وتوزع فيها الدوا بشكل متساوي بنسمي هالشي تحريك جيد


Textbox
k
قيمة ثابتة للدوا بتتغير في حالة كان الشخص عنده مشاكل بالكبد والكلى


Textbox
لانه ثابت معدل الإزالة يقل بارتفاع عمر النصف للدوا
لانه اذا كان في مشاكل بالكبد والكلى رح يزيد عمر النصف للدوا
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Mathematical review

mol arity, mass\volune, nolality,

* Do you know?/ Can you?
e The units used usually for concentration? [T, Pereem e et »er
e C(Calculate the amount of the drug in a solution with a

known drug concentration and solution volume? In
dlfferent VOlumes? lamount =vol ume*concentration |

« How to convert units? 2 (19 mewt A3 .9/l
* e.g. mg/mL to g/L and pg/uL. ™ /ml< mboo kel 1L
e Calculate the MW of the drug? Ty dooBus o At _ ug

e Units of concentration in M?

e Loy lsosul ML

M Mg vyl

moles_MosS oy Mgy = W25
M m Mole




Textbox
molarity,mass\volume, molality, normality, percentage,part per million.....


Textbox
amount=volume*concentration 
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cont

e [faknown amount of drug was added and
resulted 1n 0.6 mg/L (for example) concentration

of the solution, what volume of water was in the
container? peeording o the amunt |

For the following equation: (y=1.8x+2)
a. Sketch a plot of the equation.
b. Ifx=0.5, whatis)? y=29 9-18¥e5+2 =0v2-21

c. Ify=4.6,whatisx? X=144  UYL-2 =\BX = x—.-—%:\-\/l‘/l
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according to the amount 
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cont

* What 1s the slope of the line that connects the
following two points? <lspe by =%~é—wf M- o3z

* 1) x=5,y=8.6 SLOPE=093

¢ 2) X=0.6,y=4.5

* Solve the following equations for x:

e a. logx=0.95  x=sois 10°" % 1

° b. ex=0.44 X=-082008 X les o =>x =liody =-0823

¢ C. én X = 1£.22 X = 3.387 X = am,- 3.39
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Basic exponent

laws ,
* Expression:

T 1 __
Laws of Exponents Example

a* - ag¥ = g*=*> 10%Z - 10 = 10°
(G®)) = &% {10%)" = 10°
L 10 _ 102
a’ 10%
: &2 ! 10—
—_— = 1 ~ = P 4
a”™ 10~
p — , 3 — ;
@ = a’> N = o’



Logarithms

If N=bx, then logb N=x lconN -4 = b M
Common logarithms (log)= logarithms using base 10
Natural logarithms (In) use the base e

e ~2.718
2.303 log N=1n N

A logarithm does not have units = dimensionless
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Laws of Logarithms

log ab = log a + log &

log§= log a — log &

log a* = xlog a
—lo = g - —+— 1o = 2
> P 4

* Your calculator [I log, In, anti-log and anti-In
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Rectangular coordinate Semilog coordinate
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Textbox
x and y
موزعين بشكل ثابت


Textbox
x
موزع بشكل ثابت
y 
بينهم مسافات غير ثابتة
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« Straight line eqt.

‘o . y=ax+b

e Slope? intercept?

« For a given straight line [] calculate slope (on

rectangular or semilog graph)
« REMEMBER:

In semilog graphs : the y values are plottedona ==
logarithmic scale without performing actual logarithmic
conversions, whereas the corresponding x values are
plotted on a linear scale
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ما بتقدر نطلع من ميلان الميل بس بتقدر نطلع انترسيبت لو بدنا نطلع ميل بنحوله لخط مستقيم


Textbox
في الرسم البياني نصف اللوغاريتمي يتم رسم قيم المحور الصادي على مقياس لوغاريتمي بدون اجراء تحويلات لوغاريتمية فعلية بينما يتم رسم قيم المحور السيني المقابلة لها على مقياس خطي عادي


PK units
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Rates and Orders of

actl |
T&e{r?t,e ocf;a ChOG_III%CSaI reaction of process is the velocity with which the reaction occurs. Consider the
following chemical reaction:

Drug A—Drug B (mhblk)
sl i

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:

drug A N dA/dt _’»@k -wm ,Cmnjt(&l-io\n

=
Uil (o sl 04

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
fime intervals.
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Textbox
drug A
يتناقص عشان هيك بنحط سالب
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تتزايد عشان هيك بنحط اشارة موجبة
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Zero order reaction

Rate constants and order of Rx
. Order of the Rx is the way that the [drug] affects the rlazte:> of the reaction or process

. Zero-order reactions or first-order reactions
- dA/dt= k*An
n [J determine the rate of the reaction
* Zero order reaction|, ) * |
[0. 001 from drug|
o D Aisd i t tant ti int It -
. Drug A is decreasing at a constant time interva <5 oy /}'3 \m\;'xl\x)
k0*A0 (as O‘VV\oMVIl‘>
dA/dt= - k0O
kO: is the zero-order rate constant Unit of kO : mass/time (e.g.
o
(,vvlcenlﬁlion/ %ﬂa |

g/h) —
V\y\ll’ \'\1{ Somy Alﬁd’mﬂ

mil B 1Ele
Mg. mL o b
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مقدار التناقص للدوا مع الوقت ثابت يعني لو اعطينا دوا ١٠٠مغ بعد ساعة صار ٩٥ بعد ساعتين صار ٩٠ بعد ثلاث ساعات بصير؟!
٨٥
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0.001 from drug
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تعني تناقص وليس اشارة قيمة
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الكمية تبع الدوا بالزيرو ما يهمنا بتهمنا بالفيرست
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dA/dt= - ko

" IRearrange
IIntegrate

A:Iarmunt at_any tine |

kO:IZGI‘O order rate constant I

AO |i nitial amount
[ ]
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amount at any time 


Textbox
zero order rate constant 
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initial amount 
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A=-kit+A,

120 r

el I

Slope = -
k0
0 s lvear (glalioré\i@

— Zefd ofder
20 | \ av\nomnl of o’w@asmj s @ns‘w\\

0 A " h A A ’
0 2 4 6 8 10 12

Time (h)

Amount of the drug in the body (mg)

Concentration [ ] C = - kot +
' PN
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Half-life(t1/2)- Zero order Fere e
| |

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

Zero-order half-life:

7@15%8Q@“k‘\ A:-VL?AD

t1/2= (0.5 AQ) / kO ©5he =-K}+hs
0540 405l = Kb |2 05ho/K

The zero-order t1/2 1s proportional to the initial amount or concentration of the

drug (A0) and is inversely proportional to the zero-order rate constant (k0).

PN o SN SeS Go apl) (ot Jac 38 ip capl) 2y S0 ol (y b s s )
The time required for the amount to decrease by one-half is NOT constant

t he properties of zero order
reacti on?

anmount of decrease constant
rate of elimnation constant
t 1/ 2 not constant

0% 2 (1l zee ovlex c;f»ﬂ\;i/
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اذا غيرنا الجرعة رح يختلف الزمن
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example: ethanol 
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the properties of zero order reaction?
amount of decrease constant 
rate of elimination constant 
t1/2 not constant 
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Zero-Order Reactions: example

dhse fomu [ Ao
e The administration of a 1000 png of drug X

resulted in the following concentrations:

- ) Conc.
:/ob::;in E!" eM:/:‘“W Oe OI‘SMMOM?\’ T|me >< (mg/ L) VB
= m___;\/olumua%: O ]_OOﬁ»inhraqai
e _yo ) 4 —S 90
6 — 85
D\ sl S (3=
=t 10 —-\= 75
15 —~ 70

rale constnt con be  carleulateo
in tis example by = A
LHoX
100 =0 40 2 5w ik
o-4 Y
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بدنا ننتبه على التركيز والوقت حتى نحدد نوع الاوردر سواء فيرست او زيرو 
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Zero-Order Reactions: example

*What 1s the order of the elimination process
(zero or first)?
 What is the rate constant?

Cons\-am\‘=s\063€ = _%’5‘ S Oo -y 5. MB/L »
X 1-o
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Zero-Order Reactions: example

conc (mg/L)

120 -
e R U IATIY
100 y=-25x+ 100
R°=1
80 4
m -4
20 4
20 -4
0 - . - v v v
0 2 4 6 a 10 12

time (hr)

14
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Zero-Order Reactions: example

e Since the decline 1n drug conc. displayed a linear decline on
normal scale, drug X has a zero order decline.

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

e The elimination rate constant 1s 2.5 mg/hr



the rate is constant as percentage

First order reaction — - === |- " .

as Eerow\‘oy. 81

[0.999% fromdrug | | |

* If the amount of drug A is dééreasing 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:

Ak ldb--K, dAd=-

elimnation rate constant is constant while
O!A /O’”'='H"Al elimnation rate for first order is not

kkAl const ant because the rate depend on anount

|Wnile in zero order the elimnation rate is constant |

* kisthe 1«order rate constant

The reaction proceeds at a rate that is dependent on the
concentration of A present in the 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
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the rate is constant as percentage 
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9.999% from drug 
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كل دراستنا بتعتمد على هاد النوع
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Textbox
الفرق بينهم هي وجود
A
التي تمثل الكمية وهذا يعني ان الزيرو لا يعتمد على الكمية بينما الفيرست يعتمد على الكمية اللي ظلت 


Textbox
elimination rate constant is constant while elimination rate for first order is not constant because the rate depend on amount 
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while in zero order the elimination rate is constant 
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First order reaction

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

A= Ape ™ o WAL e LA = ke K

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) =1In(A,) —k *-t
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A) k’
AQ:

+ dA/dts -

k*A

A= AO0*e(-kt)...........oiiiiiil
le]

InA=-k*+InAOQ....................
[In] 2307 loyA =Kt + 23931 9he > g A = HH

2202 2.303 27503

log A=- @ t’Jrlog AO.......cc......
[log]

Ul
K
L

.2 KYeX

\o:‘)A



Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Pencil


Drug with first order kinetic

Amount of the drug in the body (mg)

T SN G Y S Sl ULk
QL =R

banana shape or curve shape |
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banana shape or curve shape 
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Rectangular coordinate graph

A = AsTFeltkD

|
0

Time (h)



Semilog coordinate graph

INn A = - R*t + In A,

[— Intercept = |n A,

t=0 Time (h)
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Semilog coordinate
graph
log A = - (k*t/2.303)+ log

}O Intercept = |og A,

F = O Time (h)
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COI It lconcent rati on=amount (A)]|

« C, Kk, CO:

dc/dt=-k*c C =
C (-kt)

O*e
In C=-k*t+1n C0O

log C = - (k*t/2.303)+ log
CO



Textbox
concentration=amount (A)


cont

* The period of time required for the amount (A) or concentration (C) of a drug to decrease by
Copl g o4
one-half. A =K1+ [uA° S

J..V\ O~E)Ao =—N}-\-LV‘A‘O
LV‘OE«‘ W—,}(A’:—Kl =-0693--Kl = ] —0.493 - 0. éqé/K
-K

. First-order half-life:
t hal f constant because of elinination t 1/_ O 693/ k
rate constant is constant 2 .
NN
conpre between zero order and first order:

d tmls a constant. No matter what the initial A or C g'r'd;“r”a“ on rate constant is constant always in two
elimnation rate is constant in zero order while first
order is not constant because of depend on anount

° . . . t half in first order is constant while in zero order is

The time required for the amount to decrease by one-half is |not constant
CONSTANT




Pencil


Textbox
t half constant because of elimination rate constant is constant 
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Textbox
compre between zero order and first order:
elimination rate constant is constant always in two order
elimination rate is constant in zero order while first order is not constant because of depend on amount 
t half in first order is constant while in zero order is not constant 
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