.,,,s

@0

Pharma

log'y

5Ll A3 Ll 33ka o noe h Jisies ks A 3 ‘
@3 a8se e Lajldll 3ale guidance (A (533 da S 5 L il guidance A Jswasll

‘/"_7_; ~ ~ e > g b zs.LQLS BJ.-AI‘
oo A
u L ‘




BT s by & dasie Huis 1] (ldis ..8plall (il La Jad
e Qeias il LY L 8usg saYl 9d gl abs

ASIil8) dialay el 6 galiagy Lo J3) aSasi delaball samys 9, il (ngla L Y
(U ggms

. ] . B o b

debaball sany (A1 Glead wie (09 aSinl g3 £ 99985 a)Y (o J 9

293 Y) dibel ol galla Y9 9290 aSaan) gal 9asSU (gus (s 8 gladll (o2 (o YA
dad 9o ,ai8 2S489 s ga g0 wra,ll Lalies (Luls delubs GilSya (o

€ s Kasg alad (b

(AaSLoadUlg oyl ) calyisy | dSacdid Joaall (5 ,A1 csboad e (409 aSisls g1 (00
el dalS | gacuiiy g (oasladl asady 92 (olI9) podicall acul [gaaliy

a9 eyl £ il 2598 gaads el (ol QR code (ols slauis ol A9
dara) o Caslay dalsy Syag dads JS £ jal) S ol Lgadg dilg dadl) dlgwy

Lo Suo) il (ol asess s gabasf (ol 8,801 (30 (uapas] Sy JSu alg & lias adidl




Function of kidney:

1) filtration Eliminati Gltrati : :
2) secretion :I. imination = (filtration + Secre-tlor& - reabsorption
3) reabsorption GFR =120mVminu

filtration JI ode 8usias Lilaall Laliae GFR €oxd 1o 40,8 €1aas elimination JI IS sl

filtration and J!I (e 8adias Lilaall Lalias GFR 4asd (4o ST €aas elimination J! (€
secretion

reabsorption J/ le 8adias Lilaall Lalias GFR 4aas oo JsT <iais elimination J1 K o

2. Plasma (elimination) half life (t'4)

Definition

e [t is the time required to eliminate 50% of drug from plasma.
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Conc.

1/2 C

Time

——

t
/ 1/2

Calculation:

e [t depends on: Clearance & Vy
e The larger the Vg, the longer the t'2 (it takes longer to remove drug from

deep within tissue). The larger the CI, the shorter the t'2
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Value of elimination t'4

1. It determines the dosage interval (T or Tim)—— olelu o ds il sla s fssay 55505001 U 55

‘;_P_;j;f; e If t=1t% > this is an accepted choice to avoid wide fluctuations of

the peak (highest pl.conc. of the drug) and trough (lowest
pl.conc.). > _\57\'\6\\3

. Peak =hi 3
e Ift< t/A - more drug accumulation occurs. o ~highest Concentretion

e Ift> tl4 > decrease in drug concentration

occurs between doses. % 0d) e Js e Bl e |
Qs Curve NGd JL..)L ""—> owesT Concent rition
p;)u:»bj TSIV Py ‘ ‘ ‘ ‘ |?E]

1“Dose 2¥Dose Y'Dose 4" Dose
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2. It indicates Ty (time required to attain Css): it is equal
to 5t'4 (after 4 t'4 ; > 95% of the Css is attained)
3. It indicates the time needed for complete elimination: occure after 5 ¥4

4. Drugs having long t'% are given once/day

We reach the steady state after 5 t1/2

. . B
The drug is expired after 5 t1/2 gg%; e ’\eak 'T\' N
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Half lives (t1,2)

Cpss is reached after 5 ty,

Half lives (t4,2)



Factors affecting elimination t'% _ o
disease agas gls

I. The state of the eliminating organs i.e. liver & kidney functions »3Egse e
t1/2 JL eliminationJLs |
2. The delivery of the drug to the eliminating organs e.g.: s
a. Plasma protein binding limits renal filtration and increase ty
b. Drugs with very high Va4 may escape from elimination in the tissues

and increase ty, => Such as hydrophilic drugs+ 33l &Y e (o8 aas|

plasma 1/2 of hydrophilic : Js1 ;< plasmai/2 of lipophilic J!
metabolism in liver L ,.x lipophilic <Y

¢. Blood flow (decrease renal bl.flow in HF may increase ty)

3. Steady state concentration (Css)

Definition: the steady level of drug in plasma achieved when the rate of
administration equals the rate of elimination.Rate of administration = Rate of elimination
The rule of (5):

o The Cpss is reached after 5 t'2 e, aulacl gayl t172J1 Juayl U (oo Laals Lo yuiy

e [f we change the dose, the new Cpss is reached after 5 t/2

e If dosing stop, complete elimination of drug occurs after 5 t%2

**Plasma concentration (CSS) is directly proportional to the dose and inversely

proportional to the clearance.

Conc.

187.5 1937 1968
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4. Loading dose (L.LD)
e Loading dose (LLD): the dose given at the onset of therapy to achieve a
rapid increase in plasma drug concentration to reach Cpss without toxicity.

. LDy = Vg X Css (target Cp)
rmor lart
;;Q"—_ [LDOral = LDiv=\{ «Cgs

F (fraction of oral bioavailability)

- Used for:
: K>k :
1. drugs with Long ti2 (e.g. amiodaron) or
. o 1 SauS O 2Lg)
2. in an Emergency > )2 =90 0\‘3 =
2y o OV e | tvz sl
Qo Ve (Jb Wo <
100+ 100
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: : :  Giving high dose at the
20 4 : : . start of therapy allows
i the Cpss to be reached
10+ : afteronly 114/,
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Half lives (t42)

With loading dose

From the book:

Sometimes rapid obtainment of desired plasma levels is

needed (for example, in serious infections or arrhythmias).

Therefore, a "loading dose" of drug is administered to WEHhous ARt e

Drug concentration in plasma

achieve the desired plasma level rapidly, followed by a | ——

maintenance dose to maintain the steady state . e Time
Elimination t,,
. . . Dosing started
In general, the Disadvantages of loading doses include
increased risk of drug tox- icity and a longer time for the Figure 1.25
plasma concentration to fall if excess levels occur. Accumulation of drug administered

orally without a loading dose and with a
single oral loading dose administered at
t=0.



5. Maintenance dose (MD) — Haiitain Sread ke
e Maintenance dose (MD): the dose needed to keep the plasma drug

concentration constant at Css (the dose needed to compensate the amount

eliminated). Cop 22908
'n)

- Dosing rate (rate of administration) =@of elimination = Cl X Css

- If drug taken by|continuous 1V infusion.

Sl evidl Jo. Infusion rate = CLs X Css

- If drug taken in|repetitive doses|

CAP s auuupms(ﬂ o

MDiv| = CLs X Css X Tm (dosmg interval)
= CLs X CssXTm

F (fraction of oral bioavailability)

Drugs are generally administered to maintain a Css within the therapeutic window. It takes 4 to
5 half-lives for a drug to achieve Css.

To achieve a given concentration, the rate of administration and the rate of elimination of the
drug are important.

The dosing rate can be determined by knowing the target concentration in plasma (Cp),
clearance (CL) of the drug from the systemic circulation, and the fraction (F) absorbed
(bioavailability)
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6. Kinetic orders

A. First order Kinetics

B. Zero order (saturation) Kinetics

* A constant fraction of drugis (4~ Jauiw
eliminated per unit time. G
métabolism + excretion

¢ A constant amount of drug is eliminated

bl (e Jiis

per unit time.

->

S-ha-i._‘uh‘l(__'\.!,
Cigh Gus

e Rate of elimination is proportional to

the concentration of drug

e Rate of elimination is constant (limited

capacity of kinetics due to saturation of

. W 30K .
involved enzymes and/or carriers

e[t has a linear elimination kinetics 1i.e.
plasma concentration can be expected at
any time (using log conc.-time

disappearance curve)

Log [Drug]in plasma -

o[t has a non-linear elimination kinetics i.e.

at any time (using log conc.-time

disappearance curve)

Log [Drug]in plasma

plasma concentration can NOT be expected

reached on repeated dosing after 5 ti.
“UWJ J‘E-'l;k Conc

p)l O Gl bt
Time

S e s s o e

Css

Time Time
/\
. anstant 18 3 e t!4 is not constant
o Ast concentration (Css) is e NO Css is reached; repeated dosing =

overshooting of drug concentration.
-Enb..m“_cz

]
|

Conc.

s e e e s S

Time

e Modest changes in dose = are usually
tolerated because when drug conc. 1—

elimination 1 by the same ratio.

e Modest changes in dose —> toxicity due

to drug cumulation

¢ Drug metabolites do Not vary with dose.

e Drug metabolites may vary with dose
P Hetabtic. acidosis Le et <Fiany « alls Cals e ik il W) RAby

e Examples: Most drugs.

Example: Large dose of Aspirin, Alcohol,

Phenytoin (they follow 1% order kinetics at
Sm:;lt olOSb LVSQ’L‘J

small doses) Liret order  lysis

27



First-Order Elimination Rate <leles &M JS¢19uadl (0 %50 wddy: Jlis ¢ (oA &8 gl dacu’s 03ILA W34y L] ghny

With first-order elimination rate, a constant fraction of the drug is eliminated per unit time (t1/2 is
a constant). Graphically, first-order elimination follows an exponential
decay versus time. If 80 mg of a drug is administered and its elimination half-life = 4 h, the time
course of its elimination is:
4h 4h 4h 4h

80 mg - 40mg — 20mg = 10mg — 5mg
The rate of elimination is directly proportional to plasma level (or the amount present), i.e., the
higher the amount, the more rapid the elimination.
*Most drugs follow first-order elimination rates

*t1/2 is a constant

Units of drug
Log units of drug

Time Time

Figure 1-1-9b. Plots of First-Order Kinetics
Zero-Order Elimination Rate iiclu4 Js¢(gulf oo mi5 s8dy: JLs . 5,388 JS daas GAILA 334, L] ahay
With zero-order elimination rate, a constant amount of drug is eliminated per unit time. If 80
mg is administered and 10 mg is eliminated every 4 h, the time course of drug elimination is:

4h 4h 4h 4h
8mg — 70mg — 60mg — 50mg = 40mg

The rate of elimination is independent of plasma concentration (or amount in the body).
*Drugs with zero-order elimination have no fixed half-life (t1/2 is a variable)
*Drugs with zero-order elimination include ethanol (except low blood levels), phenytoin (high

therapeutic doses), and;salicylates (toxic doses)

Units of drug
Log units of drug

Time Time

Figure I-1-9a. Plots of Zero-Order Kinetics
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o lotal amounl of 0"‘9 = VJ' X Cf

OLoaJir:J olos:n= Vd X Css

.LoqdinJ dose =VNd x Css
ord F (Brackion of oral b.'oav.:l.n,n::\J)

einfusion rate = Clearance % CSS

o Clearance = -3 X Vd
ti/2

ODOSQSQ rate = Clearqnce X CSS

e MD,, = Cls x Css X—ri_m{v\a

—
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Quiz Time

1) A 74-year-old man was admitted to the hospital for treat- ment of heart failure. He
received 160 meg of digoxin intravenously, and the plasma digoxin level was 0.4 ng/
mL. If the desired plasma concentration of digoxin for optimal therapeutic activity in
heart failure is 1.2 ngiml, and the patient has an estimated Vd of 400 L, calculate the
additional dose of digoxin needed for this patient to achieve the desired plasma
concentration.

A.128 meg B.160 meg C.320 meg. D.480 meg E. 640 meg

2) A pharmacokinetic study of a new antihypertensive drug is being conducted in
healthy human volunteers. The half-life of the drug after administration by continu- ous
intravenous infusion is 12 hours. Which of the fol- lowing best approximates the time
for the drug to reach steady state?

A.24 hours B.48 hours C.72hours. D.120 hours E. 240 hours

3)A 64-year-old female patient (60 kg) is treated with experimental Drug A for type 2
diabetes. Drug A is available as tablets with an oral bioavailability of 90%. If the vd is 2
L1kg and the desired steady-state plasma concentration is 3.0 mg/L, which of the
following is the most appropriate oral loading dose of Drug A?

A.6mg. B.6.66mg C.108 mg D.360mg E.400 mg

4) A 55-year-old woman is brought to the emergency department because of seizures.
She has a history of renal disease and currently undergoes dialysis. She receives an
intravenous infusion of antiseizure Drug X. Which of the following is likely to be
observed with use of Drug X in this patient?

Half-life Dosage
A. T 1
B. | !
C. 1} o
D. ) 1
k. - <




5)An 1V infusion of a drug is started 400 mg/h. If C1 = 50 L/h, what is the anticipated
plasma level at steady state?
A.2mg/L B. 4mg/L C. 8mg/L D. 16mg/L E. 32mg/L

6)At 6 h after IV administration of bolus dose, the plasma level of a drug is 5 mg/L. If
the Vd = 10 L and the elimination half-life = 3 h, what was the dose

administered?

A.100mg

B. 150mg

C. 180mg

D. 200mg

E. 540mg
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1) Which statement is accurate for the drug shown in the example below?
100 mg 2hr — 50 mg 2hr — 25 mg 2hr — 12.5 mg

A. The rate of elimination is constant

B. The elimination half-life varies with the dose

C. The volume of distribution varies with the dose

D. The clearance varies with the dose

E. The rate of elimination varies directly with the dose

2) All the following statements are true for zero-order kinetics EXCEPT:
A. Elimination rate is independent of the dose

B. Elimination depends on saturable enzyme system

C. Plasma concentration of the drug cannot be expected at any time

D. Thet1/2ofthedrugisnotconstant

E. There is no fear from drug cumulation or interactions



