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Loading Dose =C xVd | (2)

Rate of Elimination = Cl x C (3)

Rate of Administration = Rate of Elimination = Cl x C*®

Rate of Elimination = Ke x A (5)

Cl=KexVvd | (6)

ty, = 0.693/K (7)

C=C*[1-e™™"] (8)

F=Diy X AUC po/ Dpox AUC;, (9)
Loading Dose = desired changeinC xVd / Sx F (10)
Ratein=SxFxDose / T =CIlxaverage C*® | s

(11)

Maintenance Dose = Cl x average C*
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GI:Rnorm
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CIcrnormal
15
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T — Tnorm (16)

BT F (KF — 1)+ 1

Creatinine Clearance = F * [(140-age yeam) * Weight we]
(mL/min) Serum creatinin wmem

(17)

F =1.04 females
F=1.23 males
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MTC = Minimum Toxlc Concentratlon
MEC = Minlmum Effective Concentration

TOXICITY

{ug/mi) THERAPEUTIC WINDOW

......................................................... MEC
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Time [h}
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AUC: Area Under the Concentration-Time Curve

Clr: Total Body Clearance
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Vd: Volume of Distribution
t1» : Half-life
F: Bioavailability
K.: Elimination rate constant
LD: Loading Dose
MD: Maintenance Dose
SS: Steady State
(Therapeutic Index) acMll au ol
Therapeutic Index = MTC/MEC
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Plasma Tissue
Drug A (10 mg)
20% = | 80%
ouliall 3530 App.Vd=10mg  _,0¢
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Drug B (10 mg)
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odiadl 58 50| App.Vd=10mg = _
2.5 mg/L 2.5 mg/L

&ya,9 acy> slhac] a2y syl 58 il yaxd Sralall g0l px> Jlomiwl (S

Loading Dose

C= Vd

Loading Dose = C x Vd (2) Dataal
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Rate of Administration = Rate of Elimination = Cl x C*° (4) Uateal

Elimination Rate Constant Ke gl, bl ac ,uw aul .3.3
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Rate of Elimination=CI x C
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AUC (Area Under the Saiall mhan ¢iad dabiadl A 06 Fogall il gl Glas o5 O
Curve)

C (mg/mL)

dt

'Time (h)

The amount eliminated in any unit time dt = CI x C x dt

The total amount of drug eliminated =X CI x C x dt

X Cxdt=AUC
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Cl= Di.v / AUCi_V
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Clinical Applications of Pharmacokinetics
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Amount of creatinine
24

= rate of excretion (mg/h)

At il (S agopal) (il S 38 4 Aslaall 3 C® Jlaind 5 21l e s JYA (g0

(e 2y ) 030) sty )

Wsles o Ao YU aal k) Ao ju e Yoy cpily S 215 Ao o Gl oSy ALy 43y )b
:Cackroft and Gault

Creatinine Clearance = | % [(140-age year)) X Weight @] (18) sl
(mL/min) Serum creatinin gmoi

F = 1.04 females
F=1.23 males
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Ols (Vd = 18 L) of cule 13 el 8 U8 Gy yall 12 W glae ) cany Al de ) Guua)
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(TDM) @9sW @Ml wlwildl adlw .3.5
raus> Ml Lpiluil audl ol asxuiv oll agsVl .1.3.5

(Digoxin, Theophylline, Gentamycine, ) szl da3tal) 338U i3 4y 52 -1
Lithium, Phenytoin, Carbamazepine, phenobarbital, primidone,
valproate, ciclosporin)
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HIGH-RISK DRUGS
THERAPEUTIC RANGE

DIGOXIN 0.8-2.0 pug/L
THEOPHYLLINE  10-20 mg/L

GENTAMICIN 5-12 mg/L (Peak)

LITHIUM 0.4-0.8 mmol/L

Qial] Ml 6381 Wld @gsVl wle,> Lasi ai,b .2.3.5
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TDM :cl,>| xic Ly £999)1 S s\l WbV .3.3.5

345 Allay i sl o Gl S3Y) -1
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Theophylline ,Jla9g.iJ]l JUo

Theophylline is an alkaloid related to caffeine. It has a variety of clinical effects
including mild diuresis, central nervous system stimulation, cerebrovascular
vasodilation, increased cardiac output and bronchodilation. It is the latter
which is the major therapeutic effect of theophylline. Theophylline does have
some serious toxic effects but there is a good serum concentration-
relationship.

Serum Concentration-Relationship

BA: 95%

< 5 mg/ L: no bronchodilation

e 5—10 mg/L: some bronchodilation and possible anti-inflammatory action

e 10-20 mg/L: optimum bronchodilationm minimum side effects

e 20-30 mg/L: increased incidence of nausea, vomiting and cardiac
arrhythmias

e >30 mg/L: cardiac arrhythmias, seizures

Distribution

Theophylline is extensively distributed throughout the body, with an average
volume of distribution based on population data of 0.48 L/kg

Elimination

Elimination is a First-Order process primarily by hepatic metabolism to
relatively inactive metabolites.
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The population average for theophylline clearance is 0.04 L/h/Kg, but this is
affected by a number of diseases/drugs/pollutants, therefore this value should
be multiplied by:

e 0.5 where there is cirrhosis, or when cimetidine, erythromycin or
ciprofloxacin is being taken concurrently

1.1 with phenobarbital

0.4 where there is congestive heart failure with hepatomegaly

0.8 where there is severe respiratory obstruction

1.6 in patients who smoke (defined as more than 10 cigarettes per day),
since they metabolize theophylline more quickly

Neonates metabolize theophylline differently, with 50% being converted to
caffeine. Therefore when it is used to treat neonatal apnea lower therapeutic
range is used (usually 5-10 mg/L)

Product Formulation

Aminophylline (the ethylendiamine salt of theophylline) has only 80%
theophylline. Therefore, the salt factor (S) is 0.8.

Practical Implications

Intravenous bolus doses of aminophylline need to be given slowly (preferably
by short infusion) to avoid side effects due to high blood levels during the
distribution phase.

Oral doses with slow-release preparations are designed to provide 12 hours
cover. In some cases there is a need to increase the dose or frequency of
administration (smokers)

1(4) Alwa
A 57-kg male asthmatic smoker was presented at the emergency room with
evidence of severe pulmonary obstruction. He has been taking 250 mg of
theophylline as Theo-Dur (sustained-release) tablets twice a day, the last dosage

of which was taken about 8 hours prior to admission. The patient has been
taking erythromycin for 3 days and also takes phenobarbital for seizures.

Depending on the previous information answer the following questions?
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Questions:
1. What is the “admission” theophylline level if 100% compliance is assumed?

2. What is the proper dosage regimen for this patient?
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