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PHARMOKINETICS I-IV
(5,8)

Dr. Hendrix

Pharmacodynamics = what the drug does to the body (concentration vs. response)

(1) Select desired effect with acceptable toxicity

(2) Identify associated concentration

Pharmacokinetics = what the body does to the drug (concentration vs. time)

(3) Identify dose to achieve effect safely (btw MEC and MSC)

(4) Select dosing frequency to maintain effect

-Since patients handle drugs differently, must analyze, design, and modify an individuals regimen
Dosing Tools include 

Intravenous Bolus       Cont. Infusion      Intermittent Infusion     Intermittent Extravascular (oral)

-Recall that drug always has to cross membranes to get to site of action effected by
(size, polarity
( water:octanol distribution

(protein binding:Only unbound drug is free to move across membrane and interact with targets



      (Ex: Highly bound Dicoumarol + Naproxen less efficient ↑dosage v lithium + penicillin)

Major Binding Proteins= (1) Albumin [many sites with weak affinity]





  (2) α1-acid glycoprotein [Few sites with strong affinity]

Altered Protein Production or loss
Inflammation, myocardial infarction (↑α1 :

Cirrhosis, nephritic syndrome ( ↓ albumin



Altered Affinity




Uremia (renal failure) ( ↓ binding



Displacement




2nd drug competes for same binding site so have to give in higher molar quantities
(pKa: pH partition hypothesis, acid base  Hard for charged molecules to cross

Henderson-Hasselbach Equation
      ACIDS:  pH = pKa + log ([Ionized]/[Un-ionized])


-As pKa↑ or pH ↓, percent uncharged ↑
      BASES:  pH = pKa + log ([Un-ionized]/[Ionized])


-As pKa↓ or pH ↑, percent uncharged ↓
Recall that pKa is the pH at which ionized and un-ionized concentrations are equal

??????????pKa Values of Drugs????????????? P. 11

-Gastric Juice (pH of 1.4 ) ( [HA] uncharged can cross into blood (pH= 7.4) ( [A-]
-Cgastric/Cblood = .001
-Drugs enter Blood/ lumen bound, become unbound/uncharged, and cross thru tissue then charged and removed

	
	GASTRIC FLUID
	URINE
	BLOOD

	PH
	1.5 – 7.0
	4.5 – 7.5
	7.4


-Weak Bases and Acids have the highest Permeability

-Moderate Bases (5-11) and Acids (pKa 3-7.5) have Varied Permeability dependent upon pH
-Strong Acids and Bases have low permeability

( Cellular Transporters: Active Movement

-Want to go from lumen into capillary, so need to block reentry into lumen to increase efficiency

-See Page 14 For Relationships between Absorption, Distribution, Metabolism, and Elimination

PHARMACOKINETIC PARAMETERS

	Area Under Curve
	Bioavailability
	Volume of Dist
	Clearance
	Elimination Rate Constant
	Half-Life

	AUC
	F
	Vd
	Cl
	K
	t1/2

	
	Fraction/Percent
	
	
	
	


AUC = Measure of Drug Exposure Taking into Account Concentration (y) and Time (x) [amount in blood]
F = Fraction of a dose of Drug that reaches systemic circulation after an extravascular dose 
      B/C of poor diss, pre-systemic metabolism, probs crossing membranes, short exposure to absorptive surfaces

 
 F = AUCEV/AUCIV 

(Admistered Dose x F = Systemic Dose )

Oral Bioavailability of Common Drugs


-Caffiene (100)drink ( morphine (24)(acyclovir (15)have to take 4x a day ( amphotericin(O) IV

Low F requires more drug by mouth then IV, If very Low then drug must be taken through IV

Salts of Parent Active Drug Administered as IV

S= Amount of active drug/ Amount of total drug (salt) in administered form

“Salt” Dose x S = “Non-Salt” Dose


Example: Aminophylline (IV salt) and Theophylline (parent drug in pill)

(Theo has the label 100mg/100ml, but 20mg are salt so really only 80% Drug  (S = .8)

( F = Oral Dose AUC/IV dose AUC = .95


     IV Theo dose = Oral Theo dose x .95       How much actually gets in if taken orally (bioavailability)


( IV Theo dose / .8 = IV Amino Dose  
     Take into consideration salt percentage by dividing by S

             Oral theo dose * .95/.8 = IV aminophylline dose
*****  Oral Parent Dose* F / S = IV Salt Dose*******

PK PARAMETER RELATIONSHIPS (DRAW FROM PAGE 20)

Rate = mg/min
   Concentration = mg/ml
Clearance = ml/min





=dose/Vd

Vd = Volume into which a dose “appears to have been uniformly distributed
-Affected by drug movt across membranes, not necessarily a physiologic space 
-To get desired concentration you have to increase dosage with increased body weight (Vd = L/kg)











         (Cp = Wt /Vd)


Example: Dose = 100mg 
Vd = .25 L/kg



Man




Woman 



Child

Wt = 

  70 kg




50 kg




25kg 

Vd= Wt*.25         17.5L




12.5L




6.25L

Cp = Dose/Vd      5.7mg/L



8.0mg/L



16mg/L

Case Calculating Vdpop

*Vd population (theo) = .5 L/kg

*Patients Lean Weight = 62 kg

*Vdpop = .5 x 62 = 31 L

Loading Dose to achieve a desired drug concentration to initate a new drug or improve an existing one

Assumes instatenous uniform distribution of drug throughout the body and takes no account of time

LD = ∆ C x Vd / (F x S)

∆ C = target concentration – estimated admission concentration

Vd is actually only the apparent volume of distribution

-slope of the line of Dose (y) v. Concentration (x) [y= mx + b]

Dose x F = Vd x Concentration
-Thus use loading dose to get [desired]     



         LD = ∆ C x Vd / (F x S)

-Plasma Protein binding decreases volume of distribution

-Vd calculation is determined by site and method of drug measurement


-Artifact since blood is sampled not tissues and binding protein stays in place, doesn’t cross membranes


-Also, most assays measure total not free drug concentration: Thus a theoretical concept not real volume

Elimination Rate Constant (ke)  : = dose [mg] / elimination rate [mg/hr]
=Fraction of a drug in the body which is eliminated from the body per unit of time (units = 1/hr)
-slope of elimination rate vs Dose or amount of body
-Elimination rate (mg/hr) = ke (h-1) * Amount of body (mg)

Draw Graph page 27

First Order 








Zero Order
Rate = Ke A1                                                                                    

Rate = ke Ao
Drug Decreases by Same Fraction in each period of time

-Linear on a Natural log of [] vs Time scale

Elimination Rate Constant (k): Calculation from Concentration- Time Data









Y = mx + b









Ln Ct = -kt + ln Co









Ln Ct-ln Co = -kt









Ln (Ct/Co) = -kt *








Ct/Co = e-kt








**Ct = Co e-kt **
Half-life (t1/2) = time required for concentration to drop by half

-only appropriate for 1st order situation: special case where Ct/Co = ½   e -kt(  Ln (1/2) = -.7= -kt1/2
 ** .7/ t1/2 = k**

e-kt = 1/2n
n = ∆ t / (t1/2)  = number of half-lives elapsed
n’ = τ /  (t1/2) = number of half-lives in dosing interval

DRUG ELIMINATION LINEAR SCALE (p. 30)

[An image showing exponential decay of drug elimination was removed]

Ct =(Co)e -kt = Co (1/2n)    (     Ct/Co = (1/2n)
Around 95% of the drug is removed between 4 and 5 half lives

CASE: STOPPING AN INFUSION (IV) OR SKIPPING A DOSE (PO)

**Ct/Co = (1/2n)**

Ct = [target],   Co = [current]           n=# of half lives






(Example: Desired is 68% of current so wait ½ of ½ life 

Dose Interval Decay

Where n’ = τ /t1/2  = # of half lives in dosing interval

**Cmax/Cmin = 2n’ ** (Peak Trough Rel)

Elimination Rate Constant, k

-Fractional elimination of drug per unit time: relating elimination rate to dose only in 1st order situations

K = Slope of elimination vs. dose =.7/ t1/2   = Cl/Vd    (unique to the drug)
Calculating Individual Vd, t1/2  

-Measure [drug] at two time points during decay phase

-Plot [] vs. time on semi-log graph

1) Calculate Slope:   -k = (lnC2-lnC1)/(t2-t1)


2)  t1/2   = .7/k
2) Find y-intercept = lnCo

3) Vd = Dose * F/Co

To calculate t1/2 algebraically

C∆t  =  C0 ( e -k∆t 

k  =  {ln (C0 / C∆t)}/ ∆t

t1/2  =  0.7 / k
CLEARANCE: (L/HR)

= Rate at which a volume of fluid is completely cleared of drug
Slope of rate of elimination vs. []:     ER = Cl x Css

-Saturable process as [] increases to zero order

-varies w/drug and patient

E =extraction ratio   (Ca-Cv) /Ca
and
Cl = Q (Ca-Cv) / Ca so   **Cl = Q x E***

Hepatic Clearance = Fxn of Hepatic Flow and Extraction Ratio (fxn of metabolizing enzymes)

Renal Clearance = Filtration + Secretion – Reabsorption (filtration varies w/protein binding

Other Clearances- = (intestines, lungs etc)

*Total Clearance = hepatic + renal + Other*

Cltotal = (Dose *F) / AUCblood


Clrenal = (Dose*F)/AUCrenal
Elimination Rate ↑ w/ ↑ [] early into the infusion, till infusion rate = elimination rate, thus [] is steady, Css

STEADY STATE: In = Out:

Input Rate = Elimination Rate


Input Rate = Maintenance Dose Rate (MD ( F /t)


Elimination Rate = Clearance • Concentration @ SS




MD =  Css( Cl
  (            F                   (note: For IV, F = 1)
Quasi steady-state =intermittent dosing, i.v. or oral

Time to (95%) steady-state = 4 to 5 half-lives
BY GIVING A BOLUS (IMMEDIATE UP then decays) simultaneous w/ IV (Gradual accumulation) (Css

[A graph of the equations of accumulation and decay was removed]
K = Elimination Rate/ Amount in body “dose” =  (Css x Cl) / (Css x Vd)
**Cl = Vd (k)  = Vd (.7/ t 1/2)

[A diagram of the relationships between loading dose, maintenance dose, target concentration, k, Vd, and Cl was removed.]
Dosing Regimen

1) Loading Dose + Maintenance Dose to reach steady state (Co= Css) (see above graph)

2) Intermittent Dosing

( Pseudo Steady State (In= OUT

(Has same [average] as continuous IV (see rectangular hyperbola)

(Dosing Interval Determines Peak Trough Ratio (longer yuou wait, the bigger the difference)




*Cl determines Css
* τ /t 1/2   determines Cmax/Cmin*

ACCUMULATION INDEX (Rac) = How much drug at Cmax ss In relation to Cmax at single dose

Rac =  Cmax,ss / Cmax,1

= 1 / (1-e-k()

= 1 /(1-1/2n)

	Half Lives
	1/5
	¼
	1/3
	½
	1
	2
	3
	4
	5
	6

	Rac
	7.7
	6.3
	4.8
	3.4
	2.0
	1.33
	1.14
	1.07
	1.03
	1.02


( No accumulation if you dose so infrequently, thus good to prevent toxicity

( [] in 1st couple of days no where near the Css, so give steady state

(Dose on ½ life and double Cmaxs,s

ACCUMULATION (Rac) & Dosing

( Derivation of MD w/ Intermittent Dosing to achieve desired steady-state concentration (see p.47 for derivate)

[A graph of the result of drug concentration due to intermittent dosing was removed.]

Calculate MD and τ to achieve desired Peak and Trough

CONCENTRATION CONSTRAINED DOSING

*Maximum dosing interval, (max

Cmax/Cmin = 2n’   where   n’ = t / t1/2
(max = ln (Cmax, ss / Cmin, ss) / (0.7 / t1/2)
*Loading (adjusting) dose

LD = (Cmax, ss - Cpresent) • Vd / F

*Maintenance dose (given every (max)  similar to mini-loading dose in this context
MD = (Cmax, ss - Cmin, ss) • Vd / F

























