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Lab 1

Introduction

Mathematical Fundamentals in Pharmacokinetics
1. Exponents

In the expression,      N = bx ......... x is the exponent, b is the base, and N represents the number when b is raised to the x th power, ie, b x. 
For example,   1000 = 103 ............Where 3 is the exponent, 10 is the base, and 103 is the third power of the base, 10. 

Law of exponents                             Example
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2. Logarithms

The logarithm of a positive number N to a given base b is the exponent x to which the base must be raised to equal the number N. Therefore, if

N = bx    then      logb N = x
For example, with common logarithms (log), or logarithms using base 10,

100 = 102   then   log 100 = 2, The number 100 is considered the antilogarithm of 2.

Natural logarithms (ln) use the base = e 
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To relate natural logarithms to common logarithms, the following equation is used:

ln N = 2.303 log N 
Cont. Lab 1

Practice Problems

1. Find the log of 35.
2. Find the log of 0.028. 

3. Evaluate e – 1.3
4. Find the value of k in the following expression:       25 = 50e –4k 
5. Plot the following data on both semilog graph paper and standard rectangular coordinates.

	Time (min)

	Drug A (mg)


	10

	96.0


	20

	89.0


	40

	73.0


	60

	57.0


	90

	34.0


	120

	10.0


	130

	2.5



	

	


a. Does the decrease in the amount of drug A appear to be a zero-order or a first-order process? 

            b. Does the amount of drug A extrapolate to zero on the x axis? 

c. What is the equation for the line produced on the graph?
d. What is the rate constant k?   

e. What is the half-life t 1/2? 

6. Plot the following data on both semilog graph paper and standard rectangular coordinates.

	Time (min)

	Drug A (mg)


	4

	70.0


	10

	58.0


	20

	42.0


	30

	31.0


	60

	12.0


	90

	4.5


	120

	1.7



	

	


Answer questions a, b, c, d, and e as stated in Question 5.
Lab 2
Intravenous Bolus Administration 

Note:  IV Bolus = IV Push = Single IV dose
Problem 1
A 50-kg woman was given a single IV dose of an antibacterial drug at a dose level of 6 mg/kg. Blood samples were taken at various time intervals. The concentration of the drug (Cp) was determined in the plasma fraction of each blood sample and the following data were obtained:

	t (hr) 

	C p (µg/ml)
 


	0.25

	8.21


	0.50

	7.87


	1.00

	7.23


	3.00

	5.15


	6.00

	3.09


	12.0

	1.11


	18.0

	0.40



	


a. What are the values for V D, k, and t 1/2 for this drug?
Problem 2

A new antibiotic drug was given in a single intravenous bolus of 4 mg/kg to five healthy male adults ranging in age from 23 to 38 years (average weight 75 kg). The pharmacokinetics of the plasma drug concentration–time curve for this drug fits a one-compartment model. The equation of the curve that best fits the data is:
Cp = 78 e -0.46 t
Determine the following (assume units of µg/Ml for C p and hr for t): 
a. What is the t 1/2? 

b. What is the V D? 

c. What is the plasma level of the drug after 4 hours? 

d. How much drug is left in the body after 4 hours? 

e. Assuming the drug is no longer effective when levels decline to less than           2 µg/Ml, when should you administer the next dose?
Cont. Lab 2

Problem 3

Assuming first order elimination and IV bolus administration, find out:

a. How much fraction of the initial amount remains in the body after 4 half- life?

b. If the half life of a drug is 6 hr.  What fraction is left in the body at 20 hr?

c. If 20 % of a dose remains in the body at 10 hr. What is the half life of the drug?
Problem 4
Determine the total body clearance for a drug in a 70-kg male patient. The drug follows the kinetics of a first order one-compartment model and has an elimination half-life of 3 hours with an apparent volume of distribution of 100 mL/kg.
Problem 5
A 170 mg dose of cinoxin was given to a group of patients and the following data was obtained.

	Time, hr
	0.5
	1
	1.33
	2
	3
	4
	6
	8

	Conc., mg/L
	36.9
	24.7
	19
	11.1
	5
	2.2
	0.42
	0.09


a. Calculate C0, slope, k, t1/2, VD, Cl, AUC.

b. What is the time for the drug to reach 5 % of the dose?
Lab 3

Intravenous Bolus Administration 

The trapezoidal rule

· frequently used in pharmacokinetics to calculate the area under the plasma drug concentration-versus-time curve (AUC).
· The area between time intervals is the area of a trapezoid and can be calculated with the following formula:

[AUC] tn t n-1  = [image: image18.png]C(n-1)+Cn
2



 (tn – t n-1)
where [AUC] = area under the curve, tn = time of observation of drug concentration Cn , and tn – 1 = time of prior observation of drug concentration corresponding to C n – 1.

· The total area under the plasma drug level-versus-time curve is obtained by summation of each individual area between two consecutive time intervals using the trapezoidal rule. 

· The value on the y axis when time equals zero is estimated by back extrapolation of the data points using a log linear plot (ie, log y versus x).

· At times, the area under the plasma level time curve is extrapolated to t = ∞. In this case the residual area [AUC]t∞ tn is calculated as follows:

[AUC]t∞tn = [image: image20.png]



where C pn = last observed plasma concentration at tn and k = slope.

· The trapezoidal rule written in its full form to calculate the AUC from t = 0 to t = ∞ is as follows:

[AUC]t∞0 = ∑[AUC] tn t n-1  +  [image: image22.png]
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Cont. Lab 3

Problem 1
A drug with an elimination half-life of 8 hours was given to a male patient (62 kg) by rapid intravenous injection in a single dose 600 mg.  Assuming the apparent V D for this drug is 400 ml/kg calculate the following:

a. What is the percent of the dose is eliminated in 24 hr? 

b. What is the expected plasma drug concentration at 24 hr?
Problem 2

A 81-kg patient  was given a single IV dose of an antibacterial drug 2 gm. Blood samples were taken at various time intervals. The concentration of the drug (C p) was determined in the plasma fraction of each blood sample and the following data were obtained:
	Time, hr
	1
	2
	4
	6
	7
	8

	Conc., mg/L
	120
	108
	88
	72
	60
	58


a. What are the values for V D, Cl, AUC and t 1/2 for this drug? 

b. What is the amount of drug remained after 3 t ½  and after 10 hr?
Problem 3

A 100 mg of a new drug was given as an IV bolus dose and it was determined that its fit to the following equation:
C = 6.5 e- 0.25 t

Assuming C (mg/L) and t (h), Calculate V D, Cl, AUC and t 1/2 for this drug?
Problem 4

T.M. 70 kg female patient received IV injection of drug X.  A urine samples have been collected as follows:

	Time, hr
	0-1
	1-2
	2-4
	4-6
	6-9
	9-12

	Amount of drug in urine., mg
	9.7
	6.7
	6.2
	3.4
	1.0635
	


Using the rate method determine the following:
a. The half-life of the drug.

b. Elimination rate constant.

c. Renal elimination rate constant.

d. Fraction of the drug excreted unchanged renally.

Lab 4

Problem 1

A single IV dose of an antibiotic was given to a 50-kg woman at a dose level of 20 mg/kg. Urine and blood samples were removed periodically and assayed for parent drug. The following data were obtained:

	Time (hr)

	C p (µg/mL)
 

	D u (mg)
 


	0.25

	4.2

	160


	0.50

	3.5

	140


	1.0

	2.5

	200


	2.0

	1.25

	250


	4.0

	0.31

	188


	6.0

	0.08

	46



	


Using rate method, determine the following:

1. The half life of the drug.

2. Elimination rate constant.

3. Renal Elimination rate constant.

4. Fraction of the drug excreted unchanged renally.
Problem 2
Using the data in the preceding problem, and sigma-minus method, determine the following:

1. The half life of the drug.

2. Elimination rate constant.

3. Renal Elimination rate constant.

4. Fraction of the drug excreted unchanged renally.
Problem 3

A new broad-spectrum antibiotic was administered by rapid intravenous injection to a 50-kg woman at a dose of 3 mg/kg. The apparent volume of distribution of this drug was equivalent to 5% of body weight. The elimination half-life for this drug is 2 hours.
If 90% of the unchanged drug was recovered in the urine, what is the renal excretion rate constant? 
Lab 5

Intravenous Infusion

Problem 1
A female patient (35 years old, 65 kg) with normal renal function is to be given a drug by IV infusion. According to the literature, the elimination half-life of this drug is 7 hours and the apparent V D is 23.1% of body weight. The pharmacokinetics of this drug assumes a first-order process. The desired steady-state plasma level for this antibiotic is 10 µg/Ml.
a. Assuming no loading dose, how long after the start of the IV infusion would it take to reach 95% of the C SS? 

b. What is the proper loading dose for this antibiotic? 

c. What is the proper infusion rate for this drug? 

d. What is the amount of the drug in the body at steady-state?

e. What is the total body clearance? 

f. If the total body clearance declined 50% due to partial renal failure, what new infusion rate would you recommend to maintain the desired steady-state plasma level of 10 µg/Ml?

Problem 2

An antibiotic drug is to be given to an adult male patient (75 kg, 58 years old) by IV infusion. The drug is supplied in sterile vials containing 30 Ml of the antibiotic solution at a concentration of 125 mg/Ml. What rate in 
illilitres per hour would you infuse this patient to obtain a steady-state concentration of 20 µg/Ml? What loading dose would you suggest? Assume the drug follows the pharmacokinetics of a one-compartment open model. The apparent volume of distribution of this drug is 0.5 L/kg, and the elimination half-life is 3 h.
Problem 3
According to the manufacturer, a steady-state serum concentration of 17 µg/Ml was measured when the antibiotic cephradine (Velosef, Bristol-Meyers, Squibb) was given by IV infusion to 9 adult male volunteers (average weight, 71.7 kg) at a rate of 5.3 mg/kg hr for 4 h.
a. Calculate the total body clearance for this drug. 

b. When the IV infusion was discontinued, the cephradine serum concentration decreased exponentially, declining to 1.5 µg/Ml at 6.5 hours after the start of the infusion. Calculate the elimination half-life. 

c. From the information above, calculate the apparent volume of distribution. 

Problem 4

An anticonvulsant drug was given as (a) a single IV dose and (b) a constant IV infusion. The serum drug concentrations are as presented.

	Concentration in Plasma (µg/mL)
	Time (hr)
	0
	2
	4
	6
	8
	10
	12
	18
	24

	
	Single IV Dose 
(1 mg/kg)
	10
	6.7
	4.5
	3
	2
	1.35
	
	
	

	
	Constant IV Infusion 
(0.2 mg/kg per hr)
	0
	3.3
	5.5
	7
	8
	8.6
	9.1
	9.7
	9.9


a. What is the steady-state plasma drug level? 
b. What is the time for 95% steady-state plasma drug level? 

c. What is the drug clearance? 

d. What is the plasma concentration of the drug 4 hours after stopping infusion? (Infusion was stopped after 24 hours.) 

e. What is the plasma drug concentration 4 hours after an IV dose of 1 mg/kg followed by a constant infusion of 0.2 mg/kg per hour?

Lab 6

Determination of Absorption Rate Constants from Oral Absorption Data

Using Method of Residuals

[image: image26.png]


.............1

Assuming k a >>> k in Equation 1, the value for the second exponential will become insignificantly small with time (ie, e –k at ≈ 0) and can therefore be omitted. When this is the case, drug absorption is virtually complete. Equation 1 then reduces to Equation 2.
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..........................2

From this, one may also obtain the intercept of the y axis.

A = [image: image30.png]FKaDo
va(xa—s)




where A is a constant. Thus, Equation 2 becomes

C = A e-kt............................................3

This equation, which represents first-order drug elimination, will yield a linear plot on semilog paper. The slope is equal to –k/2.3. The value for k a can be obtained by using the method of residuals or a feathering technique as following:

1. Plot the drug concentration versus time on semilog paper with the concentration values on the logarithmic axis. 

2. Obtain the slope of the terminal phase by extrapolation. 

3. Take any points on the upper part of  (eg, x'1, x'2, x'3, . . .) and drop vertically to obtain corresponding points on the curve (eg, x 1, x 2, x 3, . . .). 

4. Read the concentration values at x 1 and x'1, x 2 and x'2, x 3 and x'3, and so on. Plot the values of the differences at the corresponding time points ∆1, ∆2, ∆3, . . . . A straight line will be obtained with a slope of –k a/2.3.

When using the method of residuals, a minimum of three points should be used to define the straight line. Data points occurring shortly after t max may not be accurate, because drug absorption is still continuing at that time. Because this portion of the curve represents the postabsorption phase, only data points from the elimination phase should be used to define the rate of drug absorption as a first-order process.

The time for maximum drug concentration, t max,
tmax = [image: image32.png]



Problem 1
Plasma samples from a patient were collected after an oral bolus dose of 10 mg of a new benzodiazepine solution as follows:
	Time (hr)

	Concentration (ng/mL)


	0.25

	2.85


	0.50

	5.43


	0.75

	7.75


	1.00

	9.84


	2.00

	16.20


	4.00

	22.15


	6.00

	23.01


	10.00

	19.09


	14.00

	13.90


	20.00

	7.97



	

	


a. Determine the elimination constant of the drug. 

b. Determine k a by feathering. 

c. Determine the equation that describes the plasma drug concentration of the new benzodiazepine.

d. the elimination half-life, t 1/2; 

e. the t max, or time of peak drug concentration.
 f. the volume of distribution of the patient.
Problem 2

A single oral dose (100 mg) of an antibiotic was given to an adult male patient (43 years, 72 kg). From the literature, the pharmacokinetics of this drug fit a one-compartment open model. The equation that best fits the pharmacokinetics of the drug is
[image: image34.png]1s¢




)

From the equation above, calculate (a)t max, (b)C max, and (c)t 1/2 for the drug in this patient. Assume C p is in µg/mL and the first-order rate constants are in hours– 1.

Problem 3

Two drugs, A and B, have the following pharmacokinetic parameters after a single oral dose of 500 mg:

	Drug

	k a (hr– 1)
 

	k (hr– 1)
 

	V D (mL)
 


	A

	1.0

	0.2

	10,000


	B

	0.2

	1.0

	20,000



	

	


Both drugs follow a one-compartment pharmacokinetic model and are 100% bioavailable. 

a. Calculate the t max for each drug. 

b. Calculate the C max for each drug.
Lab 7
Multiple-Dosage Regimens (1)
Equations
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Practice Problems

Problem 1

Gentamicin has an average elimination half-life of approximately 2 hours and an apparent volume of distribution is 10 L. It is necessary to give gentamicin, 1 mg/kg every 8 hours by multiple IV injections, to a 50-kg woman with normal renal function. Calculate:
a. C max
b. C min
c. C av.

Problem 2

A physician wants to give theophylline to a young male asthmatic patient (age 29, 80 kg). According to the literature, the elimination half-life for theophylline is 5 hours and the apparent V D is equal to 40 L. The plasma level of theophylline required to provide adequate airway ventilation is approximately 10 µg/mL.
a. The physician wants the patient to take medication every 6 hours around the clock. What dose of theophylline would you recommend (assume theophylline is 100% bioavailable)? 

b. If you were to find that theophylline is available to you only in 225-mg capsules, what dosage regimen would you recommend?

Problem 3
What is the loading dose for an antibiotic ( t ½ = 3 hr) with a maintenance dose of 200 mg every 3 hours?
Problem 4
Tetracycline hydrochloride (Achromycin V, Lederle) is prescribed for a    young adult male patient (28 years old, 78 kg) suffering from gonorrhea. According to the literature, tetracycline HCl is 77% orally absorbed, is 65% bound to plasma proteins, has an apparent volume of distribution of 0.5 L/kg, has an elimination half-life of 10.6 hr, and is 58% excreted unchanged in the urine. The minimum inhibitory drug concentration (MIC) for gonorrhea is 25–30 µg/mL.
a. Calculate an exact maintenance dose for this patient to be given every 6 hours around the clock. 

b. Achromycin V is available in 250-mg and 500-mg capsules. How many capsules (state dose) should the patient take every 6 hours? 

c. What loading dose using the above capsules would you recommend for this patient?
Problem 5
A patient receives 1000 mg every 6 hours by repetitive IV injection of an antibiotic with an elimination half-life of 3 hours. Assume the drug is distributed according to a one-compartment model and the volume of distribution is 20 L.
a. Find the maximum and minimum amount of drug in the body.

b. Determine the index for measuring drug accumulation.

c. The plasma drug concentration  at 3 hours after the second dose.
d. The steady-state plasma drug concentration  at 3 hours after the last dose.
Problem 6
Tolbutamide, an oral hypoglycemic agent, has the following pharmacokinetics parameters in a 7o kg adult: F=1, V=9 L, CL=1.1 L/hr, fe = 0.03.  Elimination is almost exclusively via oxidation to hydroxytolbutamide.

a. Calculate the average plateau concentration when tolbutamide is administered in a regimen of 0.5 g orally twice daily.
(Ref. No. 9, p 288, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)

Lab 8

Multiple-Dosage Regimens (2)
QUIZ : 10 min / 2 points: Multiple-Dosage Regimens Equations
Problem 1
The body clearance of sumatriptan (Imitrex) is 250 mL/min. The drug is about 14% bioavailable. What would be the average plasma drug concentration after 5 doses of 100 mg PO every 8 hours in a patient? (Assume steady state was reached.)
(Ref. no.11, Ch. 8, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)
Problem 2
Cefotaxime has a volume of distribution of 0.17 L/kg and an elimination half-life of 1.5 hr. What is the peak plasma drug concentration in a patient weighing 75 kg after receiving 1 g IV of the drug 3 times daily for 3 days? 
(Ref. no.12, Ch. 8, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)
Problem 3

An adult male patient (46 years old, 81 kg) was given orally 250 mg of tetracycline hydrochloride every 8 hours for 2 weeks. From the literature, tetracycline hydrochloride is about 75% bioavailable and has an apparent volume of distribution of 1.5 L/kg. The elimination half-life is about 10 hours. The absorption rate constant is 0.9 hr– 1. From this information, calculate: average plasma drug concentration at steady-state.
(Ref. example, Ch. 8, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)
Problem 4

Patient C.S. is a 35-year-old male weighing 76.6 kg. The patient is to be given multiple IV bolus injections of an antibiotic every 6 hours. The effective concentration of this drug is 15 (g/mL. After the patient is given a single IV dose, the elimination half-life for the drug is determined to be 3.0 hr and the apparent V D is 196 mL/kg. Determine a multiple IV dose regimen for this drug (assume drug is given every 6 hours). 
(Ref. example, Ch. 8, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)
Problem 5

Ampicillin has the following average pharmacokinetics parameters values in a 70 kg subject:

F = 0.6, V = 20 L, Cl= 160 mL/min, fe = 0.8

Determine the minimum oral maintenance dose of ampicillin, to be given every 6 hr, to keep the urinary drug concentration (in ureters) above 50 mg/L and the plasma concentration is 0.39 mg/L.  This value is the minimum inhibitory concentration against an antibiotic-resistant organism believed to be producing the patient’s urinary tract infection.
(Ref. No. 7, p 200, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)

Problem 6

Vancomycin is chosen for the therapy of a 17 kg, 4 year old, 108 cm tall boy with staphylococcal pneumonia, which is refractory to other antibiotics.  The child has moderately impaired renal function as indicated by a serum creatinine of 2.7 mg/dL.  Approximately 95% of a dose of vancomycin is normally excreted unchanged.  Its half life and volume of distribution are 6 hr and 0.4 L/kg, respectively, in a typical 55 year old patient.
Estimate the maximum and minimum steady state concentrations associated with therapy in a typical 55 year old patient who receive a 1000 mg i.v. bolus dose every 12 hr?
(Ref. No. 5, p 264, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)

Lab 9
Drug-Drug Interactions

A. Effecting Physiologic Drug Distribution and Protein Binding

Problem 1

Drug A and drug B have V app of 20 and 100 L, respectively. Both drugs have a V p of 4 L and a V t of 10 L, and they are 60% bound to plasma protein. What is the fraction of tissue binding of the two drugs? Assume that V p is 4 L and V t is 10 L.
Problem 2

The volume of distribution of quinacrine, a drug bound to albumin in plasma, is about 40000 L.  The fraction unbound in plasma is 0.08.

a. The plasma concentration when 1g of a drug is in the body would therefore be ....................mg/L.
b. The amount of drug in the body when the plasma concentration is 0.015 mg/L is ....................mg.
(Ref. No. 2, p 153, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)

Problem 3

Complete the table below to show tendencies by marking: ↑ for increase, ↓ for decrease,  =  for no change in the empty space.  The drug is only eliminated in the liver, and it is VD = 100 L.

	Fraction in blood unbound
	Fraction in tissue unbound
	VD

	=
	=
	

	↓
	=
	

	=
	↑
	


Problem 4
Digitoxin has a volume of distribution of 38 L in a 70 kg man and is 97 % bound in plasma.  Assume that V p is 4 L and V t is 10 L., what fraction of drug is unbound in the intercellular fluids?
(Ref. No. 7, p 154, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)

Problem 5
The kinetics of pentoxifylline, an agent prescribed for the treatment of peripheral arterial disease and intermittent calculation, is affected by cirrhosis.  The table below shows the changes in half-life and AUC following IV and oral tablet administration.
	
	Healthy Subjects
	Cirrhotic Patients

	
	Half-life

hr
	AUC

mg.hr/L
	Half-life

hr
	AUC

mg.hr/L

	IV dose

100 mg
	0.8
	0.41
	2.1
	`1.14

	Oral dose

400mg
	-
	0.52
	-
	3.36


Determine the difference in kinetic parameter values between  healthy subjects and cirrhotic patients with respect to the distribution.
(Ref. No. 6, p 265, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)

Problem 6
The following table contains pharmacokinetic values for an individual subject that typifies what is known about the interaction between quinidine and digoxin.
	
	Oral Bioavailability
	Clearance (mL/min)
	Renal Clearance (mL/min)
	Volume of Distribution (L)
	Fraction Unbound

	Digoxin alone
	0.75
	140
	101
	500
	0.77

	Digoxin plus quinidine a
	0.75
	72
	51
	240
	0.79


a When the Css,av of quinidine is 1-3 mg/L.
a. Briefly comment on how quinidine affects the distribution of digoxin.

b. Using the appropriate digoxin parameter values in the table, calculate the probable “loading” dose of digoxin needed when therapy with this drug is initiated in a patient who is undergoing antiarrhythmic therapy with quinidine.  The therapeutic concentration range, 1 to 2 µg/L, remain the same for digoxin.
(Ref. No. 6 p 286, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)

Lab 10
Drug-Drug Interactions

B. Examples of drug-drug interactions affecting drug metabolism
Problem 1

A drug fitting a one-compartment model was found to be eliminated from the plasma by the following pathways with the corresponding elimination rate constants.
Metabolism: k m = 0.200 hr– 1 

Kidney excretion: k e = 0.250 hr– 1 

Biliary excretion: k b = 0.150 hr– 1 
a. What is the elimination half-life of this drug? 

b. What would be the half-life of this drug if biliary secretion were completely blocked? 

c. What would be the half-life of this drug if drug excretion through the kidney were completely impaired? 

d. If drug-metabolizing enzymes were induced so that the rate of metabolism of this drug doubled, what would be the new elimination half-life?

(Ref. no.1, Ch. 11, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)
Problem 2
Calculate the hepatic clearance for a drug with an intrinsic clearance of 40 mL/min in a normal adult patient whose hepatic blood flow is 1.5 L/min.

a. If the patient develops congestive heart failure that reduces hepatic blood flow to 1.0 L/min but does not affect the intrinsic clearance, what is the hepatic drug clearance in this patient? 
b. If the patient is concurrently receiving medication, phenobarbital, which increases the Cl int to 90 mL/min but does not alter the hepatic blood flow (1.0 L/min), what is the hepatic clearance for the drug in this patient?

(Ref. no.5, Ch. 11, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)
Problem 3
The bioavailability of propranolol is 26%. Propranolol is 87% bound to plasma proteins and has an elimination half-life of 3.9 hours. The apparent volume of distribution of propranolol is 4.3 L/kg. Less than 0.5% of the unchanged drug is excreted in the urine.

a. Calculate the hepatic clearance for propranolol in an adult male patient (43 years old, 80 kg). 
b. Assuming the hepatic blood flow is 1500 mL/min, estimate the hepatic extraction ratio for propranolol.

(Ref. no.10, Ch. 11, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)
Problem 4
The kinetics of pentoxifylline, an agent prescribed for the treatment of peripheral arterial disease and intermittent calculation, is affected by cirrhosis.  The table below shows the changes in half-life and AUC following IV and oral tablet administration.
	
	Healthy Subjects
	Cirrhotic Patients

	
	Half-life

hr
	AUC

mg.hr/L
	Half-life

hr
	AUC

mg.hr/L

	IV dose

100 mg
	0.8
	0.41
	2.1
	`1.14

	Oral dose

400mg
	-
	0.52
	-
	3.36


Determine the difference in kinetic parameter values between healthy subjects and cirrhotic patients with respect to the total Clearance.

Problem 5

Cholrdiazepoxide, a benzodiazepine, was administered to six healthy volunteers (45 mg i.v. bolus) in crossover fashion alone or on a fifth day of a daily 400 mg dose of ketoconazole, an antifungal agent.  For the purpose of this problem, the drug has one compartment model characteristics.  Mean value of C0  and t1/2 for cholrdiazepoxide are shown in the following table.

	
	Without ketoconazole
	With ketoconazole

	C0 (mg/L)
	2
	2

	t1/2 (hr)
	23.9
	43.3


a. Complete the following table:
	
	Without ketoconazole
	With ketoconazole

	V (L)
	2
	2

	CL (L/hr)
	23.9
	43.3


b. Given that cholrdiazepoxide is eliminated by biotransformation in the liver, what physiologic mechanism(s) is responsible for the interaction of ketoconazole with cholrdiazepoxide?
(Ref. No. 3, Ch. 17, p 285, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)

Lab 11
Drug-Drug Interactions

C. Examples of drug-drug interactions affecting renal excretion
Problem 1
Calculate the creatinine clearance for a woman (38 years old, 62 kg) whose serum creatinine is 1.8 mg/dL?

(Ref. no.6, Ch. 21, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)
Problem 2
What is the creatinine clearance for a 25-year-old male patient with C Cr of 1 mg/dL and a body weight of 80 kg? 
(Ref. practice problems no.1, Ch. 21, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)

Problem 3

Theophylline is effective in the treatment of bronchitis at a blood level of 10–20 µg/mL. At therapeutic range, theophylline follows first-order kinetics. The average t 1/2 is 3.4 hours. The average volume of distribution is 30 L.
a. What are the total body clearance for theophylline? 
b. The renal clearance of theophylline is 0.36 L/hr. What are the k m and k e, assuming all nonrenal clearance (Cl NR) is due to metabolism?

Problem 4

In the following table various data on four patients with varying degrees of renal function are listed.  None of them is undergoing a dialysis procedure.

	Patient
	S.W.
	B.J.
	D.A.
	B.T.

	Gender
	M
	F
	F
	M

	Age (years)
	25
	82
	3
	15

	Weight (kg)
	84
	60
	15
	68

	Height (cm)
	182
	160
	96
	169

	Serum Creatinine (mg/dL) 
	1
	2.5
	1.6
	3


Estimate the creatinine clearance in each of these individuals.

(Ref. No. 4, p 264, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)

Problem 5

The usual dose of gentamicin in patients with normal renal function is 1.0 mg/kg every 8 hours by multiple IV bolus injections. Using the nomogram method, what dose of gentamicin would you recommend for a 55-year-old male patient weighing 72 kg with a creatinine clearance of 20 mL/min?
(Ref. no.9, Ch. 21, Applied Biopharmaceutics & Pharmacokinetics, 5th Edition, Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu)
Problem 6
Three drugs are listed in the following Table together with some of their physical properties and disposition characteristics in 70-kg man.

	Property of characteristic
	Nafcillin 
	Tocainide
	Cyclosporine

	Dose (mg)
	250
	400-600
	350

	Volume of distribution (L)
	25
	210
	245

	Fraction unbound
	0.1
	0.9
	0.06

	Half-life (hr)
	1
	14
	8

	Fraction excreted unchanged
	0.27
	0.14
	< 0.01


A. Indicate the drug(s) for which each of the following statements is probably most applicable:

1. …………..has the highest renal clearance of the three listed.

2. …………..has the lowest total clearance.

B. Circle the most appropriate word (OF THOSE SHOWN IN ITALICS) for the following statement:

1. Cyclosporine is primarily eliminated by metabolism ,renal excretion.

2. Cyclosporine can ,can not be highly bound to plasma proteins.
(Ref. No. 4, Ch. 11, p 182, Clinical Pharmacokinetics Concepts and applications, 3ed edition,1995, M. Rowland and T. T ozer)
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With best wishes….Iman Alfagih
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