Toxicokinetics Questions:

1. Which of the following factors is likely to result in a higher blood ethanol level, given the same dose on a mg/kg basis?

a. Male gender

b. Patient taking ranitidine

c. Adolescent age

d. Vomiting

e. Co-ingestion of acetaminophen

Answer: ranitidine use decreases the first-pass metabolism of ethanol, resulting in higher blood alcohol levels. [Am J Gastroenterol  2000 Jan; 95(1):208-13]

2. The apparent volume of distribution (Vd) of ethanol is equal to the total body water, suggesting that ethanol freely distributes across cell membranes to equilibrate wherever there is water. The Vd of ethanol is approximately:

a. 0.1 L/kg

b. 0.25 L/kg

c. 0.7 L/kg

d. 7 L/kg 

Answer: (c) the total body water, and the apparent volume of distribution of ethanol, is 0.7 L/kg or about 50 L in a 70 kg human. [Winters: Basic Clinical Pharmacokinetics]

3. If the Vd of phenobarbital is 0.7 L/kg and a 70-kg patient ingests one hundred 30-mg tablets, what is the highest possible drug concentration, assuming rapid and complete absorption?

a. 300 mg/L

b. 60 mcg/mL

c. 43 mg/L

d. 600 mg/dL

Answer: (b) 60 mcg/mL, which is the same as 60 mg/L (units trick). This is obtained by using the formula Cp = dose (F)/Vd, where Cp is the plasma concentration, F is the bioavailability (assumed to be 100% here), and Vd is the volume of distribution. (Vd = 0.7 L/kg x 70 kg = 49 L) [Winters: Basic Clinical Pharmacokinetics]

4. A patient has a steady-state serum  phenytoin level of 20 mg/L. In which one of the following circumstances is the patient more likely to be experiencing symptoms and signs of phenytoin toxicity?

a. The serum globulin is elevated

b. The patient has liver injury with INR 1.5

c. The serum albumin is low

d. The patient is also taking gabapentin

Answer: (c) the reported serum phenytoin level includes both free phenytoin and phenytoin that is bound to albumin. If the serum albumin level is low, then the reported phenytoin level is comprised of a larger fraction of free phenytoin, which is the active portion. [Winters: Basic Clinical Pharmacokinetics]

5. Kinetic values determined during therapeutic dosing often change in an overdose. Which of the following would be most likely to occur in a patient with acute salicylate poisoning?

a. An increased volume of distribution

b. A decreased rate of hepatic metabolism

c. A change from zero-order to first-order kinetics

d. A reduced elimination half-life

Answer: (a) Increased Vd may occur because of saturation of protein binding, leading to increased free levels and resultant increased tissue distribution, which is even more likely to occur if the patient is acidemic. The kinetics may convert from first-order to zero-order as a result of saturation of elimination mechanisms, with a resultant prolongation of half-life. [Donovan JW & Akhtar J: Salicylates, in Clinical Toxicology (Ford et al, Editors, 2001)]

6. Salicylate is a weak acid with a pKa of approximately 3.5. In a patient with salicylate poisoning, what is the proportion of salicylic acid to salicylate if the urine pH is 3.5?

a. 1000:1

b. 1:1000

c. 1:1

d. It is not possible to estimate from the information provided

Answer: (c) The pKa is the pH at which the concentration of the protonated species (salicylic acid, or “HA”) equals the concentration of the non-protonated species (salicylate anion, or “A-”). So the ratio is 1:1. Note, however, that if the pH is raised to 6.5 with urinary alkalinization, the ratio falls according to the equation protonated/nonprotonated = 10pKa-pH, or 103.5-5.5 = 10-2. [Winters: Basic Clinical Pharmacokinetics]

7. A man is brought to the emergency department after an acute overdose of lithium carbonate. One and a half hours later the serum lithium level is 6 mEq/L. However, the patient is asymptomatic. Twelve hours later the level is 1.5 mEq/L and he remains asymptomatic. What explains the rapid drop in the serum level?

a. Buffering by serum albumin

b. The elimination half life is approximately 6 hours

c. He was secretly treated with hemodialysis

d. The distributional half life is approximately 6 hours

Answer: (d) Lithium is rapidly absorbed and occupies an initial volume of distribution of approximately 0.25 L/kg (the extracellular fluid). Over the next several hours to days it is gradually taken up by tissues (at varying rates depending on the tissue) with a distributional half-life of about 6 hours. Ultimately the drug is eliminated more slowly with an elimination half-life of about 24 hours. The patient was asymptomatic despite a high initial level because the drug was not in the tissues yet. [Kinetics Table in Goodman & Gilman; Henry GC: Lithium, in Goldfrank’s Toxicologic Emergencies]

8. A patient with a serum acetaminophen level of 200 mg/L at 4 hours after ingestion has a level of 50 mg/L at 12 hours. At approximately how many hours after ingestion will the level be 12.5 mg/L?

a. 20 hours

b. 16 hours

c. 24 hours

d. 36 hours

Answer: (a) the half-life appears to be 4 hours. So, after 16 hours the level will likely be 25 mg/L, and the level at 20 hours will be approximately 12.5 mg/L.

9. Which of the following best describes a drug eliminated by linear (first-order) kinetics?

a. The amount of drug eliminated per unit time is constant

b. The amount of drug eliminated falls as the blood level increases

c. The amount of drug eliminated rises as the blood level increases

d. The proportion of the drug eliminated per unit time falls as the drug level falls

Answer: (c) In linear or first-order kinetics, the proportion of drug eliminated per unit time remains constant. That means that with higher drug levels, the amount of drug eliminated rises. When elimination mechanisms are saturated, the amount of drug eliminated per unit time becomes constant and the kinetics are no longer linear (on a semi-log plot); they change from first-order to zero-order. [Winters: Basic Clinical Pharmacokinetics]

10. Two 50-kg patients with drug intoxication are comparing notes after they each underwent 3 hours of emergency hemodialysis. Patient A took amitriptyline and boasts that her clearance on dialysis was 200 mL/min. Patient B took theophylline and says his clearance was 200 mL/min, also. Which one of the following statements is true?

a. Hemodialysis removed the same total quantity of drug in each patient

b. The relationship between clearance (Cl) and half-life is expressed as: T1/2 = 0.693Vd/Cl

c. If amitriptyline has a Vd of 8 L/kg and theophylline has a Vd of 0.5 L/kg, then the dialysis procedure removed 16 times more amitriptyline than theophylline

d. The units of clearance are typically reported as mg/min or kg/hr

Answer: (b) The formula demonstrates that half-life is proportional to Vd and inversely proportional to Cl. The amount of drug removed depends on the plasma clearance AND the drug concentration: Cl (mL/min) x drug concentration (mg/mL) = amount (mg/min).


