Management of acetaminophen and ibuprofen toxicoses in dogs and cats
The molecular toxicology of acetaminophen
**Veterinary toxicology – chapter 28: Toxicity of over-the-counter drugs
[bookmark: _GoBack]KEY POINTS
1. Acetaminophen is metabolized in the liver using 3 main pathways: direct glucuronide conjugation, direct sulfate conjugation and oxidation. Metabolism by phase I (oxidation) processes is relatively minimal but explains toxicity of acetaminophen. Product of oxidation = NAPQI, which is conjugated to reduced glutathione (GSH) = inactive product. Large doses of acetaminophen overwhelm sulfide and glucuronide pathways; more NAPQI is produced.  Another metabolite of acetaminophen is PAP, which is produced by deacylation. PAP is removed by biotransformation through N-acetylation or conjugation with glutathione or sulfation. 
2. NAPQI oxidizes hepatic proteins, resulting in hepatocellular damage (zone 3: centrilobular)
3. PAP may play a more important role in RBC oxidative damage  methemoglobin. Methemoglobin is reversible (methemoglobin reductase: methemoglobin  hemoglobin) though cats and dogs have lower levels of metHb reductase. 
4. CS: pale or brown or cyanotic MM, respiratory distress, hemolysis, anemia, icterus. Prognosis is guarded and survival is improved if treatment is started early. 
5. Tx: emesis (w/in 6h and no contraindication), repeated doses of AC, forced diuresis does not enhance elimination. NAC and/or SAMe. Methemoglobin: methylene blue. Oxygen. +/- transfusion if hemolysis. 



· Analgesic, anti-pyretic, does not have AI properties of NSAIDS
· ALWAYS CI in cats
· 10 mg/kg is enough to cause toxicity (regular aspirin = 325 mg; extra-strength = 500 mg)
· Less ability to metabolize acetaminophen due to glucuronyl transferase deficiency
· In dogs: 10 mg/kg q12h
· 100 mg/kg  toxicity (also reported at a dose of 46 mg/kg)
· <460 mg/kg: likely to recover; > 460 mg/kg: methemoglobinemia (even at 200 mg/kg) and death is possible)
· > 1g/kg: LOC and cyanosis w/in hours, death w/in 12 hours
· Toxicity with one LARGE dose or repeated cumulative dosages
· RAPIDLY absorbed from stomach and SI; peak plasma concentration w/in 4 hours in cats, minimal binding to plasma PT, large Vd
· METABOLISM
· Primarily in the liver
· THREE major pathways
· 1) Direct glucuronide conjugation*****
· 2)Direct sulfate conjugation
· 3)Oxidation (CYP450)
· Immediate phase II conjugation is the primary route for most species and involves sulfate and glucuronide
· Cats only have 1/10 the biotransformation ability of dogs
· Glucuronide pathway is deficient in cats – due to deficient microsomal UDP-glucuronosyltransferase enzyme activity
· Sulfate conjugation is less important in most species but is the most important (though still limited) in cats
· Metabolism by phase I processes is relatively minimal but explains toxicity of acetaminophen
· Product of oxidation = NAPQI
· NAPQI is conjugated to reduced glutathione (GSH) = inactive product
· Large doses of acetaminophen overwhelm sulfide and glucuronide pathways; more NAPQI is produced
· GSH stores become depleted w/in 16-24h after exposure to acetaminophen due to oxidation and decreased production
· Product of deacetylation = PAP (para-aminophenol)
· PAP is conjugated to GSH or acetate (N-acetylation: dogs lack n-acetyltransferase enzyme; cats have limited capacity)
· Implicated in the hematotoxic effects seen in cats/dogs.
· Metabolites mostly excreted in urine; some in the bile
· Rate of elimination is dependent on the species and doses
· Dogs: 100-200 mg/kg = 72 minutes; 500 mg/kg = 210 minutes
· Cats: 20 mg/kg = 36 minutes; 60 mg/kg = 144 minutes; 120 mg/kg = 288 minutes
· Hematotoxic effects
· Unlike most species, RBCs injury is predominant adverse effect in cats
· Also with high doses in dogs (though liver injury predominates)
· Oxidative injury to RBCs  methemoglobin or Heinz body
· Methemoglobinemia
· 30%  CS (cyanosis, not able to carry oxygen)
·  Reversible: enzyme is methemoglobin reductase (cats have less of this enzyme)
· Heinz body
· Irreversible = precipitation of hemoglobin
·  Increased RBC fragility, decreased life span  hemolysis and anemia
· Until recently it was thought that NAPQI was responsible for oxidative damage to RBCs; but RBCs lack the enzyme to metabolize acetaminophen to NAPQI and circulating NAPQI is unlikely to be bioavailable and has only limited capacity to oxidize RBCs. 
· PAP was found to be able to oxidize RBC in vitro
· Cats have EIGHT sulhydryl group on Hb (more prone to oxidative injury)
· Dogs have FOUR
· Humans have TWO
· Hepatotoxic effects
· Predominate in dogs
· Oxidative damage to hepatocytes leads to zone 3 (centrilobular) degeneration and necrosis
· NAPQI binds to mitochondria and to membrane proteins that regulate calcium homeostasis ( increased intracellular calcium)
· Cytoskeletal damage, activation of endonucleases, DNA fragmentation
· Production of superoxide anions
· Endothelial damage is the likely cause of CS such as edema of the face and extremities and hemorrhage
· Possible nephrotoxicity with large doses
· Factors that enhance toxicity
· Depletion of glutathione due to fasting
· Induction of P4502E1 (barbiturates exposure)
· Cimetidine inhibits CYP450 (used for tx of acetaminophen…)
· Clinical signs
· Cats: w/in couple hours of exposure
· Anorexia, vomiting, salivation, diarrhea
· Lethargy
· Methemoglobinemia w/in 4 hours – dose dep
· Cyanosis (at about 30% methemo)
· Pale or dark MM
· Respiratory distress
· Brown blood
· Hemolysis, anemia, icterus, pigmenturia (w/in 48h)
· Edema: face, paws
· Fatal hepatic necrosis possible though often death due to methemoglobinemia
· Dogs: often vomit soon after ingestion
· Nausea, vomiting, abdominal pain, depression w/in 36h
· Mild cases recover w/in 2-3 days, other develop icterus and die w/in 4 d
· Methemoglobinemia if large dose and more likely to cause death than liver failure (usually w/in 12 hours, up to 48)
· Lab
· Methemoglobinemia
· Hemolysis
· Heinz body
· Anemia
· Hyperbilirubinemia
· Elevated ALT (direct or hypoxic injury), ALP, AST
· Prolonged PT/aPTT
· Low cholesterol, low albumin
· Diagnosis and management
· History of exposure
· Plasma, serum, urine (think human hospital) – hours to days… tx if suspectec
· W/in 6 hours (if appropriate and not CI): emesis
· AC with sorbitol – AC repeated due to enterohepatic recirculation
· Sulfur donors to bind NAPQI and increase glutathione production: NAC, SAMe
· Antioxidants to reduce methemoglobin
· NAC
· Source of sulhydryl group for phase II sulfate conjugation
· Source of cysteine for production of glutathione
· Decreases ½ life of methemoglobin from more than 10 hours to 5 hours, prevents anemia (cats)
· Most effective w/in 8 hours of exposure; tx w/in 24 decreases mortality to liver injury can occur
· 140 mg/kg then 70 mg/kg q6h for 48h
· SAMe
· Another sulfate source
· Decreased hemolysis and overall improvement in dogs
· Prevention of methemoglobin production inconsistent in cats
· Lower # of Heinz bodies, higher PCV in cats
· Dogs: 40 mg/kg po then 20 mg/kg SID for 7-9days
· Cats: 180 mg/kg po q12h x 3 days than 90 mg/kg po q12h for 14d
· Sodium sulfate
· Ascorbic acid and methylene blue
· To reduce methemoglobin to hemoglobin
· Vitamin C: non enzymatic, slow acting
· MB: rapid onset, can induce hemolytic anemia
· MB and NAC should not be used concomitantly: severe depletion of glutathione concentrations and increased ½ life of methemoglobin
· Oxygen
· Transfusion
· Cimetidine – as an inhibitor of CYP450 to prevent metabolism of acetaminophen
· Not consistently recommended in people – VERY HIGH doses to inhibit 
· Often studies with cimetidine given BEFORE exposure to acetaminophen
· Prognosis
· More chances to survive if treated early: cats w/in 14 hours
· Dogs less chances to survives if not treated w/in 72h

Ibuprofen
· Inhibition of COX (and therefore production of PG; PG stimulate repair of GI epithelial cells, secretion of bicarbonate, water and electrolyte movement into intestinal cells)
· 50-125 mg/kg: nausea, diarrhea, vomiting, anorexia, GI ulceration, abdominal pain
· 175 mg/kg: renal damage
· 400 mg/kg: CNS – seizures, ataxia, coma
· Cats are TWICE as sensitive then dogs (less glucuronyl-conjugating capacities)
· Ibuprofen decreases secretion of protective mucous layer in stomach and SI, vasoC in gastric mucosa  GI ulceration (especially stomach and duodenum); decrease in renal BF, GFR, tubular ion transport, renin release, and water homeostasis; affect platelet aggregation; may also affect liver (hepatotoxicosis not a common problem)
· CS: anorexia, nausea, vomiting, diarrhea, GI pain, melena, ataxia, PU/PD, weakness, hypotension, seizures, arrhythmias
· In people:
· GI upset w/in 2-6h; GI ulceration/hemorrhage w/in 12h to 4d
· Renal failure w/in 12h; up to 3-5 d post exposure
· In dogs:
· Vomiting soon after; hemorrhage w/in 20-48h
· Dx: history, could measure in serum, urine or hepatic tissue though not widely available
· Tx: to prevent/tx GI ulceration, renal failure, CNS effects, possible liver effects
· Decontamination – emesis, AC
· Control seizures
· Forced diuresis does not promote elimination
· Gastric protection for at least 5-7d: misoprostol (synthetic PGE1 inhibits gastric acid, cytoprotective effect on gastric mucosa, stimulate mucus and bicarbonate, increase gastric BF), +/- sucralfate (= band-aid; cytoprotective by stimulating PGE2 and PGI2)
· +/- H2-blocker or PPI 

Questions
1. Which of the following is the major metabolic pathway for acetaminophen
a. Oxidation
b. Conjugation to glutathione
c. Conjugation to sulfate
d. N-acetylation

2. What is the product of oxidation?
a. NAPQI
b. PAP
c. MAP
d. DAPQI

3. True or False – Methemoglobin is reversible

4. True of False – Heinz bodies are reversible

5. In which zone hepatocellular damage caused by acetaminophen intoxication occurs
a. Zone 1
b. Zone 2
c. Zone 3
d. Zones 1-2-3


Questions & Answers
1. Which of the following is the major metabolic pathway for acetaminophen
a. Oxidation
b. Conjugation to glutathione
c. Conjugation to sulfate
d. N-acetylation

2. What is the product of oxidation?
a. NAPQI
b. PAP
c. MAP
d. DAPQI

3. True or False – Methemoglobin is reversible
Methemoglobin  hemoglobin (methemoglobin reductase)

4. True of False – Heinz bodies are reversible
Irreversible = precipitation of hemoglobin

5. In which zone hepatocellular damage caused by acetaminophen intoxication occurs
a. Zone 1
b. Zone 2
c. Zone 3
d. Zones 1-2-3
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