	Enzyme
	Function 
	SNP
	Inhibition
	Affected ethnicity

	CYP 3A4
	- metabolizes approx. 50% of marketed drugs 
- Rifampin induces CYP3A4

	- 
	- grapefruit juice
 - HIV protease inhibitors 
- antibiotics and antifungals

	· 

	CYP 2D6 
	- metabolizes codeine to morphine
	- UM: significantly increased activity  (multiple copies of gene)
- EM: normal
- IM: reduced 
- PM: almost no
	- selective serotonin inhibitors (SSRIs)
	- Caucasian and African Americans 

	CYP 2C9
	- metabolizes warfarin (anticoag)
	- decreased activity 
- perhaps idiosyncratic reactions
	
	- Caucasian

	CYP 2C19
	- metabolizes clopidogrel (pro drug) to activate as an anticoag!
	
	- omeprazole
	

	CYP 2E1 
	- alcohol induces it
	
	
	

	CYP 1A2
	- BBQ’d food induces it 
	 
	- fluvoxamine 
	

	
	
	
	
	

	TPMT
(cytosolic)
	- phase 2 drug metabolism 
- methyl group from s-adenylmethionine 

	- idiosyncratic 
- decreased activity or low activity – causing bone marrow suppression 
	
	- 

	OATP1B1
(uptake transporter in the liver)
	- metabolizes statins? 
	- Decreased function 
- increase in plasma drug concentration 
- myopathy in patients taking statins
	
	- Asian and Caucasian 

	G6PDH
	- RBC metabolism 
	- red blood cell hemolysis following aspirin or antimalarial drugs  use
	
	- African and Middle Eastern decent 

	NAT2
(cytosolic phase 2)
	- acetylates isoniazid, caffeine and various cancer causing chemicals 
- 

	- rapid  acetylators 
- slow acetylators: neuropathy, hepatotoxicity from toxicity of isoniazid 
     - cancer risk 
	
	

	

UGT1A1
(phase 2 SR)
	

- glucoronidates SN-38 (anti cancer compound) 

	- decrease in acitivty 
- increased risk of diarrhea and bone marrow suppression 
	
	

	rosuvastatin
	
	
	
	- Asian more than caucasian


























Drug-Drug interactions 

	Type 
	Drugs 
	Effect

	

Increased therapeutic effect


Increased adverse effects


Reduced therapeutic effect



Reduced Adverses effects

‘
Generation of a new effect


Absorption – Chelation/binding


Excretion


	Ampicillin: inactivated by bacterial enzymes
+
Sulbactam: inhibitor of bacterial enzyme
	Increased therapeutic effect of ampicillin

	
	Warfarin: anticoagulant
+ 
Aspirin: analgesic that thins blood 
	bleeding (life threatening)  

	
	Clopiodogrel: anticoagulant (produce that requires metabolic activation by CYP2C19)
+ 
Omeprazole: treat stomach ulcers – inhibit clopio metabolism by inhibiting CYP2C19
	Insufficient coagulation due to decrease of activated Clopiodogrel

	
	Morphine: analgesic 
+ 
Naloxone: competitive antagonist 
	Prevent respiratory depression, coma and death from morphine overdose 

	
	Disulfiram: treat chronic alcoholism 
+ 
acetaldehyde: metabolism inhibited by disulfiram 
	Severe hangover (headache, nausea, vomiting), because acetaldehyde cannot go to acetic acid

	
	Digoxin: bile acid drug 
+ 
Cholestyramine: bile acid sequestrant  
	Decreased bile acid (digoxin) absorption

	
	Penicillin: antibiotic
+ 
Probenicid: blocks transporter that moves penicillin into lumen of tubules
	Blood penicillin levels increase

	
Combined toxicity



Food- drug interaction
	Isoniazid:
+
Rifampin:
	hepatotoxicity but tuberculosis treatment

	
	MAO inhibitors: treat depression and inhibit the breakdown of tyramine
+
tyramine: in cheese, yeast, red wine, sauerkraut, cured meat and soy sauce
	Hypertension, tachycardia, nausea, vomiting due to increased epinephrine release

	
	Insulin + exercise 
	Insulin response increased

	
	Pesticides + CYPs
	Induced CYP activity




Saving Stan Marsh

Case 1
· Kyle and Stan diagnosed with Acute Lymphoblastic Anemia (symptoms include anemia, fevers, unexplained bleeding, loss of appetite)
· Doctor induces remission with a steroid then reduce tumour burden with other drug, then maintenance therapy of methotrexate and mercaptopurine
· Both Kyle and Stan are fine after remission and reducing tumour burden but during maintenance, Kyle improves all aspects of symptoms
· Stan however has worse anemia, high fever, severely decreased RBC, infection, unexplained bruising and bleeding, no appetite
· Why did two boys with same symptoms react so differently?
Summary:
· 1) Methotrexate and Mercaptopurine both have overlapping side effects. Some of Methotrexate's include nausea, vomiting, diarrhea, and rashes. Some of Mercaptopurine's side effects include diarrhea, loss of appetite, nausea and tiredness.
· 2) So far, either one of the 2 drugs could be responsible but we should also keep in mind that mercaptopurine worsens anemia usually.
· 3a) Methotrexate uses transporters to get into cell (SNPs here could pose a problem). P-gp could also be playing a role here by kicking the drug out of cell trying to "protect" it. The drug also has a large Vd. Routes of aminstration could be oral, IM or IV.
· 3b) Mercaptopurine is taken orally. It also has a high Vd, which can result in slower excretion. The drug is metabolized by TPMT (SNPs here could pose a problem also). It is excreted renally.
· 4) The 2 boys might be responding differently due to Stan having a TPMT polymorphism that results in decreased metabolizing of Mercaptopurine and thus increasing it's plasma concentrations to possibly toxic levels. The large Vd also plays a role in increasing plasma concentration as it slows down excretion.
· 5) We can perform genotype tests to determine if Stan has a SNP in the TPMT gene
· 6) Dr. Doctor should ideally find an alternative purine antagonist that is not metabolized by TPMT and stop administering mercaptopurine to Stan.
Case study 2

The Summary as follows:
· 1: Tacrolimus is an immunosuppressive drug that decreases the function of lymphocytes. Its often used after organ transplantation or in autoimmune disorders.
· 2: Creatinine is usually cleared by the kidneys, therefore high levels in the blood are indicative of abnormal kidney function.
· 3: Drug-Drug interaction are highly likely in Tracy's case. St John's Wort is of particular interest because it affects the effectiveness of Tacrolimus
· 4:The delay in decreased tacrolimus levels from the time Tracy begins taking St, John's Wort is due to the fact that St. John's Wort induces CYP3A4. The induction essentially causes an increase in CYP3A4 gene transcription and translation--a process that can take days (2-10 as per our notes)
· 5: Tracy should  stop taking St. John's Wort and opt for another drug that does not induce CYP3A4 activity.
· 




Direct Physical Interaction – two or more IV solution, diazepam precipitates therefore should be avoided for direct physical interaction 

Pharmacokinetic
· Absorption 
· Altered pH (antacid/enteric coating)
· Chelation/Binding (Bile acid sequestrant-Cholestyramine, bile acid drug-digoxin)
· Altered Blood Flow (epi/local anesthetic)
· Gut Motility (Laxatives increase, opiate drugs decrease)
· Vomiting 
· Drugs that kill intestinal bacteria (stop enterohepatic recycling of drug)
· Distribution
· Altering pH (sodium bicarbonate increases pH, ammonium chloride decreases pH)sodium bicarbonate and aspirin overdose		
· Protein Binding (when you have two drugs, drug with lower affinity increases toxicity)
· Metabolism
· CYP induction (marijuana and cigarette) 
· Rifampin induces CYP3A4
· Phenobarbital induces many CYPs
· BBQ’d food induces CYP1A2
· Alcohol induces CYP2E1, but severe alcoholism (cirrhosis) decreases CYP activity
· CYP inhibition 
· Grapefruit juice, antibiotics/antifungals, HIV protease inhibitors inhibit CYP3A4
· Omeprazole inhibits CYP2C19
· Selective serotonin reuptake inhibitors inhibit CYP2D6
· Fluvoxamine inhibit CYP1A2
· Excretion 
· Altered Blood Flow 
· NSAIDS cause renal vasoconstriction 
· Beta blockers on heart cause decrease cardiac ouput 
· Overall decrease blood flow to kidney, decrease in excretion 
· Altered pH
· Ion trapping
· Amphetamine(weak base) alone gets reabsorbed but amphetamine + ammonium chloride decreases pH, trapping amphetamine for excretion
· Tubular Secretion
· Proximal Tubule
· Probenecid blocks the penicillin transporter, increasing blood concentration of penicillin and decreasing excretion of it
· Used in war times during lack of supply 
· Pharmacodynamics
· Interaction that occur at same receptor
· Overdose of Morphine, use naloxone because it competitively inhibits it
· Interaction that occur at different receptor
· Morphine and diazepam have the same effect but that have different receptors in the brain
· Both lead to enhanced CNS depression 
· Combined Toxicity
· Isoniazid and rifampin both used to treat TB, both hepatotoxic
· Acetaminophen and alcohol, together are hepatotoxic 
· Food Drug interactions
· Grapefruit juice and CYP3A4
· MAO inhibitors used to treat depression, must avoid foods with tyramine (cheese, yeast, red wine, sauerkraut, cured meat (pepperoni) and soy sauce)
· [bookmark: _GoBack]Tyramine releases norepinephrine, potential fatal crisis (tachycardia, headache, vomiting)  
