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Learning	  Objec0ves	  
The	  learner	  should	  be	  competent	  in:	  	  
1.  Drug	  Metabolism	  and	  Principles	  of	  Drug	  Interac3ons	  

(Pharmaco-‐kine3cs	  &	  -‐dynamics)	  
2.  Impact	  of	  Route	  of	  Drug	  Administra3on	  	  
3.  Gene3c/sex-‐based	  varia3on	  of	  metabolism	  
4.  Reinforcement	  	  
5.  Tolerance	  and	  withdrawal	  
6.  Cross-‐Tolerance	  
7.  Physical	  Dependence	  
8.  Condi3oning	  
9.  Sensi3za3on	  	  
10.  General	  overview	  of	  pharmacotherapy	  for	  drugs	  
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Ques0on	  #1	  

TRUE	  OF	  FALSE?	  
The	  inac3va3on	  of	  a	  drug	  when	  orally	  but	  not	  
when	  parenterally	  administered	  is	  usually	  
called	  first	  pass	  metabolism.	  
	  
TRUE	  
	  

Pharmacokine0cs:	  	  
Where	  do	  drugs	  go	  in	  the	  body	  



!Pharmacology of Addictive Disorders 
Thomas Kosten, MD !

Addiction Medicine: Review Course / September 3-6, 2014 / Anaheim, CA!

Pharmacokine0cs:	  Therapeu0c	  vs	  
Toxic	  dose	  response	  curves	  

Pharmacokine0cs:	  	  
Half-‐life	  and	  Dosing	  interval	  
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Pharmacokine0cs:	  Steady	  State	  

Ques0on	  #2	  
TRUE	  OF	  FALSE?	  
Blocking	  metabolism	  of	  alcohol	  by	  aldehyde	  
dehydrogenase	  leads	  to	  the	  disulfiram	  reac3on.	  
	  
FALSE	  
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Metabolism	  of	  Alcohol:	  Disulfiram	  

Linear	  Alcohol	  Metabolism	  
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Benzodiazepine	  Metabolism	  

Types	  of	  Opiates	  
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Morphine	  Metabolism	  

Clinical	  aspects	  of	  Opiate	  
Pharmacokine0cs	  
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Key	  enzymes	  &	  metabolites	  

•  Alcohol:	  	  acetaldehyde	  (acetaldehyde	  
dehydrogenase	  -‐	  disulfiram)	  

•  Nico3ne:	  	  co3nine	  (CYP2A6)	  
•  Opiates:	  Nor-‐meperidine	  &	  seizure	  ac3vity.	  
–  Fentanyl,	  oxycodone	  &	  SSRI:	  Serotonin	  syndrome	  

•  Cocaine:	  	  cholinesterase,	  cocaethylene	  
•  Marijuana:	  	  tetrahydrocannabinol	  (THC)	  
•  Hallucinogens:	  	  most	  enter	  the	  brain	  rapidly,	  with	  
minimal	  metabolism	  and	  are	  renally	  excreted	  

Pharmaco-‐kine0cs	  vs.	  -‐dynamics	  
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Pharmaco-‐kine0cs	  vs.	  -‐dynamics	  

Pharmacodynamics	  
Opiate	  Analgesia	  (50%	  maximum)	  

Medica0on	  

•  Fentanyl	  
•  Morphine	  
•  Meperidine	  

Brain	  concentra0on	  

•  5	  ng/g	  
•  20	  ng/g	  
•  2000	  ng/g	  
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Pharmacodynamic	  differences	  due	  to	  
Pharmacokine0c	  differences	  

Ques0on	  #3	  
TRUE	  OR	  FALSE?	  
The	  levels	  of	  cocaine	  in	  both	  blood	  and	  brain	  
peak	  about	  10	  3mes	  faster	  when	  smoked	  than	  
when	  used	  intranasally.	  	  
	  
TRUE	  
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Pharmacokine0cs:	  	  	  
Cocaine	  route	  of	  administra0on	  

Route 	   	   	  Peak	   	   	  Dura0on	  

•  IV	  or	  smoked 	   	  30-‐90	  sec 	   	  20	  min	  
•  Nasal 	   	   	  30	  min 	   	  2	  hrs	  
•  Gastrointes3nal 	  60-‐90	  min 	   	  >3	  hrs	  

Pharmacokine0cs:	  	  
Routes	  of	  administra0on	  
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Gender	  Differences	  

•  Alcohol	  blood	  levels	  about	  25%	  higher	  in	  women	  
with	  same	  alcohol	  intake	  

•  Alcoholic	  hypo-‐glycemia	  more	  common	  in	  
women	  

•  Nico3ne	  metabolized	  faster	  in	  women	  &	  even	  
faster	  during	  pregnancy	  (estrogen	  &	  CYP2A6)	  

•  Methadone	  metabolized	  faster	  in	  women	  &	  even	  
faster	  during	  pregnancy	  (estrogen	  &	  CYP2A6)	  

Gender	  Differences:	  ETOH	  Intoxica0on	  
Ini0al	  tolerance	  differences	  disappear	  
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Gene0c	  varia0on	  leads	  to	  complicated	  
connec0ons	  among	  Drugs	  

Pharmacogene0cs:	  	  Why?	  
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Gene0c	  Effects	  on	  Drugs:	  
Pharmaco-‐kine0c	  vs.	  -‐dynamic	  

Pharmacogene0cs:	  Liver	  metabolism	  
CYP	  enzymes	  and	  drug	  levels	  
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Opiate	  Metabolism	  and	  
Pharmacogene0cs	  

Oslin	  DW,	  et	  al.	  Neuropsychopharmacology.	  2003;28(8):1546-‐1552.	  

Pharmacogene0cs:	  Alcohol	  treatment	  
response:	  Naltrexone	  and	  Relapse	  Rate	  	  
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Reinforcement:	  	  NOT	  

Reinforcement	  vs.	  Punishment:	  
Varies	  in	  the	  eyes	  of	  the	  beholder	  
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Reinforcement	  

Reinforcement:	  Light	  vs	  Dark	  sides	  
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Tolerance	  and	  Withdrawal	  

1.	  	  Tolerance	  
a.	  	  increased	  amounts	  needed	  to	  achieve	  the	  

desired	  effect	  	  	  OR	  
b.	  	  diminished	  effect	  w/	  con3nued	  use	  of	  same	  

amount	  	  

2.	  	  Withdrawal	  
a.	  	  characteris3c	  withdrawal	  syndrome	  OR	  
b.	  	  substance	  is	  taken	  to	  avoid	  withdrawal	  
c.	  	  physiological	  withdrawal	  signs	  not	  required	  for	  

dependence	  

Acute	  Tolerance	  to	  Cocaine	  
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Ques0on	  #4	  
TRUE	  OR	  FALSE?	  
Alcohol	  and	  chlordiazepoxide	  are	  cross-‐
tolerant,	  while	  nico3ne	  and	  co3nine	  are	  not	  
cross-‐tolerant.	  
	  
TRUE	  
	  
	  	  

Cross-‐tolerance	  
•  Cross-‐tolerance	  occurs	  when	  someone	  who	  is	  
tolerant	  to	  the	  effects	  of	  a	  certain	  drug	  also	  
develops	  a	  tolerance	  to	  another	  drug.	  	  

•  The	  drugs	  typically	  have	  similar	  func3ons	  or	  
effects	  –	  e.g.	  same	  cell	  receptor.	  	  

•  Cross-‐tolerance:	  an3-‐anxiety	  &	  illicit	  drugs	  
– Benzodiazepines,	  Barbiturates,	  alcohols	  
– Morphine,	  codeine,	  methadone	  
– Amphetamine,	  cocaine	  
– Alcohol	  and	  Cannabis	  or	  nico3ne?	  
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Switching	  opiates	  &	  Cross-‐tolerance	  

Opiate	  type 	   	   	  Oral 	   	  Injected	  

•  Morphine 	   	   	  60	  mg 	  10	  mg	  
•  Codeine	   	   	   	  200	  mg 	  130	  mg	  
•  Hydromorphone 	   	  7.5	  mg 	  1.5	  mg	  
•  Fentanyl	   	   	   	  NA 	   	  0.1	  mg	  

Withdrawal	  and	  Cross-‐tolerance	  

•  Withdrawal	  follows	  from	  physical	  dependence	  
and	  consists	  of	  abs3nence	  symptoms	  that	  occur	  
when	  the	  drug	  is	  discon3nued	  

•  These	  symptoms	  are	  drug	  specific	  ranging	  from	  
poten3ally	  fatal	  in	  alcoholic	  delirium	  tremens	  to	  
“bad	  case	  of	  flu”	  in	  opiates	  to	  few	  physical	  
symptoms	  in	  s3mulants	  

•  Cross-‐tolerance	  is	  important	  for	  treatment	  where	  
Drug	  A	  will	  stop	  withdrawal	  symptoms	  caused	  by	  	  
Drug	  B	  
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Physical	  Dependence	  
Alcohol	  withdrawal	  &	  screening	  scales	  
•  Withdrawal	  ra3ng	  scale	  	  
– Clinical	  Ins3tute	  Withdrawal	  Assessment	  (CIWA)	  

•  Dependence	  
– #	  of	  DSM-‐V	  criteria:	  2=dependence,	  severity	  to	  7	  

•  Screening	  	  
– Not	  for	  severity	  of	  withdrawal	  or	  dependence	  
– Breath	  alcohol	  
– Urine	  alcohol,	  glucuronide	  
– Blood	  carbohydrate	  deficient	  transferrin	  

Physical	  Dependence	  
Opiate	  withdrawal	  &	  screening	  

•  Withdrawal	  ra3ng	  scale	  	  
– Clinical	  Observed	  Withdrawal	  Scale	  (COWS)	  
– Himmelsback	  ra3ng	  scale	  

•  Dependence	  
– #	  of	  DSM-‐V	  criteria:	  2=dependence,	  severity	  to	  7	  
– Naloxone	  challenge	  (IV,	  IM,	  not	  oral)	  

•  Screening	  	  
– Not	  for	  severity	  of	  withdrawal	  or	  dependence	  
– Urine	  opiate	  metabolites:	  five	  classes	  to	  test	  
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Physical	  Dependence	  
Nico0ne	  withdrawal	  &	  screening	  

•  No	  ra3ng	  scale	  for	  nico3ne	  withdrawal	  
•  Nico3ne	  dependence	  
– Fagerstrom	  scale:	  	  Most	  commonly	  used	  measure	  
– #	  of	  DSM-‐V	  criteria:	  2=dependence,	  severity	  up	  to	  7	  	  

•  Nico3ne	  screening	  
– Quan3ty	  &	  frequency	  of	  cigare]es	  or	  nico3ne	  per	  day	  
– Urine,	  blood,	  saliva	  co3nine	  levels	  
– Breath	  carbon	  monoxide	  

Physical	  Dependence	  
Marijuana	  withdrawal	  &	  screening	  

•  Withdrawal	  ra3ng	  scale	  (use	  opiate	  scale)	  
–  Clinician	  Observed	  Withdrawal	  Scale	  (COWS)	  
–  Slow	  onset,	  appears	  mild,	  mostly	  irritability,	  insomnia	  

•  Dependence	  
–  #	  of	  DSM-‐V	  criteria:	  2=dependence,	  severity	  to	  7	  
–  Rimonaband	  (off	  market	  in	  USA),	  not	  naloxone	  

•  Screening	  	  
– Quan3ty	  &	  frequency	  of	  joints	  per	  day	  
– Urine	  cannabinoids	  (THC)	  –	  can	  last	  weeks	  arer	  stopping	  
–  “Spice”	  can	  be	  wide	  variety	  of	  substances	  
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Physical	  Dependence	  
Seda0ves/Benzodiazepines	  

•  Withdrawal	  ra3ng	  scale	  (use	  alcohol	  scale)	  
–  Clinical	  Interview	  Withdrawal	  Assessment	  (CIWA)	  

•  Dependence	  
–  #	  of	  DSM-‐V	  criteria:	  2=dependence,	  severity	  to	  7	  
–  Flumazenil	  (risk	  of	  seizures)	  

•  Screening	  	  
– Not	  for	  severity	  of	  withdrawal	  or	  dependence	  
– Urine	  benzodiazepines	  –	  many	  metabolites	  
–  Barbiturates	  &	  GHB	  -‐	  uncommon	  

Physical	  Dependence	  
S0mulant	  withdrawal	  &	  screening	  

•  Withdrawal	  ra3ng	  scale	  	  
– No	  standardized	  scale,	  see	  DSM-‐V	  criteria	  
–  Few	  physiological	  symptoms,	  mostly	  irritability,	  insomnia	  

•  Dependence	  
–  #	  of	  DSM-‐V	  criteria:	  2=dependence,	  severity	  up	  to	  7	  

•  Screening	  	  
– Quan3ty	  &	  frequency	  of	  “dimes”	  or	  $	  per	  day	  
– Urine	  benzoylecognine	  or	  amphetamine	  metabolites	  
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Physical	  Dependence	  
Hallucinogens	  

•  Withdrawal	  ra3ng	  scale	  	  
– None,	  typically	  rapid	  tolerance	  &	  no	  withdrawal	  

•  Dependence	  
– #	  of	  DSM-‐V	  criteria:	  2=dependence,	  severity	  to	  7	  

•  Screening	  	  
– Quan3ty	  &	  frequency	  of	  pills	  taken	  
– Urine	  metabolites	  –	  LSD,	  PCP,	  ketamine,	  mescaline,	  
many	  others,	  hard	  to	  detect	  due	  to	  very	  low	  levels	  

Condi0oning	  
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Condi0oning	  and	  Tolerance	  

Condi0oning	  and	  Tolerance	  
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Sensi0za0on	  
•  Increased	  locomo3on	  in	  rodents	  arer	  repeated	  
high	  doses	  of	  abused	  drugs	  	  
–  e.g.	  cocaine,	  nico3ne,	  opiates,	  alcohol	  

•  Human	  equivalents?	  
–  Seizures,	  withdrawal,	  panic,	  hyperalgesia	  

•  Cross-‐sensi3za3on	  between	  drugs	  and	  other	  
condi3ons	  like	  stress	  

•  Condi3oned	  drug-‐like	  effect	  to	  environment	  
•  Sensi3zed	  brain	  mechanisms	  may	  control	  
mo3va3on	  for	  drug	  seeking	  in	  addic3ons	  

General	  overview	  of	  
pharmacotherapy	  for	  drugs	  

•  FDA	  approved	  medica3ons	  vs.	  “off	  label”	  use	  
•  Alcohol:	  disulfiram,	  naltrexone,	  acamprosate	  
•  Opiates:	  methadone,	  buprenorphine,	  
naltrexone	  including	  depot	  formula3on	  

•  Nico3ne:	  replacement,	  bupropion,	  varenicline	  
•  “Off	  label”	  	  
– Detoxifica3on	  vs.	  Relapse	  preven3on	  
– Dura3on	  of	  exposure	  to	  agent	  
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Good	  luck	  with	  your	  STUDY	  

I	  could	  not	  cover	  everything,	  
But	  remember	  the	  BOOK	  does!	  

	  
Kosten	  TR	  (Pharmacology	  editor),	  Ries,	  Fiellin,	  Miller,	  
Saitz	  (General	  Editors).	  Principles	  of	  Addic/on	  
Medicine,	  5th	  edi/on.	  Lippinco]	  Williams	  &	  Wilkins,	  
2014.	  Washington,	  DC:	  American	  Society	  of	  	  
Addic3on	  Medicine.	  	  

	  

A	  toast	  to	  your	  exam	  study!	  


