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Abstract 

	
  

In	
   recent	
   years,	
   the	
   interest	
   in	
   the	
  use	
  of	
  oral	
   fluid	
  as	
  biological	
  matrix	
  has	
   increased	
   significantly,	
  

particularly	
  for	
  detecting	
  driving	
  under	
  the	
  influence	
  of	
  drugs	
  (DUID).	
   In	
  this	
  study,	
  the	
  relationship	
  

between	
   the	
  oral	
   fluid	
  and	
  blood	
  concentrations	
  of	
  drugs	
  of	
  abuse	
   in	
  drivers	
   suspected	
  of	
  DUID	
   is	
  

discussed.	
  Blood	
  and	
  oral	
   fluid	
   samples	
  were	
   collected	
   from	
  drivers	
   suspected	
  of	
  DUID	
  or	
   stopped	
  

during	
   random	
   controls	
   by	
   the	
   police	
   in	
   Belgium,	
  Germany,	
   Finland	
   and	
  Norway	
   for	
   the	
   ROSITA-­‐2	
  

project.	
  The	
  blood	
  samples	
  were	
  analysed	
  by	
  GC-­‐MS	
  or	
  LC-­‐MS,	
  sometimes	
  preceded	
  by	
  immunoassay	
  

screening	
  of	
  blood	
  or	
  urine	
  samples.	
  The	
  oral	
  fluid	
  samples	
  were	
  analysed	
  by	
  GC-­‐MS	
  or	
  LC-­‐MS(/MS).	
  

Scatter	
  plots	
  and	
  trend	
  lines	
  of	
  the	
  blood	
  and	
  oral	
  fluid	
  concentrations	
  as	
  well	
  as	
  the	
  median,	
  mean,	
  

range	
  and	
  standard	
  deviation	
  of	
  the	
  oral	
  fluid/blood	
  (OF/B)	
  ratios	
  were	
  calculated	
  for	
  amphetamines,	
  

benzodiazepines,	
  cocaine,	
  opiates	
  and	
  THC.	
  The	
  ratios	
  found	
  in	
  this	
  study	
  are	
  comparable	
  with	
  those	
  

that	
   were	
   previously	
   published,	
   but	
   the	
   range	
   is	
   wider.	
   The	
   OF/B	
   ratios	
   of	
   basic	
   drugs	
   such	
   as	
  

amphetamines,	
  cocaine	
  and	
  opiates	
  are	
  >	
  1	
  (amphetamine:	
  median	
  [range]	
  13	
  [0.5-­‐182];	
  MDA:	
  4	
  [1-­‐

15];	
  MDMA:	
  6	
   [0.9-­‐88];	
  methamphetamine:	
  5	
   [2-­‐23];	
   cocaine:	
  22	
   [4-­‐119];	
  benzoylecgonine:	
  1	
   [0.2-­‐

11];	
   morphine:	
   2	
   [0.8-­‐6];	
   codeine:	
   10	
   [0.8-­‐39]).	
   The	
   ratios	
   for	
   benzodiazepines	
   were	
   very	
   low,	
   as	
  

could	
   be	
   expected	
   as	
   they	
   are	
   highly	
   protein	
   bound	
   and	
   weakly	
   acidic,	
   leading	
   to	
   low	
   oral	
   fluid	
  

concentrations	
   (diazepam:	
   0.02	
   [0.01-­‐0.15];	
   nordiazepam:	
   0.04	
   [0.01-­‐0.23];	
   oxazepam:	
   0.05	
   [0.03-­‐



0.14];	
  temazepam:	
  0.1	
  [0.06-­‐0.54]).	
  For	
  THC	
  an	
  OF/B	
  ratio	
  of	
  15	
  was	
  found	
  (range	
  [0.01-­‐569]).	
  In	
  this	
  

study	
   the	
   time	
   of	
   last	
   administration,	
   the	
   dose	
   and	
   the	
   route	
   of	
   administration	
   were	
   unknown.	
  

Nevertheless	
  the	
  data	
  reflect	
  the	
  variability	
  of	
  the	
  OF/B	
  ratios	
  in	
  drivers	
  under	
  the	
  influence	
  of	
  drugs.	
  

The	
   wide	
   range	
   of	
   the	
   ratios,	
   however,	
   does	
   not	
   allow	
   reliable	
   calculation	
   of	
   the	
   blood	
  

concentrations	
  from	
  oral	
  fluid	
  concentrations.	
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Introduction 

	
  

Drugs	
   of	
   abuse	
   can	
   be	
   analysed	
   in	
   different	
   biological	
   matrices,	
   and	
   they	
   all	
   have	
   their	
   specific	
  

advantages	
   and	
   disadvantages.	
   The	
   advantages	
   of	
   blood	
   are	
   that	
   usually	
   the	
   unchanged	
   drug	
   is	
  

detectable	
   and	
   that	
   the	
   blood	
   matrix	
   is	
   relatively	
   homogeneous.	
   In	
   cases	
   of	
   driving	
   under	
   the	
  

influence,	
  blood	
  is	
  considered	
  to	
  be	
  the	
  best	
  matrix	
  for	
  confirmation	
  analysis,	
  because	
  the	
  presence	
  

of	
  drugs	
  in	
  blood	
  corresponds	
  best	
  with	
  recent	
  use	
  and	
  impairment1.	
  Difficulties	
  may	
  arise	
  when	
  only	
  

aged	
  or	
  haemolysed	
  blood	
   is	
  available.	
  Other	
  disadvantages	
  are	
   the	
   invasive	
  way	
  of	
   sampling2	
  and	
  

the	
   difficulties	
   encountered	
   in	
   some	
   countries	
   from	
   the	
   legal	
   point	
   of	
   view	
   in	
   obtaining	
   abusers’	
  

blood	
  samples3.	
  	
  

In	
  recent	
  years,	
  the	
  interest	
  in	
  the	
  use	
  of	
  oral	
  fluid	
  as	
  biological	
  matrix	
  has	
  increased	
  significantly,	
  as	
  

this	
  matrix	
  displays	
  some	
  particularly	
  interesting	
  properties.	
  Oral	
  fluid	
  can	
  be	
  obtained	
  easily	
  by	
  non-­‐

medical	
  personnel	
  in	
  a	
  non-­‐invasive	
  and	
  observable	
  way.	
  Other	
  advantages	
  of	
  oral	
  fluid	
  analysis	
  are	
  

less	
   interference	
   caused	
   by	
   endogenous	
   compounds	
   as	
   compared	
   to	
   blood	
   or	
   urine5	
   and	
   the	
  



presence	
  of	
  the	
  parent	
  drug4.	
  On	
  the	
  other	
  hand,	
  the	
  oral	
  cavity	
  can	
  be	
  contaminated	
  by	
  intranasal	
  

and	
   smoked	
   drug	
   use,	
   leading	
   to	
   extremely	
   high	
   concentrations	
   in	
   oral	
   fluid.	
   It	
   is	
   also	
   difficult	
   to	
  

obtain	
  sufficient	
  sample	
  volume	
  for	
  the	
  analysis6,	
  and	
  the	
  concentrations	
  of	
  benzodiazepines	
  in	
  this	
  

matrix	
  are	
  low4.	
  Some	
  correlation	
  between	
  oral	
  fluid	
  drug	
  concentrations	
  and	
  impairment	
  has	
  been	
  

described4,7,8,9,10.	
   In	
   addition,	
   Toennes	
   et	
   al.11	
   demonstrate	
   that	
   oral	
   fluid	
   is	
   superior	
   to	
   urine	
   in	
  

correlating	
  with	
  serum	
  analytical	
  data	
  and	
   impairment	
  symptoms	
  of	
  drivers	
  under	
   the	
   influence	
  of	
  

drugs	
  of	
  abuse.	
  However,	
  there	
  is	
  still	
  some	
  discussion	
  concerning	
  the	
  use	
  of	
  oral	
  fluid	
  to	
  determine	
  

impairment.	
  Drummer12	
  recently	
  states	
  that	
  analysis	
  of	
  blood	
  still	
  enables	
  a	
  better	
  interpretation	
  of	
  

degree	
  of	
  exposure	
  and	
   likely	
  drug	
  effects.	
  Therefore,	
  research	
  concerning	
  the	
  correlation	
  of	
  blood	
  

and	
  oral	
  fluid	
  drug	
  concentrations	
  is	
  of	
  interest.	
  

There	
  exist	
  some	
  similarities	
  between	
  oral	
  fluid	
  and	
  blood/plasma	
  concentrations	
  of	
  drugs	
  of	
  abuse.	
  

The	
  oral	
  fluid	
  concentrations,	
  however,	
  depend	
  on	
  the	
  pH	
  of	
  oral	
  fluid	
  and	
  blood,	
  the	
  protein	
  binding	
  

of	
  the	
  drug	
  and	
  its	
  pKa13.	
  Oral	
  fluid	
  pH	
  in	
  healthy	
  persons	
  is	
  usually	
  between	
  6.2	
  and	
  7.4.	
  For	
  acidic	
  

drugs	
   the	
   equilibrium	
   thus	
   favours	
   blood,	
   hence	
   oral	
   fluid	
   concentrations	
   are	
   lower	
   than	
   blood	
  

concentrations.	
   Other	
   factors	
   that	
   can	
   influence	
   the	
   oral	
   fluid/plasma	
   ratio	
   are	
  molecular	
   weight,	
  

lipid	
   solubility,	
   flow	
   rate	
   of	
   oral	
   fluid,	
   fluctuating	
   arterial-­‐venous	
   differences	
   and	
   elimination	
  

kinetics14.	
  For	
  basic	
  drugs	
  the	
  oral	
  fluid	
  concentrations	
  are	
  higher	
  and,	
  as	
  the	
  pH	
  decreases,	
  a	
  greater	
  

portion	
   of	
   the	
   drug	
   will	
   be	
   ionized	
   and	
   trapped	
   in	
   the	
   oral	
   fluid	
   and	
   consequently	
   the	
   oral	
   fluid	
  

concentration	
  increases.	
  The	
  correlation	
  between	
  drug	
  concentrations	
  in	
  oral	
  fluid	
  and	
  blood	
  is	
  not	
  

only	
  influenced	
  by	
  factors	
  associated	
  with	
  natural	
  variation,	
  but	
  also	
  by	
  methodological	
  aspects	
  such	
  

as	
  contamination	
  and	
  collection	
  of	
  oral	
  fluid.	
  The	
  choice	
  of	
  oral	
  fluid	
  collection	
  device	
  plays	
  a	
  role,	
  as	
  

in	
   vitro	
   experiments	
   have	
   shown	
   that	
   variations	
   exist	
   regarding	
   the	
   mean	
   collection	
   volume,	
   the	
  

percentage	
   of	
   collected	
   volume	
   that	
   can	
   be	
   recovered	
   from	
   the	
   device	
   and	
   the	
   recovery	
   of	
   the	
  

different	
  types	
  of	
  drugs	
  for	
  the	
  different	
  collection	
  devices.	
  It	
   is	
  also	
  known	
  that	
  stimulation	
  of	
  oral	
  

fluid	
  affects	
  oral	
  fluid	
  composition	
  and	
  resulting	
  bicarbonate	
  concentration,	
  which	
  in	
  turn	
  leads	
  to	
  a	
  

reduction	
   in	
   the	
   concentration	
   of	
   basic	
   drugs15.	
   During	
   the	
   absorption	
   phase,	
   the	
   oral	
   fluid	
  



concentrations	
   are	
   mostly	
   higher	
   because	
   of	
   local	
   adsorption	
   to	
   the	
   mucous	
   membranes	
   of	
   the	
  

buccal	
   cavity,	
   leading	
   to	
   contamination	
   of	
   the	
   oral	
   fluid.	
   This	
   absorption	
   effect	
   is	
   highest	
   for	
   THC	
  

because	
   of	
   its	
   lipophilicity	
   and	
   ease	
   of	
   penetration	
   through	
   membranes.	
   Another	
   aspect	
   of	
   the	
  

lipophilicity	
  of	
  THC	
  is	
  that	
  there	
  is	
  very	
  little	
  partitioning	
  of	
  THC	
  between	
  plasma	
  and	
  oral	
  fluid16.	
  	
  

In	
  this	
  article,	
  the	
  relationship	
  between	
  the	
  oral	
  fluid	
  and	
  blood	
  concentrations	
  of	
  drugs	
  of	
  abuse	
  in	
  

drivers	
   suspected	
   of	
   driving	
   under	
   the	
   influence	
   of	
   drugs	
   (DUID)	
   is	
   calculated	
   and	
   discussed.	
   This	
  

study,	
   however,	
   does	
   not	
   give	
   information	
   concerning	
   the	
   correlation	
   between	
   oral	
   fluid	
   drug	
  

concentrations	
   and	
   the	
   degree	
   of	
   impairment,	
   as	
   observations	
   of	
   impairment	
   symptoms	
  by	
   police	
  

and	
  medical	
  officers	
  were	
  not	
  rated	
  and	
  evaluated.	
  

	
  

Materials and methods 

	
  

Sample	
  collection	
  

	
  

Blood	
   and	
   oral	
   fluid	
   samples	
   were	
   collected	
   from	
   drivers	
   suspected	
   of	
   DUID	
   or	
   stopped	
   during	
  

random	
  controls	
  by	
  the	
  police	
  in	
  Belgium,	
  Germany,	
  Finland	
  and	
  Norway	
  for	
  the	
  ROSITA-­‐2	
  project17.	
  

In	
  Norway,	
   samples	
  were	
  also	
  obtained	
   from	
  drug	
  addicts	
   and	
   in	
  Belgium	
   from	
  volunteers,	
  mostly	
  

passengers	
  in	
  the	
  car	
  admitting	
  recent	
  drug	
  use.	
  Sometimes	
  screening	
  of	
  blood	
  or	
  urine	
  samples	
  by	
  

immunological	
  methods	
  preceded	
  the	
  collection	
  of	
  confirmative	
  blood	
  and	
  oral	
  fluid	
  samples.	
  Blood	
  

samples	
  were	
  collected	
  based	
  on	
  the	
  existing	
  legislative	
  systems	
  in	
  de	
  different	
  countries.	
  Oral	
  fluid	
  

samples	
   were	
   collected	
   with	
   Intercept®	
   (OraSure	
   Technologies,	
   Inc.	
   Bethlehem,	
   PA,	
   USA).	
   The	
  

Intercept®	
  collector	
  was	
  used	
  according	
  to	
  the	
  manufacture’s	
  guidelines:	
  the	
  device	
  was	
  kept	
   in	
  the	
  

mouth	
   for	
   3	
  minutes	
   after	
   wiping	
   a	
   few	
   times	
   between	
   the	
   lower	
   teeth	
   and	
   cheeks.	
   The	
   interval	
  

between	
  the	
  collection	
  of	
  oral	
  fluid	
  and	
  whole	
  blood	
  samples	
  was	
  less	
  than	
  one	
  hour	
  in	
  90%	
  of	
  the	
  



collections.	
  More	
  details	
  concerning	
  the	
  collection	
  protocols	
  for	
  each	
  specific	
  country	
  can	
  be	
  found	
  in	
  

several	
  publications11,18,19,20,21	
  .	
  

	
  

Laboratory	
  analysis	
  

	
  

Blood	
   samples	
   were	
   analysed	
   by	
   gas	
   (GC)	
   or	
   liquid	
   (LC)	
   chromatography,	
   coupled	
   to	
   mass	
  

spectrometry	
  (MS).	
  Oral	
  fluid	
  samples	
  were	
  analysed	
  by	
  GC-­‐MS	
  or	
  LC-­‐MS(/MS).	
  The	
  cut-­‐offs	
  used	
  for	
  

the	
   determination	
   of	
   a	
   positive/negative	
   in	
   neat	
   oral	
   fluid	
   or	
   in	
   blood	
   are	
   given	
   in	
   Table	
   1.	
   The	
  

analytical	
  methods	
  are	
  described	
  in	
  the	
  Rosita-­‐2	
  report17	
  and	
  in	
  several	
  scientific	
  publications19,20,22-­‐33.	
  	
  

Inter-­‐laboratory	
  comparison	
  of	
  analytical	
  results	
  was	
  achieved	
  by	
  analysis	
  of	
  3	
  control	
  samples	
  (QC)	
  

consisting	
  of	
  an	
  oral	
  fluid/buffer	
  mixture	
  spiked	
  with	
  benzodiazepines,	
  amphetamine	
  and	
  structural	
  

analogues,	
  cocaine,	
  THC	
  and	
  their	
  metabolites,	
  as	
  well	
  as	
  morphine,	
  methadone	
  and	
  codeine	
  (Table	
  

2).	
  	
  

	
  

Data	
  analysis	
  

	
  

Calculations	
  were	
  made	
  in	
  Microsoft	
  Excel	
  and	
  MedCalc	
  Software	
  (Broekstraat	
  52,	
  9030	
  Mariakerke,	
  

Belgium).	
   The	
   Passing	
   &	
   Bablok	
   method	
   was	
   used	
   for	
   the	
   calculations	
   of	
   the	
   trendlines,	
   a	
   linear	
  

regression	
  procedure	
  with	
  no	
  special	
  assumptions	
  regarding	
  the	
  distribution	
  of	
  the	
  samples	
  and	
  the	
  

measurement	
   errors.	
   Linearity	
   was	
   evaluated	
   by	
   means	
   of	
   the	
   Cusum	
   test	
   for	
   linearity.	
   When	
  

calculations	
  were	
  made	
  for	
  the	
  sum	
  of	
  substances,	
  the	
  molar	
  concentrations	
  were	
  used.	
  



Outlier	
  analysis	
  was	
  performed	
  with	
  WinSTAT®.	
  All	
  data	
  for	
  which	
  either	
  the	
  distance	
  of	
  the	
  mean	
  is	
  

greater	
   than	
   four	
   times	
   the	
  standard	
  deviation	
  of	
   the	
  variable	
  or	
   the	
  probability	
  of	
   finding	
  at	
   least	
  

one	
   value	
   at	
   this	
   distance	
   from	
   the	
  mean	
   in	
   a	
   normally-­‐distributed	
   sample	
   is	
   less	
   than	
   0.05	
  were	
  

considered	
  as	
  outliers.	
  	
  

For	
  the	
  calculation	
  of	
  the	
  scatter	
  plots	
  and	
  trend	
  lines,	
  only	
  the	
  data	
  from	
  individuals	
  for	
  whom	
  the	
  

concentration	
  of	
   the	
  particular	
  drug	
   in	
  blood	
  or	
   in	
  oral	
   fluid	
  or	
   in	
  both	
  matrices	
  was	
  positive	
  were	
  

used.	
  For	
  the	
  calculation	
  of	
  the	
  median,	
  mean,	
  range	
  and	
  standard	
  deviation	
  of	
  the	
  oral	
  fluid/blood	
  

(OF/B)	
   ratios	
  only	
  data	
   from	
   individuals	
   for	
  whom	
  the	
  concentration	
   in	
  blood	
  and	
   in	
  oral	
   fluid	
  was	
  

positive	
  for	
  the	
  particular	
  drug	
  were	
  used.	
  

	
  

Results 

	
  

Relationship between blood and oral fluid concentrations 

	
  

The	
  scatter	
  plots	
  and	
  trend	
  lines	
  of	
  the	
  relationship	
  between	
  the	
  blood	
  and	
  oral	
  fluid	
  concentrations	
  

of	
   the	
  amphetamines,	
  benzodiazepines,	
   THC,	
   cocaine	
   (and	
  benzoylecgonine)	
  and	
  opiates	
  are	
  given	
  

respectively	
   in	
   Figure	
   1	
   to	
   5.	
   There	
   were	
   an	
   insufficient	
   number	
   of	
   data	
   points	
   for	
  

methamphetamine,	
   MDEA,	
   clonazepam,	
   temazepam	
   and	
   lorazepam	
   for	
   these	
   calculations.	
   The	
  

Cusum	
   test	
   for	
   linearity	
   resulted	
   in	
   a	
   p-­‐value	
   <0.05	
   for	
   almost	
   all	
   substances.	
   The	
   test	
   showed	
  no	
  

significant	
   deviation	
   from	
   linearity	
   for	
   the	
   following	
   substances:	
   the	
   sum	
   of	
   the	
   benzodiazepines,	
  

nordiazepam,	
  cocaine,	
  BZE	
  and	
  the	
  sum	
  of	
  cocaine	
  and	
  benzoylecgonine.	
   In	
  addition,	
  a	
  scatter	
  plot	
  

showing	
   the	
   linear	
   relationship	
  between	
   serum	
   log[THC]	
  and	
  oral	
   fluid	
   log[THC]	
  of	
   the	
  data	
   in	
   this	
  

study	
   is	
  given	
   in	
  Figure	
  6.	
   	
   In	
  Table	
  3	
  the	
  median,	
  mean,	
  range	
  and	
  standard	
  deviation	
  of	
  the	
  OF/B	
  

ratios	
  and	
  number	
  of	
  outliers	
  of	
  the	
  different	
  types	
  of	
  drugs	
  of	
  abuse	
  are	
  shown.	
  	
  



Time interval 

	
  

The	
  influence	
  of	
  the	
  time	
  interval	
  between	
  oral	
  fluid	
  and	
  blood	
  sampling	
  on	
  the	
  OF/B	
  ratio	
  of	
  THC	
  is	
  

presented	
  in	
  Figure	
  7.	
  These	
  data	
  show	
  that	
  the	
  time	
  interval	
  between	
  blood	
  and	
  oral	
  fluid	
  sampling	
  

has	
   an	
   influence	
   on	
   the	
   ratio	
   for	
   THC.	
   As	
   could	
   be	
   expected,	
   the	
   ratio	
   increases	
   as	
   the	
   blood	
   is	
  

sampled	
  later	
  and	
  the	
  oral	
  fluid	
  earlier.	
  This	
  trend	
  was	
  however	
  not	
  statistically	
  significant	
  (p	
  =	
  0.15).	
  	
  

	
  	
  

Discussion 

According	
  to	
  the	
  Cusum	
  test,	
   the	
  presented	
  data	
  show	
  a	
  slight	
  correlation	
  between	
  the	
  serum	
  and	
  

oral	
   fluid	
   drug	
   concentrations	
   for	
   the	
   sum	
   of	
   benzodiazepines,	
   nordiazepam,	
   cocaine,	
  

benzoylecgonine,	
   as	
   well	
   as	
   the	
   sum	
   of	
   cocaine	
   and	
   its	
   metabolite.	
   	
   In	
   Fig.	
   6,	
   the	
   conclusion	
   of	
  

Ramaekers	
  et	
  al.34	
  that	
  log[THC]	
  levels	
  in	
  serum	
  and	
  oral	
  fluid	
  are	
  correlated	
  is	
  confirmed.	
  However,	
  

the	
   correlation	
   found	
   in	
   this	
   study	
   is	
   less	
   strong	
   than	
   the	
   correlation	
   found	
   by	
   Ramaekers	
   et	
   al.	
  

(R2=0.21	
  compared	
  to	
  R2=0.84)34.	
  The	
  difference	
  is	
  probably	
  partially	
  due	
  to	
  the	
  fact	
  that	
  Ramaekers	
  

et	
  al.34	
  studied	
  serum	
  and	
  oral	
  fluid	
  THC	
  levels	
  in	
  subjects	
  after	
  controlled	
  administration	
  of	
  the	
  drug,	
  

while	
   in	
   this	
   study	
   there	
   was	
   a	
   wide	
   variation	
   in	
   dose,	
   route	
   of	
   administration	
   and	
   time	
   interval	
  

between	
  use	
  and	
  sampling.	
  	
  

The	
  OF/B	
  ratios	
  found	
  in	
  this	
  article	
  are	
  comparable	
  with	
  those	
  that	
  were	
  previously	
  published	
  (Table	
  

4),	
  but	
  the	
  range	
  is	
  wider.	
  When	
  comparing	
  the	
  results,	
  a	
  distinction	
  should	
  be	
  made	
  between	
  OF/B	
  

and	
  oral	
  fluid/plasma	
  ratios.	
  Drug	
  blood	
  concentrations	
  can	
  differ	
  from	
  plasma	
  concentrations	
  due	
  to	
  

binding	
   onto	
   red	
   blood	
   cell	
  membranes	
   or	
   storage	
   in	
   red	
   blood	
   cell	
   cytoplasm,	
   depending	
   on	
   the	
  

drugs	
   protein	
   binding	
   and	
   its	
   structural	
   characteristics.	
   The	
  wider	
   range	
   could	
   partially	
   be	
   due	
   to	
  

analytical	
  inter-­‐laboratory	
  variations	
  as	
  observed	
  in	
  Table	
  2.	
  However,	
  the	
  variations	
  observed	
  during	
  

the	
   ROSITA	
   study	
   are	
   comparable	
   to	
   the	
   ones	
   described	
   by	
   Clarke	
   and	
   Wilson35	
   evaluating	
   a	
  



proficiency	
   testing	
   of	
   drugs	
   in	
   oral	
   fluid.	
   Moreover,	
   the	
   experimental	
   set-­‐up	
   could	
   also	
   lead	
   to	
  

variation,	
  as	
  not	
  all	
   laboratories	
  determined	
   the	
  exact	
  oral	
   fluid	
   sample	
  volume	
  obtained	
   from	
  the	
  

Intercept	
   devices,	
   leading	
   to	
   semi-­‐quantitative	
   results.	
   Again,	
   the	
   more	
   variable	
   time	
   of	
   last	
  

administration,	
  the	
  differences	
  in	
  dose	
  and	
  route	
  of	
  administration	
  will	
  also	
  result	
  in	
  a	
  wider	
  range	
  as	
  

compared	
   to	
   experimental	
   studies.	
   These	
   are	
   limitations	
   of	
   the	
   presented	
   study;	
   however,	
   the	
  

presented	
  results	
  demonstrate	
  the	
  reality	
  of	
  roadside-­‐testing.	
  

The	
  oral	
   fluid	
   concentrations	
   of	
   basic	
   drugs	
   such	
   as	
   amphetamines,	
   cocaine	
   and	
   some	
  opioids	
   are	
  

higher	
   than	
   those	
   in	
   blood.	
   The	
   ratios	
   for	
   benzodiazepines	
  were	
   very	
   low	
   as	
   result	
   of	
   their	
   highly	
  

protein	
  bound	
  and	
  weakly	
  acidic	
  characteristics,	
  leading	
  to	
  low	
  oral	
  fluid	
  concentrations.	
  For	
  THC,	
  the	
  

median	
  OF/B	
  ratio	
  was	
  15.4	
  in	
  this	
  study.	
  When	
  taken	
  into	
  consideration	
  that	
  the	
  blood/plasma	
  ratio	
  

of	
   THC	
   is	
   0.5536,	
   it	
   can	
   be	
   estimated	
   that	
   the	
   oral	
   fluid/plasma	
   ratio	
   of	
   the	
   subjects	
   in	
   this	
   article	
  

would	
  be	
  about	
  8.5.	
  This	
  ratio	
  is	
  higher	
  than	
  the	
  ratios	
  reported	
  by	
  Samyn	
  and	
  van	
  Haeren37	
  and	
  by	
  

Huestis	
  and	
  Cone38.	
  Samyn	
  and	
  van	
  Haeren37,	
  however,	
  mention	
  that	
  the	
  stability	
  of	
  THC	
  in	
  their	
  oral	
  

fluid	
  samples	
  stored	
  at	
   -­‐18°C	
   in	
  a	
  plastic	
   tube	
  and	
  not	
  centrifuged	
  before	
  storage	
  was	
  poor.	
  Lower	
  

oral	
   fluid	
   concentrations	
   in	
   the	
   study	
   by	
   Huestis	
   and	
   Cone38	
   could	
   partially	
   be	
   explained	
   by	
   the	
  

collection	
  of	
  oral	
   fluid	
  under	
  stimulated	
  conditions.	
  The	
  ratios	
   found	
  by	
  Kauert	
  et	
  al.39	
  were	
  higher	
  

than	
  the	
  ratio	
  in	
  this	
  article,	
  while	
  the	
  oral	
  fluid	
  was	
  also	
  collected	
  under	
  non-­‐stimulated	
  conditions	
  

(Intercept®).	
  However,	
  in	
  our	
  study	
  there	
  was	
  a	
  large	
  variation	
  of	
  OF/B	
  THC	
  ratios,	
  which	
  ranged	
  from	
  

0.01	
   to	
   568.91.	
   In	
   addition,	
   differences	
   in	
   experimental	
   setup	
   between	
   the	
   controlled	
   study	
  

performed	
  by	
  Kauert	
  et	
  al.	
  and	
  the	
  ROSITA	
  study,	
  such	
  as	
  time	
  interval	
  between	
  oral	
  fluid	
  and	
  blood	
  

collection	
   as	
   demonstrated	
   in	
   Figure	
   7,	
   can	
   have	
   an	
   influence	
   on	
   the	
   ratios.	
   Although	
   the	
   trend	
  

between	
   time	
   interval	
   of	
   oral	
   fluid	
   and	
   blood	
   collection	
   and	
   the	
   OF/B	
   ratio	
   was	
   not	
   statistically	
  

significant	
   (Fig.	
   7),	
   it	
   should	
   be	
   studied	
   more	
   carefully	
   in	
   the	
   future,	
   especially	
   concerning	
   the	
  

influence	
   of	
   time	
   of	
   drug	
   intake.	
   Implementation	
   of	
   more	
   standardised	
   research	
   protocols	
   will	
  

hopefully	
  lead	
  to	
  less	
  variation	
  of	
  the	
  results	
  and	
  yield	
  more	
  precise	
  OF/B	
  ratios.	
  	
  



 

Conclusion 

	
  

The	
  wide	
   range	
  of	
   the	
   ratios	
   for	
   the	
   different	
   drugs	
   of	
   abuse	
   in	
   this	
   study	
   does	
   not	
   allow	
   reliable	
  

calculation	
  of	
   the	
  blood	
  concentrations	
   from	
  oral	
   fluid	
  concentrations.	
   Limitations	
  of	
   this	
  study	
  are	
  

the	
  unknown	
  time	
  of	
  last	
  administration,	
  dose	
  and	
  route	
  of	
  administration,	
  as	
  well	
  as	
  the	
  unknown	
  

exact	
  oral	
  fluid	
  sample	
  volume	
  obtained	
  from	
  the	
  Intercept	
  devices.	
  These	
  limitations	
  together	
  with	
  

the	
  inter-­‐laboratory	
  analytical	
  variation	
  result	
  in	
  a	
  wider	
  range	
  of	
  OF/B	
  ratios	
  compared	
  to	
  published	
  

experimental	
   studies.	
   Nevertheless	
   these	
   data	
   reflect	
   the	
   realistic	
   variability	
   of	
   the	
   OF/B	
   ratios	
   in	
  

drivers	
  under	
  the	
  influence	
  of	
  drugs.	
  

	
  

 



	
  Reference	
  list	
  

	
  

	
  

	
   1.	
  	
   Raes	
  E,	
  Verstraete	
  A,	
  Wennig	
  R.	
  Chapter	
  19	
  Drugs	
  and	
  driving.	
  In:	
  Bogusz	
  MJ,	
  ed.	
  Handbook	
  of	
  

Analytical	
  Separations.	
  Forensic	
  Science.	
  Amsterdam:	
  Elsevier	
  Science	
  B.V.,	
  2007:	
  611-­‐651.	
  

	
  

	
   2.	
  	
   Moeller	
  MR,	
  Kraemer	
  T.	
  Drugs	
  of	
  abuse	
  monitoring	
   in	
  blood	
   for	
   control	
  of	
  driving	
  under	
   the	
  

influence	
  of	
  drugs.	
  Ther	
  Drug	
  Monit.	
  2002;	
  24(2):210-­‐221.	
  

	
   3.	
  	
   Nakashima	
  K.	
  High-­‐performance	
   liquid	
  chromatographic	
  analysis	
  of	
  drugs	
  of	
  abuse	
   in	
  biologic	
  

samples.	
  J	
  Health	
  Sci.	
  2005;	
  51(3):272-­‐277.	
  

	
   4.	
  	
   Walsh	
   JM,	
   de	
   Gier	
   JJ,	
   Christopherson	
   AS,	
   et	
   al.	
   Drugs	
   and	
   driving.	
   Traffic	
   Inj	
   Prev.	
   2004;	
  

5(3):241-­‐253.	
  

	
   5.	
  	
   Kintz	
   P,	
   Samyn	
  N,	
   Verstraete	
   A.	
   Les	
   prélèvements	
   biologiques	
   et	
   techniques	
   analytiques.	
   In:	
  

Mura	
   P,	
   ed.	
   Alcool,	
   médicaments,	
   stupéfiants	
   et	
   conduite	
   automobile.	
   Paris:	
   Elsevier,	
   1999:	
  

143-­‐169.	
  

	
   6.	
  	
   Verstraete	
   AG.	
   Oral	
   fluid	
   testing	
   for	
   driving	
   under	
   the	
   influence	
   of	
   drugs:	
   history,	
   recent	
  

progress	
  and	
  remaining	
  challenges.	
  Forensic	
  Sci	
  Int.	
  2005;	
  150(2-­‐3):143-­‐150.	
  

	
  	
  	
  7.	
  	
  Cone	
  EJ.	
  Testing	
  human	
  hair	
  for	
  drugs	
  of	
  abuse.	
  I.	
  Individual	
  dose	
  and	
  time	
  profiles	
  of	
  morphine	
  

and	
  codeine	
  in	
  plasma,	
  saliva,	
  urine	
  and	
  beard	
  compared	
  to	
  drug-­‐induced	
  effects	
  on	
  pupils	
  and	
  

behaviour.	
  J	
  Anal	
  Toxicol.	
  1990;	
  14	
  (1):	
  1-­‐7	
  

	
  	
  	
  8.	
  	
  Cone	
  EJ,	
  Kumor	
  K,	
  Thompson	
  LK,	
  et	
  al.	
  Correlation	
  of	
  saliva	
  cocaine	
  levels	
  with	
  plasma	
  levels	
  and	
  

with	
  pharmacologic	
  effects	
  after	
  intravenous	
  cocaine	
  administration	
  in	
  human	
  subjects.	
  J	
  Anal	
  

Toxicol.	
  1988;	
  12	
  (4):200-­‐206	
  



	
  	
  	
  	
  9.	
   	
  Cone	
  EJ,	
  Oyler	
  JM,	
  Darwin	
  WD.	
  Cocaine	
  disposition	
   in	
  saliva	
  following	
   intravenous,	
   intranasal,	
  

and	
  smoked	
  administration.	
  J.	
  Anal	
  Toxicol.	
  1997;	
  21	
  (6):	
  465-­‐475	
  

	
  	
  	
  	
  10.	
  Menkes	
  DB,	
  Howard	
  RC,	
  Spears	
  GFS,	
  et	
  al.	
  Salivary	
  THC	
  following	
  cannabis	
  smoking	
  correlates	
  

with	
  subjective	
  intoxication	
  and	
  heart	
  rate.	
  Psychopharmacology.	
  1991;	
  103	
  (2):	
  277-­‐279	
  

	
  	
  	
  11.	
  Toennes	
  SW,	
  Kauert	
  GF,	
  Steinmeyer	
  S,	
  et	
  al.	
  Driving	
  under	
  the	
  influence	
  of	
  drugs	
  -­‐	
  Evaluation	
  of	
  

analytical	
   data	
   of	
   drugs	
   in	
   oral	
   fluid,	
   serum	
   and	
   urine,	
   and	
   correlation	
   with	
   impairment	
  

symptoms.	
  Forensic	
  Sci	
  Int.	
  2005;	
  152(2-­‐3):149-­‐155.	
  

	
  	
  	
  12.	
   Drummer	
   OH.	
   Introduction	
   and	
   review	
   of	
   collection	
   techniques	
   and	
   applications	
   of	
   drug	
  	
  	
  

testing	
  of	
  oral	
  fluid.	
  Ther	
  Drug	
  Monit,	
  2008;	
  30	
  (2):	
  203-­‐206	
  

	
   13.	
  	
   Drummer	
  OH.	
  Drug	
  testing	
  in	
  oral	
  fluid.	
  Clin	
  Biochem	
  Rev.	
  2006;	
  27(3):147-­‐159.	
  

	
   14.	
  	
   Haeckel	
   R.	
   Factors	
   Influencing	
   the	
   Saliva	
   Plasma	
   Ratio	
   of	
   Drugs.	
   Ann	
   N	
   Y	
   Acad	
   Sci.	
   1993;	
  

694:128-­‐142.	
  

	
   15.	
  	
   Crouch	
   DJ.	
   Oral	
   fluid	
   collection:	
   The	
   neglected	
   variable	
   in	
   oral	
   fluid	
   testing.	
   Forensic	
   Sci	
   Int.	
  

2005;	
  150(2-­‐3):165-­‐173.	
  

	
   16.	
  	
   Drummer	
   OH.	
   Review:	
   Pharmacokinetics	
   of	
   illicit	
   drugs	
   in	
   oral	
   fluid.	
   Forensic	
   Sci	
   Int.	
   2005;	
  

150(2-­‐3):133-­‐142.	
  

	
   17.	
  	
   Verstraete	
  AG,	
  Raes	
  E.	
  Rosita-­‐2	
  project:	
  Final	
  Report.	
  Ghent,	
  Belgium:	
  Academia	
  Press;	
  2006.	
  

	
  

18.	
  	
  Pehrsson	
  A,	
  Gunnar	
  T,	
  Engblom	
  C,	
  et	
  al.	
  Roadside	
  oral	
  fluid	
  testing:	
  Comparison	
  of	
  the	
  	
  	
  	
  	
  	
  	
  	
  results	
  

of	
  Drugwipe	
  5	
  and	
  Drugwipe	
  benzodiazepines	
  on-­‐site	
  tests	
  with	
  laboratory	
  confirmation	
  results	
  

of	
  oral	
  fluid	
  and	
  whole	
  blood.	
  Forensic	
  Sci	
  Int.	
  2008;	
  175:	
  140-­‐148)	
  	
  



	
  

19.	
   Laloup	
   M,	
   Fernandez	
   MDR,	
   Wood	
   M,	
   et	
   al.	
   Correlation	
   of	
   Delta	
   9-­‐tetrahydrocannabinol	
  

concentrations	
   determined	
  by	
   LC-­‐MS-­‐MS	
   in	
   oral	
   fluid	
   and	
  plasma	
   from	
   impaired	
   drivers	
   and	
  

evaluation	
  of	
  the	
  on-­‐site	
  Dräger	
  DrugTest	
  (R).	
  Forensic	
  Sci	
  Int.	
  2006;	
  161(2-­‐3):175-­‐179.	
  

	
  	
  20.	
  	
   Oiestad	
   EL,	
   Johansen	
   U,	
   Christophersen	
   AS.	
   Drug	
   screening	
   of	
   preserved	
   oral	
   fluid	
   by	
   liquid	
  

chromatography-­‐tandem	
  mass	
  spectrometry.	
  Clin	
  Chem.	
  2007;	
  53(2):300-­‐309.	
  

	
  	
  21.	
   Christophersen	
   AS,	
   Morland	
   J.	
   Frequent	
   detection	
   of	
   benzodiazepines	
   in	
   drugged	
   drivers	
   in	
  

Norway.	
  Traffic	
  Inj	
  Prev.	
  2008	
  9(2):	
  98-­‐104.	
  

	
   22.	
  	
   Gjerde	
   H,	
   Fongen	
   U,	
   Gundersen	
   H,	
   et	
   al.	
   Evaluation	
   of	
   A	
   Method	
   for	
   Simultaneous	
  

Quantification	
   of	
   Codeine,	
   Ethylmorphine	
   and	
   Morphine	
   in	
   Blood.	
   Forensic	
   Sci	
   Int.	
   1991;	
  

51(1):105-­‐110.	
  

	
   23.	
  	
   Gjerde	
  H,	
  Hasvold	
  I,	
  Pettersen	
  G,	
  et	
  al.	
  Determination	
  of	
  Amphetamine	
  and	
  Methamphetamine	
  

in	
   Blood	
   by	
   Derivatization	
   with	
   Perfluorooctanoyl	
   Chloride	
   and	
   Gas-­‐Chromatography	
   Mass-­‐

Spectrometry.	
  J	
  Anal	
  Toxicol.	
  1993;	
  17(2):65-­‐68.	
  

	
   24.	
  	
   Christophersen	
   AS.	
   Tetrahydrocannabinol	
   stability	
   in	
   whole	
   blood:	
   plastic	
   versus	
   glass	
  

containers.	
  J	
  Anal	
  Toxicol.	
  1986;	
  10(4):129-­‐131.	
  

	
   25.	
  	
   Steinmeyer	
  S,	
  Bregel	
  D,	
  Warth	
  S,	
  et	
  al.	
  Improved	
  and	
  validated	
  method	
  for	
  the	
  determination	
  

of	
  Delta(9)-­‐tetrahydrocannabinol	
   (THC),	
   11-­‐hydroxy-­‐THC	
  and	
  11-­‐nor-­‐9-­‐carboxy-­‐THC	
   in	
   serum,	
  

and	
   in	
  human	
   liver	
  microsomal	
  preparations	
  using	
  gas	
  chromatography-­‐mass	
  spectrometry.	
   J	
  

Chromatogr	
  B	
  Analyt	
  Technol	
  Biomed	
  Life	
  Sci.	
  2002;	
  772(2):239-­‐248.	
  

	
   26.	
  	
   Wang	
  WL,	
   Darwin	
  WD,	
   Cone	
   EJ.	
   Simultaneous	
   Assay	
   of	
   Cocaine,	
   Heroin	
   and	
  Metabolites	
   in	
  

Hair,	
   Plasma,	
   Saliva	
   and	
   Urine	
   by	
   Gas-­‐Chromatography	
  Mass-­‐Spectrometry.	
   J	
   Chromatogr	
   B	
  

Biomed	
  Appl.	
  1994;	
  660(2):279-­‐290.	
  



	
   27.	
   Wood	
   M,	
   Laloup	
   M,	
   Fernandez	
   MDR,	
   et	
   al.	
   Quantitative	
   analysis	
   of	
   multiple	
   illicit	
   drugs	
   in	
  

preserved	
   oral	
   fluid	
   by	
   solid-­‐phase	
   extraction	
   and	
   liquid	
   chromatography-­‐tandem	
   mass	
  

spectrometry.	
  Forensic	
  Sci	
  Int.	
  2005;	
  150(2-­‐3):227-­‐238.	
  

	
   28.	
  	
   Gunnar	
   T,	
   Ariniemi	
   K,	
   Lillsunde	
   P.	
   Fast	
   gas	
   chromatography-­‐negative-­‐ion	
   chemical	
   ionization	
  

mass	
   spectrometry	
   with	
   microscale	
   volume	
   sample	
   preparation	
   for	
   the	
   determination	
   of	
  

benzodiazepines	
   and	
   alpha-­‐hydroxy	
   metabolites,	
   zaleplon	
   and	
   zopiclone	
   in	
   whole	
   blood.	
   J	
  

Mass	
  Spectrom.	
  2006;	
  41(6):741-­‐754.	
  

	
   29.	
  	
   Kankaanpaa	
  A,	
  Gunnar	
  T,	
  Ariniemi	
  K,	
  et	
  al.	
  Single-­‐step	
  procedure	
  for	
  gas	
  chromatography-­‐mass	
  

spectrometry	
   screening	
  and	
  quantitative	
  determination	
  of	
  amphetamine-­‐type	
  stimulants	
  and	
  

related	
   drugs	
   in	
   blood,	
   serum,	
   oral	
   fluid	
   and	
   urine	
   samples.	
   J	
   Chromatogr	
   B	
   Analyt	
   Technol	
  

Biomed	
  Life	
  Sci.	
  2004;	
  810(1):57-­‐68.	
  

	
   30.	
  	
   Gunnar	
   T,	
   Eskola	
   T,	
   Lillsunde	
   P.	
   Fast	
   gas	
   chromatography/mass	
   spectrometric	
   assay	
   for	
   the	
  

validated	
  quantitative	
  determination	
  of	
  methadone	
  and	
  the	
  primary	
  metabolite	
  EDDP	
  in	
  whole	
  

blood.	
  Rapid	
  Commun	
  Mass	
  Spectrom.	
  2006;	
  20(4):673-­‐679.	
  

	
   31.	
  	
   Gunnar	
   T,	
   Ariniemi	
   K,	
   Lillsunde	
   P.	
   Determination	
   of	
   14	
   benzodiazepines	
   and	
   hydroxy	
  

metabolites,	
  zaleplon	
  and	
  zolpidem	
  as	
  tert-­‐butyldimethylsilyl	
  derivatives	
  compared	
  with	
  other	
  

common	
   silylating	
   reagents	
   in	
   whole	
   blood	
   by	
   gas	
   chromatography-­‐mass	
   spectrometry.	
   J	
  

Chromatogr	
  B	
  Analyt	
  Technol	
  Biomed	
  Life	
  Sci.	
  2005;	
  818(2):175-­‐189.	
  

	
   32.	
  	
   Gunnar	
  T,	
  Ariniemi	
  K,	
  Lillsunde	
  P.	
  Validated	
  toxicological	
  determination	
  of	
  30	
  drugs	
  of	
  abuse	
  as	
  

optimized	
   derivatives	
   in	
   oral	
   fluid	
   by	
   long	
   column	
   fast	
   gas	
   chromatography/electron	
   impact	
  

mass	
  spectrometry.	
  J	
  Mass	
  Spectrom.	
  2005;	
  40(6):739-­‐753.	
  

	
   33.	
  	
   Gunnar	
  T,	
  Mykkanen	
  S,	
  Ariniemi	
  K,	
  et	
  al.	
  Validated	
  semiquantitative/quantitative	
  screening	
  of	
  

51	
   drugs	
   in	
   whole	
   blood	
   as	
   silylated	
   derivatives	
   by	
   gas	
   chromatography-­‐selected	
   ion	
  



monitoring	
   mass	
   spectrometry	
   and	
   gas	
   chromatography	
   electron	
   capture	
   detection.	
   J	
  

Chromatogr	
  B	
  Analyt	
  Technol	
  Biomed	
  Life	
  Sci.	
  2004;	
  806(2):205-­‐219.	
  

34.	
  Ramaekers	
  JG,	
  Moeller	
  MR,	
  van	
  Ruitenbeek	
  P,	
  et	
  al.	
  Cognition	
  and	
  motor	
  control	
  as	
  a	
  function	
  of	
  

Delta(9)-­‐THC	
  concentration	
  in	
  serum	
  and	
  oral	
  fluid:	
  Limits	
  of	
  impairment.	
  Drug	
  Alcohol	
  Depend.	
  

2006;	
  85(2):114-­‐122.	
  

35.	
   	
   Clarke	
   J,	
  Wilson	
   JF.	
   Proficiency	
   testing	
   (external	
   quality	
   assessment)	
   of	
   drug	
   detection	
   in	
   oral	
  

fluid;	
  Forensic	
  Sci	
  Int.	
  2005;	
  150:	
  161-­‐164	
  

	
   36.	
  	
   Moffat	
   AC,	
   Osselton	
   MD,	
   Widdop	
   B,	
   et	
   al.	
   Clarke's	
   analysis	
   of	
   drugs	
   and	
   poisons.	
   3rd	
   ed.	
  

London:	
  Pharmaceutical	
  Press;	
  2004.	
  

	
   37.	
  	
   Samyn	
  N,	
  Van	
  Haeren	
  C.	
  On-­‐site	
  testing	
  of	
  saliva	
  and	
  sweat	
  with	
  Drugwipe	
  and	
  determination	
  

of	
  concentrations	
  of	
  drugs	
  of	
  abuse	
  in	
  saliva,	
  plasma	
  and	
  urine	
  of	
  suspected	
  users.	
  Int	
  J	
  Legal	
  

Med.	
  2000;	
  113(3):150-­‐154.	
  

	
   38.	
  	
   Huestis	
  MA,	
  Cone	
  EJ.	
  Relationship	
  of	
  Delta(9)-­‐tetrahydrocannabinol	
  concentrations	
  in	
  oral	
  fluid	
  

and	
   plasma	
   after	
   controlled	
   administration	
   of	
   smoked	
   cannabis.	
   J	
   Anal	
   Toxicol.	
   2004;	
  

28(6):394-­‐399.	
  

	
   39	
  	
   Kauert	
   GF,	
   Ramaekers	
   JG,	
   Schneider	
   E,	
   et	
   al.	
   Pharmacokinetic	
   properties	
   of	
   delta(9)-­‐

tetrahydrocannabinol	
  in	
  serum	
  and	
  oral	
  fluid.	
  J	
  Anal	
  Toxicol.	
  2007;	
  31(5):288-­‐293.	
  

	
   40.	
  	
   Baselt	
   RC.	
   Disposition	
   of	
   Toxic	
   Drugs	
   and	
   Chemicals	
   in	
   man.	
   7th	
   ed.	
   Foster	
   City,	
   California:	
  

Biomedical	
  Publications;	
  2004.	
  

	
   41.	
  	
   Jones	
   AW.	
   Inter-­‐Individual	
   and	
   Intra-­‐Individual	
   Variations	
   in	
   the	
   Saliva-­‐Blood	
   Alcohol	
   Ratio	
  

During	
  Ethanol-­‐Metabolism	
  in	
  Man.	
  Clin	
  Chem.	
  1979;	
  25(8):1394-­‐1398.	
  



	
   42.	
  	
   Wan	
   SH,	
   Matin	
   SB,	
   Azarnoff	
   DL.	
   Kinetics,	
   Salivary	
   Excretion	
   of	
   Amphetamine	
   Isomers,	
   and	
  

Effect	
  of	
  Urinary	
  Ph.	
  Clin	
  Pharmacol	
  Ther.	
  1978;	
  23(5):585-­‐590.	
  

	
   43.	
  	
   Engblom	
  C,	
  Gunnar	
   T,	
   Rantanen	
  A,	
   et	
   al.	
   Driving	
   under	
   the	
   influence	
   of	
   drugs-­‐amphetamine	
  

concentrations	
  in	
  oral	
  fluid	
  and	
  whole	
  blood	
  samples.	
  J	
  Anal	
  Toxicol.	
  2007;	
  31(5):276-­‐280.	
  

	
   44.	
  	
   Cone	
  EJ.	
  Saliva	
  Testing	
  for	
  Drugs	
  of	
  Abuse.	
  Ann	
  N	
  Y	
  Acad	
  Sci.	
  1993;	
  694:91-­‐127.	
  

	
   45.	
  	
   Inaba	
   T,	
   Kalow	
   W.	
   Salivary	
   Excretion	
   of	
   Amobarbital	
   in	
   Man.	
   Clin	
   Pharmacol	
   Ther.	
   1975;	
  

18(5):558-­‐562.	
  

	
   46.	
  	
   Vandergraaff	
   M,	
   Vermeulen	
   NPE,	
   Heij	
   P,	
   et	
   al.	
   Pharmacokinetics	
   of	
   Orally-­‐Administered	
  

Hexobarbital	
   in	
  Plasma	
  and	
  Saliva	
  of	
  Healthy-­‐Subjects.	
  Biopharm	
  Drug	
  Dispos.	
  1986;	
  7(3):265-­‐

272.	
  

	
   47.	
  	
   Inaba	
   T,	
   Kalow	
   W.	
   Salivary	
   Excretion	
   of	
   Amobarbital	
   in	
   Man.	
   Clin	
   Pharmacol	
   Ther.	
   1975;	
  

18(5):558-­‐562.	
  

	
   48.	
  	
   Jufer	
  RA,	
  Wstadik	
  A,	
  Walsh	
  SL,	
  et	
  al.	
  Elimination	
  of	
  cocaine	
  and	
  metabolites	
  in	
  plasma,	
  saliva,	
  

and	
   urine	
   following	
   repeated	
   oral	
   administration	
   to	
   human	
   volunteers.	
   J	
   Anal	
   Toxicol.	
   2000;	
  

24(7):467-­‐477.	
  

	
   49.	
  	
   Cone	
   EJ,	
   Dickerson	
   SL,	
   Darwin	
  WD,	
   et	
   al.	
   Elevated	
   drugs	
   saliva	
   levels	
   suggest	
   a	
   "depot-­‐like"	
  

effect	
  in	
  subjects	
  treated	
  with	
  sublingual	
  buprenorphine.	
  NIDA	
  Res	
  Monogr.	
  1990;	
  105:569.	
  

	
   50.	
  	
   O'Neal	
  CL,	
  Crouch	
  DJ,	
  Rollins	
  DE,	
  et	
  al.	
  Correlation	
  of	
  saliva	
  codeine	
  concentrations	
  with	
  plasma	
  

concentrations	
  after	
  oral	
  codeine	
  administration.	
  J	
  Anal	
  Toxicol.	
  1999;	
  23(6):452-­‐459.	
  

	
   51.	
  	
   Kim	
   I,	
   Barnes	
   AJ,	
   Oyler	
   JM,	
   et	
   al.	
   Plasma	
   and	
   oral	
   fluid	
   pharmacokinetics	
   and	
  

pharmacodynamics	
  after	
  oral	
  codeine	
  administration.	
  Clin	
  Chem.	
  2002;	
  48(9):1486-­‐1496.	
  



	
   52.	
  	
   Thompson	
  LK,	
  Yousefnejad	
  D,	
  Kumor	
  K,	
  et	
  al.	
  Confirmation	
  of	
  Cocaine	
   in	
  Human-­‐Saliva	
  After	
  

Intravenous	
  Use.	
  J	
  Anal	
  Toxicol.	
  1987;	
  11(1):36-­‐38.	
  

	
   53.	
  	
   Cone	
   EJ,	
   Hillsgrove	
   M,	
   Darwin	
   WD.	
   Simultaneous	
   Measurement	
   of	
   Cocaine,	
   Cocaethylene,	
  

Their	
  Metabolites,	
   and	
  Crack	
  Pyrolysis	
   Products	
  by	
  Gas-­‐Chromatography	
  Mass-­‐Spectrometry.	
  

Clin	
  Chem.	
  1994;	
  40(7):1299-­‐1305.	
  

	
   54.	
  	
   de	
   Gier	
   JJ,	
   Thart	
   BJ,	
   Nelemans	
   FA,	
   et	
   al.	
   Psychomotor	
   Performance	
   and	
   Real	
   Driving	
  

Performance	
  of	
  Outpatients	
  Receiving	
  Diazepam.	
  Psychopharmacology.	
  1981;	
  73(4):340-­‐344.	
  

	
   55.	
  	
   Digregorio	
  GJ,	
  Piraino	
  AJ,	
  Ruch	
  E.	
  Diazepam	
  Concentrations	
  in	
  Parotid	
  Saliva,	
  Mixed	
  Saliva,	
  and	
  

Plasma.	
  Clin	
  Pharmacol	
  Ther.	
  1978;	
  24(6):720-­‐725.	
  

	
   56.	
  	
   Abanades	
   S,	
   Farre	
   M,	
   Segura	
   M,	
   et	
   al.	
   Disposition	
   of	
   gamma-­‐hydroxybutyric	
   acid	
   in	
  

conventional	
   and	
   nonconventional	
   biologic	
   fluids	
   after	
   single	
   drug	
   administration:	
   issues	
   in	
  

methodology	
  and	
  drug	
  monitoring.	
  Ther	
  Drug	
  Monit.	
  2007;	
  29(1):64-­‐70.	
  

	
   57.	
  	
   Kintz	
  P,	
  Goulle	
  JP,	
  Cirimele	
  V,	
  et	
  al.	
  Window	
  of	
  detection	
  of	
  gamma-­‐hydroxybutyrate	
  in	
  blood	
  

and	
  saliva.	
  Clin	
  Chem.	
  2001;	
  47(11):2033-­‐2034.	
  

	
   58.	
  	
   Jenkins	
  AJ,	
  Oyler	
  JM,	
  Cone	
  EJ.	
  Comparison	
  of	
  Heroin	
  and	
  Cocaine	
  Concentrations	
  in	
  Saliva	
  with	
  

Concentrations	
  in	
  Blood	
  and	
  Plasma.	
  J	
  Anal	
  Toxicol.	
  1995;	
  19(6):359-­‐374.	
  

	
   59.	
  	
   Navarro	
   M,	
   Pichini	
   S,	
   Farre	
   M,	
   et	
   al.	
   Usefulness	
   of	
   saliva	
   for	
   measurement	
   of	
   3,4-­‐

methylenedioxymethamphetamine	
   and	
   its	
   metabolites:	
   Correlation	
   with	
   plasma	
   drug	
  

concentrations	
  and	
  effect	
  of	
  salivary	
  pH.	
  Clin	
  Chem.	
  2001;	
  47(10):1788-­‐1795.	
  

	
   60.	
  	
   Samyn	
  N,	
  De	
  Boeck	
  G,	
  Wood	
  M,	
  et	
  al.	
  Plasma,	
  oral	
  fluid	
  and	
  sweat	
  wipe	
  ecstasy	
  concentrations	
  

in	
  controlled	
  and	
  real	
  life	
  conditions.	
  Forensic	
  Sci	
  Int.	
  2002;	
  128(1-­‐2):90-­‐97.	
  



	
   61.	
  	
   Kang	
   GI,	
   Abbott	
   FS.	
   Analysis	
   of	
   Methadone	
   and	
   Metabolites	
   in	
   Biological-­‐Fluids	
   with	
   Gas-­‐

Chromatography	
  Mass-­‐Spectrometry.	
  J	
  Chromatogr.	
  1982;	
  231(2):311-­‐319.	
  

	
   62.	
  	
   Wolff	
  K,	
  Hay	
  A,	
  Raistrick	
  D.	
  Methadone	
  in	
  Saliva.	
  Clin	
  Chem.	
  1991;	
  37(7):1297-­‐1298.	
  

	
   63.	
  	
   Chikhi-­‐Chorfi	
  N,	
  Pham-­‐Huy	
  C,	
  Galons	
  H,	
  et	
  al.	
  Rapid	
  determination	
  of	
  methadone	
  and	
  its	
  major	
  

metabolite	
   in	
   biological	
   fluids	
   by	
   gas-­‐liquid	
   chromatography	
   with	
   thermionic	
   detection	
   for	
  

maintenance	
  treatment	
  of	
  opiate	
  addicts.	
  J	
  Chromatogr	
  B.	
  1998;	
  718(2):278-­‐284.	
  

	
   64.	
  	
   Bermejo	
   AM,	
   Lucas	
   ACS,	
   Tabernero	
  MJ.	
   Saliva/plasma	
   ratio	
   of	
  methadone	
   and	
   EDDP.	
   J	
   Anal	
  

Toxicol.	
  2000;	
  24(1):70-­‐72.	
  

	
   65.	
  	
   Schepers	
   RJF,	
   Oyler	
   JM,	
   Joseph	
   RE,	
   et	
   al.	
   Methamphetamine	
   and	
   amphetamine	
  

pharmacokinetics	
   in	
   oral	
   fluid	
   and	
   plasma	
   after	
   controlled	
   oral	
   methamphetamine	
  

administration	
  to	
  human	
  volunteers.	
  Clin	
  Chem.	
  2003;	
  49(1):121-­‐132.	
  

	
   66.	
  	
   Cook	
  CE,	
  Jeffcoat	
  AR,	
  Sadler	
  BM,	
  et	
  al.	
  Pharmacokinetics	
  of	
  Oral	
  Methamphetamine	
  and	
  Effects	
  

of	
  Repeated	
  Daily	
  Dosing	
  in	
  Humans.	
  Drug	
  Metab	
  Dispos.	
  1992;	
  20(6):856-­‐862.	
  

	
   67.	
  	
   Cook	
  CE,	
  Jeffcoat	
  AR,	
  Hill	
  JM,	
  et	
  al.	
  Pharmacokinetics	
  of	
  Methamphetamine	
  Self-­‐Administered	
  

to	
   Human-­‐Subjects	
   by	
   Smoking	
   S-­‐(+)-­‐Methamphetamine	
   Hydrochloride.	
  Drug	
  Metab	
   Dispos.	
  

1993;	
  21(4):717-­‐723.	
  



Table	
  1:	
  Cut-­‐offs	
  used	
  in	
  oral	
  fluid	
  or	
  in	
  blood	
  

Substance	
   Cut-­‐off	
  blood	
  (ng/mL)	
   Cut-­‐off	
  oral	
  fluid	
  (ng/mL)*	
  

Amphetamine	
   20	
   25	
  

Benzoylecgonine	
  (BE)	
   20	
   8	
  

Clonazepam	
   5	
   5	
  

Cocaine	
   20	
   8	
  

Codeine	
   10	
   20	
  

Diazepam	
   50	
   5	
  

Lorazepam	
   10	
   5	
  

MDA	
   20	
   25	
  

MDEA	
   20	
   25	
  

MDMA	
   20	
   25	
  

Methamphetamine	
   20	
   25	
  

Morphine	
   10	
   20	
  

Nordiazepam	
   50	
   5	
  

Oxazepam	
   50	
   5	
  

Temazepam	
   50	
   5	
  

THC	
   1	
   2	
  

*:	
  in	
  neat	
  oral	
  fluid:	
  the	
  Intercept®	
  device	
  contains	
  about	
  800	
  µL	
  of	
  buffer,	
  leading	
  to	
  a	
  dilution	
  of	
  the	
  
collected	
  oral	
  fluid	
  of	
  about	
  1:3.	
  All	
  measured	
  concentrations	
  were	
  thus	
  multiplied	
  by	
  3.	
  

	
  

	
  

	
  

	
  

	
  



	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Table	
  2:	
  Analyte	
  concentrations	
  spiked	
  to	
  oral	
  fluid	
  QC	
  samples	
  for	
  inter-­‐laboratory	
  comparisons	
  and	
  

the	
  range	
  of	
  the	
  coefficients	
  of	
  variation	
  (CV)	
  



Table	
  3:	
  Median,	
  mean,	
  range	
  and	
  standard	
  deviation	
  of	
  the	
  oral	
  fluid/blood	
  ratios	
  and	
  the	
  acid	
  

dissociation	
  constant	
  (pKa)	
  and	
  the	
  number	
  of	
  outliers	
  of	
  the	
  different	
  types	
  of	
  drugs	
  of	
  abuse	
  

Substance	
   pKa	
  (36,40)	
   Median	
   Mean	
   Range	
   N	
   Outliers	
   Standard	
  
deviation	
  

Amphetamines	
  

(µmol/L)	
  

	
   12.07	
   18.20	
   0.27	
  –	
  182.13	
   177	
   10	
  

	
  

22.43	
  

Amphetamine	
  	
   9.9	
   13.43	
   19.01	
   0.47	
  –	
  182.13	
   148	
   9	
   22.85	
  

MDA	
   9.7	
   4.38	
   5.14	
   1.28	
  –	
  14.61	
   22	
   7	
   3.40	
  

MDMA	
   9.4;8.7;8.8	
   5.57	
   10.37	
   0.88	
  –	
  88.19	
   41	
   11	
   15.20	
  

Methamphetamine	
   9.9	
   5.19	
   8.05	
   2.20	
  –	
  23.00	
   6	
   2	
   7.69	
  

Benzodiazepines	
  
(µmol/L)	
  

	
   0.04	
   0.59	
   0.002	
  –	
  19.02	
   48	
   4	
   2.77	
  

Diazepam	
   3.4	
   0.02	
   0.04	
   0.01	
  –	
  0.15	
   21	
   7	
   0.10	
  

Nordiazepam	
   3.5;12.0	
   0.04	
   0.05	
   0.01	
  –	
  0.23	
   22	
   6	
   0.04	
  

Oxazepam	
   1.7;11.6	
   0.05	
   0.07	
   0.03	
  –	
  0.14	
   6	
   6	
   0.04	
  

Temazepam	
   1.3	
   0.10	
   0.18	
   0.06	
  –	
  0.54	
   5	
   4	
   0.20	
  

THC	
   10.6	
   15.37	
   34.08	
   0.01	
  –	
  568.91	
   277	
   10	
   63.41	
  

Cocaine	
  +	
  

benzoylecgonine	
  
(µmol/L)	
  

	
   1.80	
   4.57	
   0.19	
  –	
  78.89	
   40	
   8	
   12.33	
  

Cocaine	
   8.6	
   21.84	
   30.24	
   3.76	
  –	
  119.35	
   18	
   10	
   28.62	
  

Benzoylecgonine	
   	
   0.91	
   1.47	
   0.19	
  –	
  10.62	
   40	
   8	
   1.80	
  

Morphine	
  +	
  codeine	
  

(µmol/L)	
  

	
   7.17	
   7.16	
   0.91	
  –	
  13.36	
   14	
   5	
   4.34	
  

Morphine	
   8.0;9.9	
   2.25	
   2.80	
   0.77	
  –	
  5.70	
   6	
   5	
   1.81	
  

Codeine	
   8.2	
   9.61	
   10.19	
   0.79	
  –	
  39.0	
   13	
   3	
   9.30	
  

	
  



Table	
  4:	
  Oral	
   fluid/blood	
  and	
  oral	
   fluid/plasma	
  ratios	
   for	
   several	
  drugs	
  of	
  abuse	
   found	
   in	
   literature	
  

and	
  median	
  and	
  range	
  of	
  oral	
  fluid/blood	
  ratios	
  found	
  during	
  ROSITA	
  2	
  

ROSITA	
  2:	
  oral	
  fluid/blood	
  
Type	
  of	
  drug	
   Literature:	
  Oral	
  fluid/plasma	
  

Median	
   Range	
  

Alcohol	
  (ethanol)	
   1.08	
  (1.06-­‐1.09)41*	
   	
   	
  

Amphetamine	
   2.842	
  

6.6	
  –	
  20.237	
  

15.3	
  (2.6	
  –	
  210)43	
  

13.4	
   0.5	
  –	
  182.1	
  

Barbiturates	
   0.344-­‐47	
   	
   	
  

Benzoylecgonine	
   0.4	
  (0.3-­‐0.5)48	
  

0.6	
  –	
  1.337	
  

0.9	
   0.2	
  –	
  10.6	
  

Buprenorphine	
   IM:	
  0.1	
  –	
  0.4;	
  SL:	
  >149	
   	
   	
  

Codeine	
   3.7	
  (±0.3)50	
  

4.0	
  (±0.5)51	
  

7.5	
  –	
  43.737	
  

9.6	
   0.8	
  –	
  39.0	
  

Cocaine	
   0.552	
  

353	
  

8.7	
  (3.8-­‐13.2)48	
  

15	
  –	
  3637	
  

21.8	
   3.8	
  –	
  119.4	
  

Diazepam	
   0.01-­‐0.0254,55	
   0.02	
   0.01	
  –	
  0.15	
  

GHB	
   0.2	
  –	
  0.556	
  

<157*	
  

	
   	
  

Heroin	
   IV:	
  0	
  –	
  1.958*	
  

smoking:	
  0	
  –	
  78458*	
  

	
   	
  

MDMA	
   6.4-­‐18.159	
  

0.8	
  –	
  22.460	
  

5.6	
   0.9	
  –	
  88.2	
  



1.0	
  –	
  16.537	
  

Methadone	
   0.5	
  (±0.1)61	
  

1.362	
  

1.5	
  -­‐	
  1.7	
  (oral	
  fluid/serum)63	
  

0.6	
  –	
  7.264	
  

	
   	
  

Methamphetamine	
   Oral:	
  2.0	
  (0.0-­‐23.0)65	
  

7.8	
  (±0.5)66	
  

IV:	
  667	
  

smoking:	
  5.167	
  

5.2	
   2.2	
  –	
  23	
  

Morphine	
   4.0	
  –	
  154.237	
  

IV:	
  0	
  –	
  1.858*	
  

smoking:	
  0	
  –	
  2958*	
  

2.3	
   0.8	
  –	
  5.7	
  

THC	
   0.2	
  –	
  3.137	
  

1.2	
  (±0.6)38	
  

46.2	
  (±27.0)	
  (low	
  dose:	
  18.2	
  ±	
  2.8	
  
mg);	
  35.8	
  (±20.3)	
  (high	
  dose:	
  36.5	
  ±	
  

5.6	
  mg)39	
  

15.4	
   0.01	
  –	
  568.9	
  

	
  IV:	
  intravenous	
  /	
  IM:	
  intramuscular	
  /	
  SL:	
  sublingual	
  

*:	
  oral	
  fluid/blood	
  ratio	
  

	
  



Figure	
   1:	
   Scatter	
   plots	
   and	
   trend	
   lines	
   of	
   the	
   blood	
   and	
   oral	
   fluid	
   concentrations	
   (in	
   ng/mL)	
   of	
  

amphetamine,	
   MDA,	
   MDMA,	
   methamphetamine,	
   and	
   the	
   sum	
   of	
   the	
   concentrations	
   of	
   these	
  

substances	
  (µmol/L)	
  

	
  

Figure	
   2:	
   Scatter	
   plots	
   and	
   trend	
   lines	
   of	
   the	
   blood	
   and	
   oral	
   fluid	
   concentrations	
   (in	
   ng/mL)	
   of	
  

diazepam,	
  nordiazepam,	
  oxazepam,	
  temazepam,	
  and	
  their	
  sum	
  (µmol/L)	
  	
  

	
  

Fig	
  3:	
  Scatter	
  plot	
  and	
  trend	
  line	
  of	
  the	
  blood	
  and	
  oral	
  fluid	
  concentrations	
  (in	
  ng/mL)	
  of	
  THC	
  

	
  

Figure	
   4:	
   Scatter	
   plots	
   and	
   trend	
   lines	
   of	
   the	
   blood	
   and	
   oral	
   fluid	
   concentrations	
   (in	
   ng/mL)	
   of	
  

cocaine,	
  benzoylecgonine	
  (BZE)	
  and	
  the	
  sum	
  of	
  the	
  concentrations	
  (µmol/L)	
  of	
  these	
  substances	
  

	
  

Figure	
   5:	
   Scatter	
   plots	
   and	
   trend	
   lines	
   of	
   the	
   blood	
   and	
   oral	
   fluid	
   concentrations	
   (in	
   ng/mL)	
   of	
  

morphine,	
  codeine	
  and	
  the	
  sum	
  of	
  the	
  concentrations	
  (in	
  µmol/L)	
  of	
  these	
  substances	
  	
  

	
  

Figure	
  6:	
  Scatter	
  plot	
  showing	
  the	
  linear	
  (95%	
  CI)	
  relationship	
  between	
  serum	
  log[THC]	
  and	
  oral	
  fluid	
  

log[THC]	
  (Regression	
  equation:	
  Y=0.9248+0.8445X;	
  R2=0.21)	
  

	
  

Figure	
  7:	
  Box-­‐and-­‐whisker	
  plots	
  of	
  the	
  oral	
  fluid/blood	
  ratio	
  of	
  THC	
  in	
  function	
  of	
  the	
  time	
  interval	
  (in	
  

minutes)	
  between	
  oral	
  fluid	
  and	
  blood	
  sampling.	
  In	
  interval	
  A	
  blood	
  was	
  sampled	
  between	
  70	
  and	
  20	
  

minutes	
   before	
   oral	
   fluid.	
   In	
   interval	
   B	
   blood	
   was	
   sampled	
   between	
   19	
   minutes	
   before	
   and	
   29	
  



minutes	
  after	
  oral	
   fluid	
  and	
   in	
   interval	
  C	
  blood	
  was	
  sampled	
  between	
  30	
  and	
  95	
  minutes	
  after	
  oral	
  

fluid	
  



	
  

Amphetamines	
  (sum)	
  	
  (y	
  	
  =	
  -­‐9.58+21.07x)	
   Amphetamine	
  (y	
  	
  =	
  -­‐493.18+19.66x)	
  

	
   	
  

MDMA	
  (y	
  	
  =	
  -­‐311.16+10.22x)	
   MDA	
  (y  = -­‐114.29+13.44x)  

	
  
	
  

Figure	
  1	
  



	
  

Benzodiazepines	
  (sum)	
  (y	
  	
  =	
  0.018+0.018x)	
   Diazepam	
  (y	
  	
  =	
  -­‐0.49+0.01x)	
  

	
   	
  

Nordiazepam	
  (y	
  	
  =	
  2.70+0.01x)	
   Oxazepam	
  (y	
  	
  =	
  2.20+0.10x)	
  	
  

	
  
	
  

Figure	
  2	
  



	
  

THC	
  (y	
  	
  =	
  -­‐55.44+46.20x)	
  

	
  

	
  

Figure	
  3	
  



	
  

Cocaine	
  +	
  Benzoylecgonine	
  (y	
  	
  =	
  -­‐0.13+2.42x)	
  

	
  

Cocaine	
  (y	
  	
  =	
  22.20+48.49x)	
   BZE	
  (y	
  	
  =	
  28.84+0.62	
  x)	
  

	
   	
  

Figure	
  4	
  



	
  

Morphine	
  +	
  Codeine	
  (y  = 0.004+12.46x)	
  

	
  

Morphine	
  (y	
  	
  =	
  1.14+54.39x)	
  	
   Codeine	
  (y  = -­‐12.62 +13.55x)	
  

	
   	
  

Figure	
  5	
  



	
  

Figure	
  6



	
  

Figure	
  7	
  

	
  

	
  


