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New technology in TDM and toxicology 

I r v i n g  Sunshine 

4173 Hubbar t t  D r i ve ,  Pa lo  A l t o ,  CA 94306 USA 

A b s t r a c t  - S o c i e t y  makes ever  i n c r e a s i n g  demands f o r  more s e n s i t i v e ,  
s p e c i f i c ,  q u a n t i t a t i v e  analyses o f  t h e  many substances t h a t  a f f e c t  
t he  community 's h e a l t h  and we l l -be ing .  S c i e n t i s t s  have responded 
t o  these demands by  adap t ing  advanced techno logy  t o  achieve these 
goals.  Automated equipment t h a t  s imu l taneous ly  analyzes many specimens 
f o r  severa l  ana ly tes  w i t h  e x c e l l e n t  accuracy and s p e c i f i c i t y  i s  now 
i n  common use. The necessary h i g h  s e n s i t i v i t y  r e q u i r e d  t o  d e t e c t  
nanogram and picogram q u a n t i t i e s  can be achieved u s i n g  mass spec t romet ry  
coupled t o  GC, HPLC and SCF. Coupled t o  t h e  t e c h n i c a l  advanced i s  
an i nc reas ing  awareness t h a t  many substances, produced and used as 
racemates, may be more e f f e c t i v e  i f  t h e  more a c t i v e  anant iomer i s  
used. C h i r a l  separa t i on  o f  these en tan t iomers  enables t h e  i n v e s t i g a t i o n  
o f  t h e i r  r e s p e c t i v e  a c t i v i t i e s .  T h i s  cou ld  l ead  t o  more e f f e c t i v e  
use, i f  t h e  necessary separa t i on  process cou ld  be performed economica l l y .  
Succeeding speakers w i l l  address these techno log ic  advances. 

NEW TECHNOLOGY IN T D M  AND TOXICOLOGY 

I s  my p a t i e n t  poisoned? 
t o  he lp  answer these ques t i ons  w i t h  i n c r e a s i n g  frequency. 
t o  the  f i r s t  ques t i on  i s  t h e  phys i c ians  c l i n i c a l  exper ience. 
t h e i r  phys i ca l  examinat ion  and t h e i r  assessment o f  t h e  p a t i e n t ' s  h i s t o r y  i s  s u f f i c i e n t  
t o  e s t a b l i s h  a d iagnos is  and they  i n s t i t u t e  the  necessary suppor t i ve  therapy. 
do they  reques t  a s t a t  t o x i c o l o g i c a l  a n a l y s i s  o f  b lood  and/or u r i n e  t o  c o n f i r m  t h e i r  
presumptive d iagnos is .  
h e l p f u l  da ta  i n  r e a l  t ime.  T h i s  a t t i t u d e  i s  understandable because t o o  o f t e n  t h e  l a b o r a t o r y  
i s  n o t  prepared t o  analyze specimens f o r  t h e  many substances t h a t  may be i nvo l ved .  
Very few l a b o r a t o r i e s  have t h e  exper ienced s t a f f  and e legan t  equipment e s s e n t i a l  t o  
per fo rm t h e  r e q u i r e d  analyses 24 hours a day, eve ry  day o f  t h e  year .  
problem, some phys i c ians  reques t  a s t a t  a n a l y s i s  f o r  t he  s p e c i f i c  substances they  t h i n k  
may be i nvo l ved .  
t h e  r e s u l t s  ob ta ined  f rom a comprehensive t e s t i n g  program used i n  t h e  l a b o r a t o r y  as 
a r o u t i n e  procedure.  
30% o f  t he  analyses i n d i c a t e d  another  unsuspected drug  was found i n  a d d i t i o n  t o  the  
ordered drug, i n  20% o f  t h e  analyses an unsuspected drug  was present ,  and i n  16% o f  
the  reques ts  no t o x i c  substance was de tec ted .  
a b i l i t y  t o  c o r r e c t l y  i d e n t i f y  t h e  agen t (s )  i n v o l v e d  i n  a suspected po ison ing  i s  l e s s  
than op t ima l  and t h a t  a comprehensive t o x i c o l o g i c a l  a n a l y s i s  can be h e l p f u l .  What 
i s  t he  p resen t  s t a t e  o f  t h e  a r t ?  Can r e a l i s t i c  da ta  be p rov ided  a t  reasonable cos t ,  
i n  r e a l  t ime, by  t e c h n o l o g i s t s  w i t h  l i m i t e d  t r a i n i n g ?  A resounding YES i s  t h e  answer. 
A comprehensive t o x i c o l o g i c a l  a n a l y s i s  i s  n o t  f e a s i b l e .  A r o u t i n e  a n a l y s i s  i s  poss ib le .  
It should i n c l u d e  those drugs f o r  which a n t i d o t e s  a r e  a v a i l a b l e  and those drugs whose 
c l i n i c a l  e f f e c t s  a r e  a f u n c t i o n  o f  t h e i r  concen t ra t i on  i n  a u s e r ' s  blood. I nc luded  
i n  t h e  f i r s t  group a re  acetaminophen, methanol, e thy lene  gyco l ,  cyanides, carbon monoxide, 
op io ids ,  o rgan ic  phosphates, and the  va r ious  heavy meta ls .  I n  t h e  second group one 
would i n c l u d e  t h e  sedat ives ,  t h e  benzodiazepines, t h e  t r i c y c l i c  an t i dep ressan ts  and 
those substances i nc luded  i n  t h e r a p e u t i c  m o n i t o r i n g  programs. 

Time honored c l a s s i c a l  spo t  t e s t s  and m i c r o d i f f u s i o n  techn iques  can i d e n t i f y  many o f  
these substances. C l a s s i c a l  t h i n  l a y e r  chromatography has seen many new advances. 
Today semi-automated procedures a r e  a v a i l a b l e  t h a t  w i l l  separa te  t h e  ana ly tes  f rom 
t h e i r  b i o l o g i c a l  m a t r i x  and proceed w i t h  s p o t t i n g  and development. Another  i n n o v a t i o n  
t h a t  he lps  r e l a t i v e l y  na i ve  a n a l y s t s  i n t e r p r e t  t h e  chromatogram i s  a computer ized da ta  
ana lys i s  ins t rument .  

Has an employee been us ing  drugs? Labora to r ies  a r e  asked 
One b a s i s  f o r  an answer 

C l i n i c i a n s  presume t h a t  

Seldom 

Most l a b o r a t o r i e s  dep rec ia te  t h e  l a b o r a t o r y ' s  a b i l i t y  t o  p rov ide  

To s i m p l i f y  t h e  

Fo r  1 year,  o u r  l a b o r a t o r y  compared t h e  p h y s i c i a n ' s  reques ts  w i t h  

One t h i r d  o f  t h e  t ime, the  p h y s i c i a n ' s  presumption was c o r r e c t ,  

These da ta  suggest t h a t  t h e  p h u s i c i a n ' s  
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I n  a companion paper, Steven B inder  w i l l  p resen t  t he  d e t a i l s  o f  t he  automated HPLC 
a n a l y s i s  f o r  some 300 drugs t h a t  he he lped develop. As he i nd i ca tes ,  t h i s  novel  i ns t rumen t  
enables personnel  w i t h  l i m i t e d  l a b o r a t o r y  s k i l l s  t o  p rov ide  a r e l i a b l e  a n a l y s i s  i n  
about 30 minutes.  From h i s  b r i e f  p r e s e n t a t i o n  you w i l l  l e a r n  t h a t  a reasonab ly  s t a f f e d  
and equipped l a b o r a t o r y  can p r o v i d e  acceptab le  r e p o r t s  t h a t  can be h e l p f u l  t o  a c l i n i c i a n  
concerned w i t h  t h e  d iagnos is  and t rea tment  o f  a p a t i e n t  suspected t o  be a v i c t i m  o f  
po ison ing .  

The second o f  t h e  two ques t i ons  o r i g i n a l l y  proposed r e f l e c t s  growing s o c i e t a l  concerns 
about d rug  abuse. 
employees t o  t e s t s  designed t o  i n d i c a t e  i f  t h e y  a r e  us ing  s p e c i f i e d  substances t h a t  
a r e  cons idered t o  be undes i rab le  and d e t r i m e n t a l .  
d i f f e r e n t  approach t o  t h a t  j u s t  suggested f o r  c l i n i c a l  t o x i c o l o g y  which concerns i n f r e q u e n t  
a n a l y s i s  o f  b lood  and/or u r i n e  f o r  many ana ly tes .  
number u r i n e  specimens t h a t  a r e  t o  be analyzed f o r  a l i m i t e d  number ( 3  t o  8) substances. 
The number o f  specimens processed a drug  t e s t i n g  l a b o r a t o r y  v a r i e s  f rom 100 t o  5000. 
S p e c i f i c i t y  and s e n s i t i v i t y  demands a r e  h igh ,  as i s  t h e  n e c e s s i t y  t o  meet f o r e n s i c  
c r i t e r i a .  
q u a l i t y  assurance standards.  Not  o n l y  must each ba tch  o f  specimens c o n t a i n  nega t i ve  
and p o s i t i v e  c o n t r o l s  and a c a l i b r a t o r  b u t  i n t e r n a l  and e x t e r n a l  b l i n d  specimens a r e  
a l s o  requ i red .  

Novel techniques a r e  r e q u i r e d  t o  meet t h i s  cha l lenge.  One such i s  ba r  coding. Each 
specimen i s  l a b e l l e d  w i t h  a b a r  code w ich  n o t  o n l y  i d e n t i f i e s  the  specimen b u t  a l s o  
i n d i c a t e s  which ana ly tes  a r e  t o  be t e s t e d  when the  specimen i s  p laced i n  a s u i t a b l e  
automated chemical  ana lyzer .  
o f  p rocess ing  up t o  120 t o  300 specimens an hour f o r  up t o  10 ana ly tes  i n  each specimen. 
Admi t ted l y  these ins t ruments  a r e  v e r y  expensive b u t  t h e i r  c o s t  i s  e a s i l y  amor t i zed  
by t h e i r  h i g h  volume th roughput  and minimal demands f o r  specimen and reagent  volumes. 
Some l a b o r a t o r i e s  r e p o r t  t h e i r  c o s t  f o r  reagents f o r  1 t e s t  approximates $0.05. 
e f f i c i e n t  u n i t s  can be used f o r  i n i t i a l  immunoassays which i s o l a t e  presumptive p o s i t i v e s  
and p e r m i t  t he  r e j e c t i o n  o f  t h e  negat ives .  

The presumptive p o s i t i v e s  must be conf i rmed by  GC/MS, i f  p resen t  standards a r e  t o  be 
met. Modern advances p e r m i t  r o b o t i c  p rocess ing  o f  t h e  specimens so t h a t  t h e  drug  i s  
i s o l a t e d  f rom t h e  u r i n e  m a t r i x ,  d e r i v a t i z e d ,  and a s u i t a b l e  a l i q u o t  i s  analyzed by 
GC/MS, which can be accomplished w i t h  au tomat ic  sample hand l i ng  equipment. 
r e t r i e v e s  t h e  r e s u l t i n g  da ta  and y i e l d s  q u a n t i t a t i v e  da ta  based on r i g i d  s p e c i f i c a t i o n s  
f o r  a c c e p t a b i l i t y .  The e x a c t i n g  s teps  i n  t h e  p r e p a r a t i o n  o f  m a t e r i a l  s u i t a b l e  f o r  
GC/MS a n a l y s i s  can be, and u s u a l l y  i s ,  performed by  s k i l l e d  a n a l y s t s  r a t h e r  t h a t  by  
a r o b o t  whose t ime has n o t  y e t  come. O r .  Ge lp i  p o i n t s  o u t  t h e r e  a r e  many compounds 
t h a t  a re  more amenable t o  HPLC than GC - t h e  anabo l i c  s t e r i o d s  f o r  one example. 
w i t h  p a i n s t a k i n g  care,  v e r y  smal l  amounts o f  these compounds can be r e l i a b l y  q u a n t i t a t e d  
us ing  HPLC/MS. H i s  p r e s e n t a t i o n  w i l l  a m p l i f y  these i n t r o d u c t o r y  remarks. 

Having demonstrated t h a t  specimens can be analyzed accu ra te l y ,  t he  i n t e r p r e t a t i o n  o f  
t he  r e s u l t  i s  a r e a l  cha l lenge.  On ly  one aspect o f  t h a t  problem w i l l  be d iscussed 
now. 
i n  t h e  racemic m i x t u r e s  o f  drugs i n  common use. 

Recogn i t ion  t h a t  enantomers o f  drugs have d i f f e r e n t  pharmacological  p r o p e r t i e s  has 
l e d  t o  the  development o f  methods f o r  t h e i r  separa t ion .  
as racemates, m i x t u r e s  o f  two enant iomers.  One, t h e  eutomer, i s  more a c t i v e  than t h e  
o ther ,  t he  d i s t o n e r .  
o f  t h e  eutomer exceed those f o r  t h e  racemate, e f f o r t s  w i l l  be made t o  produce and market 
t h e  more e f f e c t i v e  eutomer. 
and D r .  P o r t e r  p resen ts  t h a t  m a t e r i a l  i n  h i s  t r e a t i s e .  

I have presented  an overv iew o f  some new a n a l y t i c a l  techniques t h a t  w i l l  l ead  t o  improved 
l a b o r a t o r y  performances. My co l leagues w i l l  p resen t  more d e t a i l s .  

More and more companies a r e  s u b j e c t i n g  t h e i r  employees and p rospec t i ve  

So lv ing  t h i s  problem r e q u i r e s  a 

Drug abuse programs i n v o l v e  a l a r g e  

The mandate thorough documentation o f  each s tep  i n  t h e  a n a l y s i s  under r i g i d  

One f a l s e  p o s i t i v e  r e p o r t  i s  t h e  b a s i s  f o r  d i s c r e d i t i n g  a l a b o r a t o r y .  

These ins t rumen ts  a r e  remarkably r e l i a b l e  and a re  capable 

These 

A computer 

Again 

That  problem r e l a t e s  t o  assessing t h e  r e l a t i v e  a c t i v i t y  o f  t h e  two forms p resen t  

Most drugs a r e  p r e s e n t l y  s o l d  

A s  evidence i s  developed t o  i n d i c a t e  t h a t  t he  the rapeu t i c  advantages 

Methods have been developed t h a t  p e r m i t  these separa t ions ,  




