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PROBLEMS IN SAMPLING TECHNIQUES FOR 
PSYCHOTROPIC DRUG ASSAYS 

Raymond F. Suckow 
Analytical Psychopharmacology Laboratory 

Nathan S. Kline Institute for  Psychiatric Research 
Orangeburg, New York 10962 

ABSTRACT 

The v a l i d i t y  of a n a l y t i c a l  r e s u l t s  in psychot ropic  drug a s s a y s  
i s  dependent upon, among o t h e r  t h i n g s ,  t h e  proper  method of 
specimen c o l l e c t i n g  and s t o r a g e .  This  review c i t e s  t h e  many 
problems a s s o c i a t e d  w i t h  t h i s  a s p e c t  of a n a l y t i c a l  methodology 
i n c l u d i n g  t h e  proper  c o l l e c t i o n  tubes ,  a n t i c o a g u l a n t s  and s t o r a g e  
c o n d i t i o n s  necessary  f o r  t h e  e l i m i n a t i o n  of e r r o r s  t h a t  may be 
in t roduced  dur ing  sample handl ing.  S p e c i f i c  examples are c i t e d  f o r  
t h e  t r i c y c l i c  a n t i d e p r e s s a n t ,  a n t i p s y c h o t i c ,  and some new 
a n t i d e p r e s s a n t  agents .  

Recent advances i n  l i q u i d  chromatography have enabled t h e  

c l i n i c i a n  and o t h e r  r e s e a r c h e r s  i n  t h e  f i e l d  of psychopharmacology 

t o  i n v e s t i g a t e  t h e  pharmacokinet ics  of psychot ropic  drugs and t h e i r  

metabol i tes .  The i n t r o d u c t i o n  of smaller p a r t i c l e  s i z e  packings 

f o r  columns (3-5 microns) ,  microbore h igh  speed columns, and 

numerous bonded reversed  phase columns i n  combination with mobile 

phases  conta in ing  paired-ion reagents  and/or  m i n e  modi f ie rs  have 

r e s u l t e d  i n  very powerful s e p a r a t i o n  techniques.  The r e c e n t  

i n t r o d u c t i o n  of an i n t e r n a l  s u r f a c e  reversed-phase s i l i c a  support  

column f a c i l i t a t e s  t h e  d i r e c t  i n j e c t i o n  of serum o r  p l a s m  on 
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294 SUCKOW 

column, t h u s  e l i m i n a t i n g  t h e  time-consuming t a s k  of d rug  

e x t r a c t i o n s  from b i o l o g i c a l  m a t e r i a l  and r educ ing  t h e  p o s s i b i l i t y  

of e x t r a c t i o n  p rocedure  a r t i f a c t s  (1). I n  a d d i t i o n ,  a number of 

d e t e c t i o n  systems such  a s  f l u o r e s c e n c e ,  e l e c t r o c h e m i c a l  and 

u l t r a v i o l e t  ( f i x e d  and v a r i a b l e  wavelength)  have added t o  t h e  

o v e r a l l  s e l e c t i v i t y  and s e n s i t i v i t y  of t h e  system. N e w e r  d e t e c t i o n  

systems such as s imul t aneous  mul t i -  wavelength o r  diode a r r a y  W 

d e t e c t o r s  can de te rmine  peak p u r i t y  as w e l l  a s  a c c u r a t e  and p r e c i s e  

q u a n t i t a t i o n .  These newer developments i n  l i q u i d  chromatography a s  

w e l l  as i n  gas chromatography, mass spec t romet ry  and radioimmunoas- 

s a y  p rocedures  e n a b l e s  t h e  a n a l y t i c a l  chemist  t o  perform many 

p s y c h o t r o p i c  d rug  a n a l y s e s  w i t h  adequate  p r e c i s i o n ,  accu racy  and 

s e n s i t i v i t y .  

I n  s p i t e  of t h e s e  achievements  ove r  r e c e n t  y e a r s ,  t h e r e  s t i l l  

remains an a r e a  of sample a n a l y s i s  which seems t o  be n e g l e c t e d  o r ,  

a t  t h e  l e a s t ,  unde res t ima ted  i n  i t s  c o n t r i b u t i o n  t o  t h e  t o t a l  

a n a l y t i c a l  procedure.  The t echn ique  i n  t h e  c o l l e c t i o n  of a sample 

from a p a t i e n t  ( o r  o t h e r  l i v i n g  an ima l )  and t h e  p r e s e r v a t i o n  of 

t h a t  sample u n t t l  t h e  a c t u a l  t i m e  of e x t r a c t i o n  and chronatography 

i s  many t i m e s  neve r  s p e c i f i c a l l y  s t a t e d  i n  pub l i shed  c l i n i c a l  

s t u d i e s  o r  r e s e a r c h  a r t i c l e s .  The type  of c o l l e c t i o n  tubes ,  a n t i -  

c o a g u l a n t s  ( i f  any)  and s p e c i f i c  s t o r a g e  t empera tu res  and o t h e r  

r e l e v a n t  i n f o r m a t i o n  such as t h e  u s e  of a n t i o x i d a n t s  shou ld  he 

r o u t i n e l y  s t a t e d  i n  any r e s e a r c h  communication. T h i s  a r t i c l e ,  

t h e r e f o r e ,  w i l l  d i s c u s s  t h e  problems r e l a t i n g  t o  sample c o l l e c t i o n  

and s t o r a g e  a s  t h e y  p e r t a i n  t o  t h e  a n a l y s i s  of p s y c h o t r o p i c  drugs.  

The groups of p s y c h o t r o p i c  drugs i n c l u d e  t h e  t r i c y c l i c  a n t i -  

d e p r e s s a n t s  as w e l l  a s  most of t h e  newer second g e n e r a t i o n  a n t i -  

d e p r e s s a n t s  such  as t r azodone ,  m a p r o t i l i n e ,  bupropion,  and o t h e r s .  

The a n t i p s y c h o t i c  ( n e u r o l e p t i c  d rugs )  such  as t h e  p h e n o t h i a z i n e s  

( ch lo rp romaz ine )  and butyrophenones ( h a l o p e r i d o l )  w i l l  a l s o  be 

i n c l u d e d  i n  t h i s  d i s c u s s i o n .  These drugs a l l  s h a r e  s e v e r a l  

p r o p e r t i e s  i n  common. They a r e  a l l  b a s i c  d rugs  and h i g h l y  l i p o -  

p h i l l i c .  They are h i g h l y  bound (85-95%) t o  blood p r o t e i n s  such as 

a l p h a l - a c i d  g l y c o p r o t e l n  and l i p o p r o t e i n s ,  and t o  a lesser e x t e n t  
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PSYCHOTROPIC DRUG ASSAYS 295 

albumin ( 2 , 3 ) .  This  l a s t  p roper ty  w i l l  become important  when 

d i s c u s s i n g  t h e  e f f e c t s  of var ious  a n t i c o a g u l a n t s  and c o l l e c t i o n  

tubes.  Thus, t h e  manner i n  which t h e  sample i n  c o l l e c t e d  and 

s t o r e d  w i l l  p lay a s i g n i € i c a n t  r o l e  i n  t h e  f i n a l  r e s u l t s  which 

could a l t e r  subsequent  therapy.  

Although t h e  c l i n i c a l  u t i l i t y  of r o u t i n e  serum/plasma 

monitor ing of psychot ropic  drugs is q u e s t i o n a b l e ,  t h e r e  i s  

c e r t a i n l y  a need f o r  a c c u r a t e  measurements when determining t h e  

pharmacokinet ics ,  checking f o r  compliance, i n v e s t i g a t i o n s  of t h e  

b i o a v a i l a b i l i t y  of t h e  same drug ( i .e .  g e n e r i c  t r a d e  name) and 

i n  s i t u a t i o n s  where t h e  p a t i e n t  is exper ienc ing  unusual s i d e  

e f f e c t s  o r  does not respond t o  drug therapy. A r e c e n t  r e p o r t  

s u g g e s t s  t h a t  monitor ing p a t i e n t s  on t r i c y c l i c  a n t i d e p r e s s a n t s  may 

be more u s e f u l  than  f o r  o t h e r  psychot ropic  drugs s i n c e  t h e  d a t a  

base f o r  t h i s  c l a s s  of compounds i s  more ex tens ive  r e s u l t i n g  i n  a 

t h e r a p e u t i c  range €or  some of t h e s e  agents  such a s  n o r t r i p t y l i n e  

( 4 ) .  These d a t a  have permi t ted  a quicker  response t i m e  f o r  many 

problem p a t i e n t s ,  and, t h e r e f o r e ,  less cos t  t o  p a t i e n t s  because of 

reduced t i m e  i n  h o s p i t a l s  o r  away €rom work. 

BLOOD COLLECTION TUBES 

The most popular  method of blood c o l l e c t i o n  is  through t h e  u s e  

of a vacuum c o l l e c t i o n  system. The use of Vacutainers@ (Becton 

Dickinson h Co.) p r i o r  t o  1978 caused a lowering of t o t a l  

c o n c e n t r a t i o n  of t r i c y l i c  a n t i d e p r e s s a n t s  in plasma (5-8). The 

p l a s t i c i z e r  tris-butoxyethylphosphate (TBEP) i n  t h e  c o n t a i n e r  

s t o p p e r  d isp laced  t h e  b a s i c  drug from t h e  alphal-acid g l y c o p r o t e i n  

i n  plasma thereby  i n c r e a s i n g  t h e  " f r e e "  f r a c t i o n  of t h e  drug i n  

plasma. This  i n c r e a s e  i n  t h e  unbound f r a c t i o n  w i l l  r e d i s t r i b u t e  

between t h e  red c e l l s  and plasma r e s u l t i n g  i n  a decrease  of t h e  

plasma drug l e v e l s  (9) .  This  decrease  can range from 17 t o  36% of 

a c o n t r o l  plasma sample ( a l l  glass c o l l e c t i o n  system) as repor ted  

i n  a s tudy  of t h e  t e r t i a r y  and secondary t r i c y c l i c s  a m i t r i p t y l i n e  

and n o r t r i p t y l i n e  (10). P e r e l  and S t i l l e r  (11) r e p o r t e d  a decrease  

of 12% of t h e  a n t i p s y c h o t i c  drug h a l o p e r i d o l  us ing  tubes  wi th  TBEP 
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296 SUCKOW 

s t o p p e r s  as compared t o  TBEP-free s t o p ? e r  t ubes .  S ince  1978, 

Becton Dick inson  and Co. have p repa red  tubes  s p e c i f i c a l l y  f o r  t h e  

c o l l e c t i o n  of b a s i c  drugs.  Thoma e t  a l .  ( 1 2 )  concluded from t h e i r  

s t u d y  of v a r i o u s  t r i c y c l i c  a n t i d e p r e s s a n t s  i n  "new" and "o ld"  

V a c u t a i n e r s  t h a t  hlood c o l l e c t i o n  i n  g l a s s  s y r i n g e s  i s  unnecessary 

i f  t h e  "new" Vacu ta ine r  is used. It i s  emphasized t h a t  on ly  t u b e s  

s p e c i f i c a l l y  manufactured f o r  t h e r a p e u t i c  drug mon i to r ing  are f r e e  

of TREP. D e s p i t e  t h e  r e p e a t e d  r e p o r t s  i n  t h e  l i t e r a t u r e  conce rn ing  

t h i s  i n t e r a c t i o n ,  samples s t i l l  o c c a s i o n a l l y  a r r i v e  at  our l abora -  

t o r y  i n  t u b e s  w i t h  TBEP-containing s t o p p e r s  through e i t h e r  ignor-  

a n c e  o r  by t h e  i n a d v e r t a n t  s e l e c t t o n  of tubes.  

The re  have been o n l y  a few s t u d i e s  conce rn ing  t h e  e f f e c t s  of  

v a r i o u s  a n t i c o a g u l a n t s  on t h e  l e v e l s  of plasma p s y c h o t r o p i c  drugs.  

The most commonly used  a n t i c o a g u l a n t s  f o r  plasma c o l l e c t i o n  are 

h e p a r i n ,  e thy lened iamine  t e t r a - a c e t i c  a c i d  (EDTA) and balanced oxa- 

l a t e  (ammonium and potassium o x a l a t e s ) .  One p o s s i b l e  problem i s  

t h e  u s e  of a h e p a r i n  lock  employed f o r  m u l t i p l e  blood c o l l e c t i o n  

d u r i n g  pha rmacok ine t i c  sampling a s  w e l l  as i n d i v i d u a l  r o u t i n e  

sampling.  Recent  s t u d i e s  have demonstrated t h a t  a s  l i t t l e  as 50 

u n i t s  of h e p a r i n  can cause  a 30% i n c r e a s e  in " f r e e "  d rug  concen t r a -  

t i o n .  The mechanism of a c t i o n  i s  b e l i e v e d  t o  be t h e  i n d u c t i o n  of 

l i p o p r o t e i n  l i p a s e  a c t i v i t y  by h e p a r i n  wi th  t h e  r e s u l t i n g  d e g r a t i o n  

of l i p o p r o t e i n  (13).  Basic drugs bind t o  l i p o p r o t e i n s ,  and t h e  

r e s u l t a n t  i n c r e a s e d  c a t a b o l i s m  of t h e s e  compounds i n c r e a s e s  l e v e l s  

of  unbound drug. T h i s  cou ld ,  t h e r e f o r e ,  l ead  t o  a r e d i s t r i b u t i o n  

of d rug  and,  hence,  a l o w  plasma l e v e l  s i n c e  a g r e a t e r  p r o p o r t i o n  

i s  d i s t r i b u t e d  t o  t h e  e r y t h r o c y t e s .  Naranjo e t  a l .  ( 1 4 )  have 

sugges t ed  t h a t  t h i s  o b s e r v a t i o n  r e s u l t e d  a t  least  i n  p a r t  from t h e  

f a c t  t h a t  t h e  s u b j e c t s  were in a non- fa s t ing  s t a t e  which may be t h e  

pr imary d e t e r m i n a n t  i n  a c t i v a t i n g  t h e  l i p o p r o t e i n  l i p a s e .  Pharma- 

c o k i n e t i c  d a t a  d e r i v e d  from such  sampling t e c h n i q u e s  ( i n d w e l l i n g  

h e p a r i n  l o c k s )  must remain s u b j e c t  t o  doubt u n t i l  f u r t h e r  d e f i n i -  

t i v e  s t u d i e s  are c a r r i e d  ou t  (15). E v a l u a t i o n  of o t h e r  s t u d i e s  

r e g a r d i n g  t h e  e f f e c t s  of a n t i c o a g u l a n t s  on plasma l e v e l s  of psycho- 

t r o p i c  d rugs  i s  d i f f i c u l t  because of a l a c k  of s u i t a b l e  c o n t r o l s  o r  

i n s u f f i c i e n t  s t a t i s t i c a l  d a t a  (8 ,16,17) .  
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Until recently, it was generally assumed that plasma and semm 
drug concentrations from the same subject were not significantly 

different. Stiller et al. (18,191 examined this relationship 
between various tricyclic antidepressants using EDTA as the 
anticoagulant. They found no significant difference between EDTA 
derived plasma versus serum levels of imipramine or desipramine. 

Spina et al. (20) also did not demonstrate a significant difference 
between serum and plasma tricyclics, although the serum levels were 
consistently lower in the 10 patients studied. Hullett et al. (21) 

compared serum and plasma concentrations of imipramine and 
desipramine in 10 patients using heparin as the anticoagulant for 
the plasma samples. Their findings show significantly lower levels 
in serum than in plasma. This study, however, may be subject to 
dispute since the tubes used to collect the blood for serum 
(Serum-Separator Tubes@, Becton Dickinson and Co.) have been 
implicated in artifactual lowering of the concentration of 

psychotropic drugs (16,22,23,24). A recent study conducted in part 
by our laboratory has revealed that plasma levels of the four major 

tricyclic antidepressants were indeed higher than the serum levels 
(25). Whole blood was  collected in a 20 cc plastic syringe and 

transferred after needle removal into two separate 15 ml 
acid-washed borosilicate glass plastic screw-top test tubes. One 
tube containing balanced oxalate crystals t o  obtain plasma, and the 
second tube containing nothing for serum. After centrifugation, an 

aliquot of plasma or serum was transferred to plain tubes for 
storage at -20°C until analysis. Results are shown in Table 1. 

TABU I. Percent Tricyclic Antidepressant Plasma(P)-Serum(S) 
Differences. (With permission from Coccaro et al. (25)) 

N P-S(%) Median Range 

0.9% -2.9-8.6% 79.5 76.3 

Ami triptyline 6.at2.4%** 7.0% 3.5-11.1% 97.3 90.7 

Desipramine i5.0*8.8%*** 14.9% -7.7-30.5% 181.8 144.5 
Nortriptyline 15.8t7.8%*** 16.5% 0.0-29.8% 85.5 68.2 

*P<O.l *~<0.001 ***P<O. 0001 
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Serum l e v e l s  were about  15% lower f o r  the secondary amine 

t r i c y c l i c s  (desipramine and n o r t r i p t y l i n e ) ,  but cons iderably  less 

(1-7% d i f f e r e n c e s )  f o r  t h e  t e r t i a r y  t r i c y c l i c s  imipramine and 

desipramine. The d i f f e r e n c e s  observed h e r e  are a p p a r e n t l y  not a 

r e s u l t  of d i f f e r e n t i a l  e x t r a c t i o n  r e c o v e r i e s  between serum and 

plasma drug c o n c e n t r a t i o n s  s i n c e  s p i k i n g  serum and plasma with 

t h e s e  compounds r e s u l t  i n  s i m i l a r  recover ies .  The au thors  suggested 

t h a t  t h e  p r a c t i c e  of us ing  serum t r i c y c l i c  l e v e l s  be discouraged.  

There i s  a d e f i n i t e  need f o r  f u r t h e r  s t u d i e s  a long t h e s e  l i n e s  

which i n v o l v e  c a r e f u l l y  c o n t r o l l e d  condi t ions  such a s  us ing  t h e  

proper  a n t i c o a g u l a n t  and t h e  e l i m i n a t i o n  of serum-separator tubes  

as w e l l  as i n c r e a s i n g  t h e  number of s u b j e c t s  f o r  a more meaningful 

comparison. 

SAMPLE STORAGE 

B i o f l u i d s  and t i s s u e s  conta in ing  t r i c y c l i c  a n t i d e p r e s s a n t s  can 

be s t o r e d  f r o z e n  f o r  a t  least 6 months a t  -20°C ( 2 6 ) .  I n  our 

l a b o r a t o r y  we have demonstrated t h a t  both t e r t i a r y  and secondary 

amine t r i c y c l i c  a n t i d e p r e s s a n t s  are s t a b l e  f o r  more than 12 months 

if s t o r e d  i n  t i g h t l y  s toppered  g l a s s  tubes. This  proper ty  becomes 

i n p o r t a n t  when c o n s i d e r i n g  ba tch  process ing  of samples, thus  reduc- 

i n g  the o v e r a l l  c o s t  of sample process ing  as well as e l i m i n a t i n g  

day-to-day v a r i a n c e  i n  c l i n i c a l  s t u d i e s  by s imul taneous ly  ana lyz ing  

as many samples as poss ib le .  For long term s t o r a g e ,  i t  i s  recom- 

mended t h a t  " f r o s t - f r e e "  f r e e z e r s  not be used s i n c e  t h e  p o t e n t i a l  

f o r  f r e e z e  dry ing  i n c r e a s e s  thereby  a l t e r i n g  t h e  composition o f  t h e  

sample. C h r i s t i a n s e n  ( 2 7 )  repor ted  t h a t  a p o s s i b l e  source  of e r r o r  

i n  t h e  de te rmina t ion  of t h e  t r i c y c l i c s  i s  t h e  proper ty  of 

a d s o r p t i o n  onto  glassware.  This  problem is p a r t i c u l a r l y  n o t i c e a b l e  

a t  l o w  c o n c e n t r a t i o n s ,  and is not a c o n s t a n t  f a c t o r .  They repor ted  

a t o t a l  loss of both imipramine and desipramine a f t e r  1 2  months 

s t o r a g e  a t  -2O'C i n  whole blood. S i l a n i z a t i o n  of t h e  glassware or 

the a d d i t i o n  of an analogous (but  n o n - i n t e r f e r r i n g )  compound t o  
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compete with the  binding s i t e s  on the  sur face  of t he  glassware a r e  

ways t o  avoid o r  minimize t h i s  problem. 

Antipsychotic drugs may present more d i f f i c u l t  problems s ince  

many phenothiazines a r e  photosens i t ive  and may requi re  precautions 

such as co l l ec t ion  i n  l i g h t  shielded containers (28). Javaid e t  

a l .  (29 )  suggest t he  use of an an t iox idant  i n  sample co l l ec t ion  and 

s to rage  of an t ipsychot ic  drugs because of t h e i r  experience wi th  

t r i f l u p e r a z i n e .  Chlorpromazine l e v e l s  were observed t o  inc rease  

over s torage  time. This was believed to  have been brought about by 

t h e  reduction of chlorpromazine N-oxide t o  chlorpromazine (30). 

F r i ede l  (31) suggested tha t  the  increased l eve l s  of chlorpromazine 

observed a f t e r  s to rage  was due t o  the  reduction of the  su l foxide  t o  

chlorpromazine. Other i nves t iga to r s  have reported the  p ro tec t ion  

afforded by plasma both i n  preventing oxidation and absorption onto 

glassware during ex t r ac t ion  procedures ( 3 2 , 3 3 ) .  Recent inves t iga-  

t i o n s  i n t o  the  problems of t he  s t a b i l i t y  of chlorpromazine i n  briman 

blood have r ecen t ly  been reported ( 3 4 , 3 5 ) .  F i r s t ,  10-14% of chlor- 

promazine was oxidized t o  chlorpromazine su l foxide  whether t h e  

blood was made a l k a l i n e  with sodium hydroxide o r  with sodium carbo- 

na te  before ex t rac t ion .  Addi t iona l ly ,  chlorpromazine N-oxide 

appeared t o  be converted In to  a mixture of chlorpromazine and 

chlorpromazine su l foxide  i n  a lka l ine  whole blood. Both r eac t ions  

a r e  reported t o  occur "instantaneously". These inves t iga to r s  con- 

cluded t h a t  chlorpromazine and i t s  metabolites were remarkably 

s t a b l e  i n  whole blood under physiological conditions. Davis e t  

a l .  (36) showed increas ing  amounts of chlorpromazine when samples 

were s tored  below O'C. They proposed t h a t  t h i s  i nc rease  was due t o  

a conversion of a metabolite t o  the  parent compound. However, 

these  samples were ext rac ted  at a s t rongly  bas ic  pH and the re fo re  

the  conversion of chlorpromazine N-oxide may have been an a r t i f a c t  

of t he  e x t r a c t i o n  procedure r a the r  than t h e  s torage  procedure. 

Recent r epor t s  have demonstrated t h a t  severa l  new antidepress- 

a n t  compounds may present a n a l y t i c a l  problems with regard t o  t h e i r  

i n s t a b i l i t y  during improper storage.  Nomifensine, a non- t r icyc l ic  
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a n t i d e p r e s s a n t  is metabol ized i n  man t o  s e v e r a l  hydroxy and methoxy 

compounds a s  w e l l  as t h e  N- and 0-glucuronides ( 3 7 ) .  It has been 

demonstrated t h a t  the N-glucuronide of t h e  unchanged p a r e n t  

compound i s  both  a c i d  l a b i l e  and thermal ly  u n s t a b l e  (38). There- 

f o r e ,  samples of nomifensine must be s t o r e d  f rozen  and a t  a physio- 

l o g i c a l  pH o therwise  t h e  va lues  of t h e  drug w i l l  be f a l s e l y  h i g h  

( 3 9 , 4 0 ) .  Recent ly ,  nomifensine has  permently withdrawn form c l i n i -  

cal  use. Bupropion an FDA-approved hut a s  of yet  unmarketed a n t i -  

d e p r e s s a n t  must also be handled j u d i c i o u s l y .  This compound is  most 

s t a b l e  a t  low pH's ( 2.5) and when s t o r e d  f rozen  (-17'C) ( 4 1 ) .  

Bupropion c o n c e n t r a t i o n s  can decrease  from 7 3 4 9 %  when maintained 

a t  pH 5-10 f o r  4 8  hours. S torage  of bupropion i n  plasma a t  room 

temperature  can r e s u l t  i n  a reduct ion  i n  i n i t i a l  c o n c e n t r a t i o n  of 

55% a f t e r  48  hours .  The t h r e e  major b a s i c  metabol i tes  of bupropion 

a r e  not a f f e c t e d  by t h e s e  condi t ions .  

Our l a b o r a t o r y  has  i n v e s t i g a t e d  t h e  s t a b i l i t y  of n o r t r i p t y l i n e  

i n  plasma shipped v i a  r e g u l a r  U.S. Nail i n  t h e  nonfrozen s t a t e  

(average  t i m e  2-4 days) versus  t h e  s p l i t  sample shipped i n  d r y  

ice. The r e s u l t s  i n d i c a t e  comparable l e v e l s  between t h e  t w o  sampl- 

es. Other  d a t a  on t h e  s t a b i l i t y  of t r i c y c l i c s  a t  room temperature  

i n d i c a t e  t h a t  shipment i n  t h e  unfrozen s t a t e  i s  s a t i s f a c t o r y .  

Handorf ( 4 2 )  r e p o r t s  t h a t  i d e a l  s t o r a g e  temperature  f o r  t r i c y c l i c s  

i s  4"C,  and t h a t  f r e e z i n g  t h e s e  specimens r e s u l t s  i n  s a m p l e  deter- 

i o r a t i o n  and u n r e l i a b l e  t r i c y c l i c  l e v e l s .  However, no d a t a  are 

presented .  

The p r e s e r v a t i o n  of t i s s u e  samples in formaldehyde i s  a wel l -  

-known procedure f o r  long-term s t o r a g e .  However, t o x i c o l o g i c a l  

specimens of secondary amine t r i c y c l i c  a n t i d e p r e s s a n t s  (desipramine 

and n o r t r i p t y l i n e )  s t o r e d  i n  a formal in  s o l u t i o n  (10% formaldehyde 

i n  s a l i n e )  w i l l  cause methyla t ion  t o  occur  r e s u l t i n g  i n  t h e  forma- 

t i o n  of t h e  corresponding t e r t i a r y  amine (imipramine and ami t r ip ty-  

l i n e )  ( 4 3 ) .  This  could have s e r i o u s  medico-legal i m p l i c a t i o n s  i f  

one were t o  r e l y  upon t h e  resul ts  from t h e s e  specimens a s  opposed 

t o  f r e s h  t i s s u e  a n a l y s i s .  
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The o b j e c t  of t h i s  b r i e f  review has  been t o ,  hopefu l ly ,  p l a c e  

a s p e c i a l  emphasis on t h e  importance of proper  sample c o l l e c t i o n  

s t o r a g e .  It i s  by no means complete and, c e r t a i n l y ,  much contro-  

versy  remains as t o  t h e  "proper"  way t o  handle  t h e s e  types of 

specimens. What t s  obviously lack ing  as one reviews t h i s  l i tera-  

t u r e  are c a r e f u l l y  c o n t r o l l e d  s t u d i e s  involv ing  t h e  var ious  types  

of c o l l e c t i o n  tubes ,  a n t i c o a g u l a n t s  and s p e c i f i c  s t o r a g e  c o n d i t i o n s  

with a s u f f i c i e n t  sample s i z e  necessary t o  genera te  s t a t i s t i c a l l y  

s i g n i f i c a n t  r e s u l t s .  U n t i l  t h e s e  d a t a  are developed and accepted 

g e n e r a l l y ,  i t  becomes t h e  r e s p o n s i b i l i t y  of each i n v e s t i g a t o r  t o  

c a r e f u l l y  e v a l u a t e  the p r o p e r t i e s  of t h e  drug in q u e s t i o n  w i t h  

r e s p e c t  t o  the above and i n c l u d e  t h e  r e s u l t s  with any new a n a l y t i -  

c a l  methodology. The bes t  chromatographic p r e c i s i o n  and accuracy 

w i l l  have l t t t l e  meaning i f  t h e  sample i n t e g r i t y  p r i o r  t o  t h e  

a n a l y t i c a l  methodology is not va l ida ted .  
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