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Summary. The extraction of drugs from small blood samples (1 ml or less) for 
subsequent quantitative determination is described. Isolation was carried out by 
adsorption of the drags to Ambeflite XAD-2 resin utilizing a batch procedure that 
enabled the simultaneous extraction of up to 200 samples in approx. 5 hours. 
A new desorption technique yielded extracts of high purity that could be used 
directly for gas chromatographic or radioimmunological determinations, even if 
hemolyzed or putrid blood was to be examined. The following 26 substances 
were quantitated after addition to postmortem blood specimens at concentrations 
of 1-10 /~g/ml: tilidine, diphenhydramine, dibenzepine, imipramine, chlorpro- 
mazine, amphetamine, pentazocine, phenacetin, methaqualone, meprobamate, 
parathion, diazepam, digoxin,/3-methyldigoxin, carbromal, glutethimide, amobar- 
bital, pentobarbital, cyclobarbital, phenobarbital, d,phenylhydantoin, carbu- 
tamide, tolbutamide, glycodiazin, tolazamide and chlorpropamide. Thereby 
recoveries of 60-100 % could be achieved. The reproducibility of the procedure 
was satisfactory as demonstrated by coefficients of variation of 3.7-8 %. 
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Zusammenfassung. Es wird die Extraktion yon Arzneistoffen aus kleinen Blut- 
proben (1 ml oder weniger) ftir die nachfolgende quantitative Bestimmung be- 
schrieben. Die Isolierung der Substanzen erfolgte durch Adsorption an ein Kunst- 
harz (Amberlite XAD-2) mittels eines Batch-Verfahrens, das die Aufarbeitung von 
bis zu 200 Proben in ungefahr 5 Stunden erm6glichte. Die Anwendung einer neu- 
artigen Desorptionstechnik ftthrte selbst bei zersetzten Blutproben zu sehr sauberen 
Extrakten, die direkt fiir gaschromatographische oder radioimmunologische Be- 
stimmungen verwendet werden konnten. Nach Zusatz zu Leichenblut in Kon- 
zentrationen von 1-10 /ag/ml wurden die folgenden 26 Wirkstoffe quantitativ 
bestimmt: Tilidin, Diphenhydramin, Dibenzepin, Imipramin, Chlorpromazin, 
Amphetamin, Pentazocin, Phenacetin, Methaqualon, Meprobamat, Parathion, 
Diazepam, Digoxin, ~-Methyldigoxin, Carbromal, Glutethimid, Amobarbital, 
Pentobarbital, Cyclobarbital, Phenobarbital, Diphenylhydantoin, Carbutamid, 
Tolbutamid, Glycodiazin, Tolazamid und Chlorpropamid. Dabei konnten Wieder- 
findungen von 60-100 % erreicht werden. Die Reproduzierbarkeit war bei Va- 
riationskoeffizienten yon 3,7-8 % zufriedenstellend. 

Schiiisselw6rter: Amberlite XAD-2, Isolierung von Arzneistoffen - Arzneistoffe, 
Isolierung im Blut 
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The prob lem o f  drug consumpt ion  during the last years resulted in a significant increase 

o f  the amoun t  o f  samples for toxicological  examinat ion .  In this con tex t ,  the  evaluat ion 

o f  the degree o f  impa i rment  by drugs is highly impor tan t ,  especially in cases o f  traffic 

violations or crimes. As generally accepted,  only  b lood  levels render  a rational basis 

for the es t imat ion o f  drug effects  [e.g., 1], but  of ten  the small amounts  o f  b lood 

available prevent  systematic  rout ine  investigations. With the advent  o f  highly sensitive 

analytical procedures  (e.g., RIA,  GC, GC-MS) the measuremen t  even o f  those amounts  
o f  drugs, that  are to be expec ted  in 1 ml  o f  b lood  or  less, presents no p rob lem today.  

On the o ther  hand,  mos t  o f  the isolat ion procedures  generally used are unsat isfactory 

with  respect  to pract icabi l i ty ,  recovery and pur i ty  o f  the  final extracts .  

Several authors  have described the applicat ion o f  Ambef l i te  XAD-2,  an unpolar  

s tyrene-divinylbenzene copolymer ,  to the ex t rac t ion  o f  drugs f rom blood [ 2 - 1 0 ] .  

These investigations p r o m p t e d  the e laborat ion o f  the m i c r o m e t h o d  presented here for 

serial de terminat ions  in daily rout ine work.  

Materials and Methods  

Ambedite XAD-2 resin (Serva, Heidelberg, GFR; particle size 50-100 tz) was purified by continu- 
ous Soxhlet-extraction with ethyl acetate for at least 6 h. Afterwards the resin was washed twice 
with acetone and 4 times with water. All solvents and reagents were of p.a.-grade and were used as 
supplied. Radioimmunological determinations of digoxin and ~-methyldigoxin were carried out 
with a commercial digoxin kit (NEN, Mass.). The 14C-diazepam was generously donated by the 
Hoffmann-La Roche A. G. (Grenzach-Wyhlen, G. F. R.) and had a radiochemical purity of better 
than 98 % as checked by radio thin-layer chromatography. Scintillation counting was carried out 
with a Berthold BF 5000 using Unisolve 1. 

Extraction procedure A (for basic and neutral substances): 1 mlo f  blood was pipetted into a 
polypropylene tube (4 10 mm). 1 ml of an Amberlite XAD-2 slurry in 5 % aqueous ammonia 
(1 g/10 ml) was added and the suspension was shaken for 20 rain. After centrifugation (3 min, 
4000 rpm) the supernatant was discarded and the residue was twice washed with 2 ml of an 5 % 
aqueous ammonia solution by shaking for 5 -10  min, eentrffugation and decantation. Then 1 ml 
of the 5 % aqueous ammonia solution and 1.5 ml of ethyl acetate were added to the resin. After 
shaking for another 15 rain the layers were separated by centrffugation (5 min, 4000 rpm). The 
ethyl acetate was evaporated and the dry material was used for quantitative determinations by 
radioimmunoassay or gas chromatography. 

Extraction procedure B (barbiturates): Adsorption of the drugs to the resin and subsequent 
washing was carried out according to procedure A, using acetate buffer (pH 4.6, 0.2 molar) instead 
of the ammonia solution. The prepurified resin thus obtained was suspended in 2 ml of ether and 
shaken for 15 min for desorption of the drugs. After centrifugation (5 min, 4000 rpm) the solvent 
was transferred into another polypropylene tube and evaporated under a stream of nitrogen at 
room temp. The residue was partitioned between 1 ml of the buffer and 2 ml of ether. The ether 
was evaporated and the residue was used for gas chromatography. 

Procedure C (other acidic drugs): The procedure C corresponds to procedure A using acetate 
buffer (pH 4.6, 0.2 molar) instead of the ammonia solution. 

Gas chromatography. Perkin Elmer F 22 gas chromatographs equipped with FID, ECD and 
nitrogen-phosphorous sensitive detector were used under the following conditions: carrier gas 40 ml 
of N2/min, ECD purge gas 70 ml/min of argon-methane (95:5), detector temp 320°C, injection 
port temp 30°C above the column temp, glass columns (200 x 0.3 cm); stationary phase: 3 % of SP 
2250 DA or 3 % of SP 2250 DB on Supelcoport 100/120 (Supelco Inc., Pens.) or 3 % OV-17 or 3 % 
SE 30 on Chromosorb W AW-DMCS 80/100. 

Derivatization Procedures 

Amphetamine: Acetylation with approx. 100 t~l of acetic acid anhydride-pyridine (1:1) 30 min at 
room temp. The solution was evaporated and the residue dissolved in methanol. 

Carbromah Reaction with dimethylformamide dimethylacetal 30 min at 100°C. The reagent 
was evaporated at room temp and the residue dissolved in methanol. 
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Fig. 1. Gas chromatograms obtained for titidine (a), glutethimide (b), and diphenythydantoLqe (c) 
after extraction from blood with Amberlite XAD-2. a 1 #g of tilidine/ml; GLC: SE 30, 180°C, 
nitrogen sensitive detector, b 10 /~g of glutethimide/ml; GLC: SE 30, 180°C, nitrogen sensitive 
detector, c 2 #g of diphenylhydantoine/ml; GLC: methylation, OV-17, 245°C, nitrogen specific 
detector 

Diphenylhydantoine and Glycodiazin: Methylation by reaction with 200 ~1 of an ethereal 
diazomethane solution for 20 rain at room temp. After evaporation of the solution the residue was 
dissolved in methanol. 

Tolbutamide, carbutamide, tolazamide, and chlorpropamide were reacted to the methyl- 
trifluoroacetyl derivatives according to Braselton et al. [11 ]. 

For calculation o f  the recoveries postmortem blood specimens were spiked with known 
amounts of drugs (1-10 ug/ml) and extracted as described above. After gas chromatography the 
peak heights of the drugs recovered were related in % to those obtained with known reference 
solutions. Quantitation of digoxin and t3-methyldigoxin was carried out by radioimmunoassay. 

Results 

Recoveries of the drugs examined after addition to postmortem blood specimens 
varied between 60-100  %. Details and analytical conditions are given in Table 1. The 
purity of the extracts finally obtained is demonstrated by the gas chromatograms in 
Fig. 1. Peaks corresponding to any of the drugs were not observed if blood was extracted 
by the procedure described here without prior addition of drugs. The reproducibility 
of the procedure was determined for 9 different drugs by extracting and subsequent 
quantitation of 10 samples in parallel. The coefficients of variation were found to be 
between 3 .7-8 % (Tab. 2). Recoveries did not depend on the absolute amounts of 
the drugs for concentrations between 1-100 /ag/ml as checked for methaqualone, 
tilidine, and pentobarbital. 

Discussion 

The use of the Amberlite XAD-2 resin for isolation of drugs allowed to avoid the draw- 
backs of  conventional solvent extraction or protein precipitation methods as there are 
significant substance losses, formation of emulsion, the need of large amounts of  
solvents and often time-consuming further purification steps. Application of the resin 
enables analysis of hemolyzed or putrid blood without additional problems. As 
compared to the column chromatographic XAD-2 extraction procedures described 
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Table 2. Reproducibility of the extraction procedure 
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Drug Concentration Detection CV 
(#g/ml) by 

Chlorpropamide a 10 GLC 4.2 % 
Diazepam 0.2 GLC 3.6 % 
Digoxin 0.002 radioisotope 3.8 % 

counting 
Glycodiazin a 10 GLC 8 % 
Methaqualone 2 GLC 3.7 % 
Pentobarbital 5 GLC 4.4 % 
Tilidine 2 GLC 8.9 % 
Tolazamide a 10 GLC 5.4 % 
Tolbutamide b 10 GLC 4.2 % 

CV = Coeffizient of variation calculated from 10 parallel measurements 
a Tolbutamide was used as internal standard 
b Chlorpropamide was used as internal standard 

previously [3 -6 ] ,  the batch procedure elaborated here needs definitely smaller amounts 
of  blood (1 ml or less) and reagents resulting in a high practicability (200 samples can 
be extracted within approx. 5 h by one technican). Thus, with respect to cost and 
time, this method is very useful for serial determinations and daily routine work. In 
this connection a note of  Missen [9] should be mentioned who compared an Amberlite 
XAD-2 batch procedure with charcoal and celite for the isolation of  diazepam and 
nitrazepam from blood. 

Optimal recoveries were obtained by careful selection of  the extraction condi- 
tions. A decrease of  the recovery was found if acidic drags were adsorbed to the resin 
from alkaline media or basic drags from acidic media, an effect already attributed 
by other authors [6, 12-17]  to be due to the unpolar structure of  the resin which 
preferably adsorbs unpolar unionisized compounds. Therefore, the drugs were divided 
into two groups, one containing the basic and neutral drags, which were adsorbed 
from alkaline blood, and another containing the acidic ones, which were adsorbed 
from slightly acidic blood. 

When comparing different solvents and techniques for desorption, best results 
were obtained when the resin was suspended in a buffer o f  pH 4.6 (acidic drugs) or 
aqueous ammonia (basic and neutral drugs) and subsequently extracted with ethyl 
acetate. Only for barbiturates, higher recoveries and purities o f  the final extracts were 
observed when the resin was directly extracted with ether. 

Apart from the barbiturates, after evaporation of  the solvent the extracts could 
be used directly for gas chromatography. Barbiturates had to be subjected to an 
additional solvent extraction step prior to gas chromatography to guarantee sufficient 
purity. Combined with the high sensitivity and specificity of  the electron capture and 
the phosphorous-nitrogen sensitive detector it was possible to determine even thera- 
peutic drug levels in 1 ml blood samples. 

For radioimmunological purposes some special advantages should be stressed: 
Radioimmunoassays with 14 C and 3 H tracer compounds cannot be directly applied to  
blood due to serious quenching problems. Radioimmunological results obtained when 
serum is directly used for the assay often show unsatisfactory reliability due to a high 
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unspecif ic prote in  binding. Both  o f  these problems can be solved by prepur i f ica t ion 

o f  the material  using the procedure  presented here. Fo r  serial de terminat ions  o f  diazepam 

in b lood  and serum this ex t rac t ion  procedure  was extensively studied and found  to be 
the m e t h o d  o f  choice  for  radioirnmunological  screenings [ 18 ]. 

The m e t h o d  presented here is t ime-saving and enables the isolat ion o f  a wide 

range o f  drugs f rom one ml  or less o f  b lood  wi th  high recovery and puri ty.  It  proved 

to be a good  too l  for the daily rout ine work  o f  clinical or  forensic toxicologists .  
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