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ABSTRACT: A single-column solid-phase extraction procedure was developed for the screen- 
ing of acidic, neutral, and basic drugs from plasma. The recoveries of all 25 tested drugs 
exceeded 82%. After the plasma had been diluted with phosphate buffer (pH 6.0), the drugs 
were extracted using a single Bond Elut Certify column. The acidic and most of the neutral 
drugs were eluted by acetone/chloroform (1:1) and the basic drugs were eluted by 2% am- 
moniated ethyl acetate. Some neutral drugs appeared in both fractions. The two fractions 
were collected separately and evaporated until approximately 100 ixL of solvent remained in 
the tube. Both fractions were analyzed separately on a gas chromatograph equipped with a 
wide-bore capillary column and a flame ionization detector. The procedure could also be 
used for urine samples. 
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Over the past decade, solid-phase extraction (SPE) has emerged as a powerful tech- 
nique for the pretreatment of biological samples for clinical and toxicological drug analysis 
[1-4]. SPE offers several distinct advantages over traditional liquid-liquid extraction. 
The main advantages are higher selectivity, since a large number of sorbents and solvents 
can be chosen for various applications; cleaner extracts, since the analytes can be selec- 
tively retained on and eluted from the column; and more reproducible results, since SPE 
is based on specific molecular interactions. In addition, the easy use of the columns allows 
large numbers of samples to be processed, and the procedure can be automated. The 
majority of publications have been geared toward the extraction of individual drugs or 
groups of related drugs [5-14]. In systematic toxicological analysis (STA), however, one 
of the main purposes is screening analysis. It is, therefore, desirable to develop an SPE 
procedure that can be used for the extraction of a wide range of drugs. So far, very few 
reports on the screening of various classes of drugs have been published. 
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Recently, a procedure has been developed for the screening of acidic, neutral, and 
basic drugs in urine by using a single copolymeric SPE column [15]. Unfortunately, data 
for benzodiazepines, an important class of drugs in both forensic science and clinical 
cases, were not given. Bond Elut Certify columns, which contain a proprietary bonded 
silica sorbent that exhibits a unique hydrophobic ion-exchange extraction mechanism, 
was originally developed for extraction of drugs of abuse from urine, using separate 
procedures for such different classes of drugs as amphetamines, barbiturates, and opiates 
[16,17]. In this study, the use of Bond Elut Certify columns was investigated for the 
extraction of a broad selection of acidic, neutral, and basic drugs from plasma within 
one run. The drugs were eluted into two groups, according to their physical properties, 
and analyzed subsequently by gas chromatography. The method described here is a 
continuation of an earlier study by the authors of this paper with a limited number of 
drugs [18]. It was prompted by the fact that the earlier method gave recoveries that were 
too low and irreproducible when the selection of tested drugs was extended. 

Materials and Methods 

Materials 

All chemicals and solvents were of analytical grade (Merck, Darmstadt, Germany) 
with the exception of ammonia (33%), which was of extra-pure quality (Merck). Bond 
Elut Certify columns with a capacity of 10 mL were obtained from Analytichem Inter- 
national (Harbor City, California), and the Baker-10 SPE vacuum manifold system, which 
can accept ten SPE columns simultaneously, was purchased from J. T. Baker (Phillips- 
burg, New Jersey). A UniVap centrifuge concentrator purchased from UniEqip (Mar- 
tinsried, Germany) was equipped with a vacuum pump (GeneVac, Ipswich, England). 
Phosphate buffer (0.1M) was prepared by dissolving 6.81 g of potassium dihydrogen 
phosphate into 450 mL of deionized water, adjusting the pH to 6.0 (-+0.1) with 1.0M 
potassium hydroxide, and making the total volume up to 500 mL with deionized water. 
The 0.01M acetic acid solution was prepared by mixing 57.5 IxL of glacial acetic acid 
with 100 mL of deionized water. Ammoniated ethyl acetate (2%) was prepared daily by 
adding 1 mL of ammonia to 49 mL of ethyl acetate. The mixture was sonicated for 5 
min before use. A chromatographic standard solution was prepared by dissolving the 
appropriate amount of prazepam in methanol/ethyl acetate (1:1) to make the solution 
equivalent to 200 Ixg/mL. 

Instrumentation 

The analysis was performed with a Hewlett-Packard Model 5880 gas chromatograph 
(Avondale, Pennsylvania), equipped with a Hewlett-Packard 7671 A automatic sampler, 
a 5880 A gas-chromatograph (GC) terminal, and a flame ionization detector (FID). The 
column was a 30-m HP-1, fused-silica wide-bore capillary column (0.53 mm in inside 
diameter, with a film thickness of 0.88 Ixm, by Hewlett-Packard). The oven temperature 
program was 2 min at 80~ 20~ to 215~ 5~ to 285~ and 2 min at 285~ 
The injector and detector temperatures were 275 and 310~ respectively. The injection 
port was in the splitless mode. 

Extraction Procedure 

Citrated calf plasma (2 mL) or urine (2 mL), which had been spiked with the appropriate 
drugs (10 Ixg/mL), was diluted with phosphate buffer (6 mL), and the mixture was 
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vortexed to ensure homogeneity. The concentration of 10 txg/mL was chosen for analytical 
convenience as well as to represent toxicologically relevant levels for most of the drugs. 
The extraction procedure is described in Fig. 1. 

Results and Discussion 

Column Preconditioning 

The column was preconditioned with 2 mL of methanol, followed by 2 mL of phosphate 
buffer to solvate the sorbent of the column and prepare it to receive an aqueous sample. 
It must be mentioned that the column must not become dry before application of the 
sample, or low and irreproducible recoveries will result. 

Sample Application 

In order to prevent clogging of the column, the plasma was diluted with phosphate 
buffer. For purposes of screening, the flow of the sample through the column should not 
be too fast in order to ensure that the drug present in the sample is retained on the 
column completely. In the experiment, the flow rate was controlled at approximately 1.5 
mL/min. 
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2 mL methanol, 2 mL phosphate buffer 
2 mL/min light vacuum (6.8xlO -2 bar or 
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8 ml diluted sample 
1.5 mL/min (8.5xi0 -2 bar or 2.5 in. Hg) 

i mL deionized water 1.5 mL/min 

0.5 mL 0.01 M acetic acid 1.5 mL/min 

4 min vacuum (5.1xlO -2 bar or 15 in. Hg) 
50 #L methanol no vacuum 
i min vacuum (5.1xlO "2 bar or 15 in. Hg) 

4 mL acetone-chloroform (i:i) 0.8 mL/min 
light vacuum ( 3.4xi0 "2 bar or i in. Hg) 

2 mL 29 ammoniated ethyl acetate 
0.5 mL/min no vacuum 

add I00 ~L prazepam solution (200)~g/mL) 
to each fraction, evaporate at 40 *C under 
nitrogen until IO0~L remains 

inject 1-2 #L of each fraction into GC 

FIG. l--Extraction scheme for plasma on Bond Elut Certify columns. 
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Column Wash 

Washing with 1 mL of deionized water was found to be adequate to remove interfer- 
ences from the column without affecting drug recoveries. Figure 2 (top) illustrates the 
cleanliness of blank plasma extracts, where Graph a represents the acetone/chloroform 
fraction (Fraction A) and Graph b the ammoniated ethyl acetate fraction (Fraction B). 
The small peak present in the chromatogram of Fraction A was due to plasma cholesterol, 
and the small peak present in the chromatogram of Fraction B was also caused by plasma 
or by urine, but has not been identified yet. 

pH Adjustment 

Many toxicologically relevant drugs are acids or bases, and it can hence be anticipated 
that their column retention and elution behavior can be affected by the pH of the 
extraction system. Based on this principle, an attempt was made to elute the drugs 
selectively from the column by adjusting the pH. It was observed that, because of the 
different pK,  values of the drugs, at one pH value, the tested drugs were difficult to 
separate entirely into two groups. However,  it appeared possible to select a pH value 
for the extraction system so that most of the drugs could be classified. Various pH values 
for the system were tested, and it was found that 0.5 mL of 0.01M acetic acid (pH 3.3) 
was a suitable choice. Under this pH condition, acidic and neutral drugs behave as 
relatively nonpolar compounds, which are retained on the column by the hydrophobic 
groups of sorbent, while basic drugs behave as charged compounds, which are absorbed 
by the negative ionic groups of the sorbent. 

Column Drying 

In our primary study, 1 mL of hexane was used for displacing traces of absorbed water 
from the column [18]. Although this worked well for nitrazepam, we found that another 
benzodiazepine, lorazepam, was lost when the column was dried with hexane. Therefore, 
methanol (50 txL) was employed for removing the residual water, which resulted in a 
"dry" eluate without inappropriate elution of benzodiazepines. 

Elution of Fraction A 

Several solvents, including methylene chloride, chloroform, acetone, and mixtures of 
compounds were tested for optimal elution efficiency for acidic and neutral drugs. Ace- 
tone/chloroform mixtures were found to be the most efficient. Figure 3 presents the 
relationship between the recoveries of some barbiturates and benzodiazepines and the 
percentage of acetone in chloroform. The recoveries show that, using 30 to 70% of 
acetone in chloroform, more than 89% of each tested drug was recovered. Therefore, 
50% was chosen as the percentage of acetone in chloroform. The elution curves of the 
barbiturates and benzodiazepines by various volumes of 1:1 acetone/chloroform are shown 
in Fig. 4. It can be seen that 3 to 5 mL of elution solvent are adequate for eluting the 
drugs, with recoveries of the tested drugs higher than 93%. A volume of 4 mL was 
selected for the elution solvent for acidic and neutral drugs. 

Elution of Fraction B 

It was found that there was too much water present in Fraction B when ethyl acetate 
contained more than 3 % ammonia. This damaged the gas chromatograph column. There- 
fore, 2% ammoniated ethyl acetate was used as the elution solvent for basic drugs. Figure 
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FIG. 2--Chromatograms o f  (top) blank calf plasma and (bottom) spiked calf plasma, 10 ixg/mL 
o f  each drug: (a) Fraction A,  (b) Fraction B. Key: 1 = methamphetamine; 2 = hexobarbital; 3 = 
mepivacaine; 4 = trimipramine; 5 = tevallorphan; 6 = lorazepam; 7 = prazepam (chromatographic 
standard); and I = impurity. 
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FIG. 3--Influence of  the percentage of acetone in chloroform on the recovery of  some acidic and 
neutral drugs from spiked plasma; 4 mL of elution solvent was used. Key: �9 = pentobarbital; + = 
secobarbital; [] = oxazepam; X = lorazepam. 

5 shows the recoveries of some basic drugs eluting with various volumes of 2% ammon- 
iated ethyl acetate. Although 2 to 4 mL of elution solvent can be used for eluting 
methamphetamine, cocaine, and imipramine, 2 mL is the best choice, since the recovery 
of amphetamine decreased when more than 2 mL of elution solvent was used. 

Because of the strong absorption of morphine on the Bond Elut Certify column, two 
applications, each of 2 mL of ammoniated ethyl acetate were required for eluting mor- 
phine completely. Figure 6 illustrates the elution of morphine from a Bond Elut Certify 
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FIG. 4--Relationship between the recovery o f  some acidic and neutral drugs from spiked plasma 
and the volume of 1:1 acetone~chloroform. Key: �9 = pentobarbital; + = secobarbital; [] = oxa- 
zepam; X = lorazepam. 
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FIG. 5--Relationship between the recoveries of basic drugs from spiked plasma and the volume 
of 2% ammoniated ethyl acetate. Key: [] = amphetamine; Q = rnethamphetamine; + = cocaine; 
* = imipramine. 

column. Only 62% of the morphine was obtained when using 2 mL of ammoniated ethyl 
acetate once. The recovery was improved by increasing the volume of the elution solvent. 
The best way was using 2 mL of ammoniated ethyl acetate twice, and a recovery of 
97.8% was obtained. It is interesting to note that 2 mL of elution liquid used twice yielded 
higher recovery than 4 mL used once. It may be anticipated that other polar basic 
substances will also require two applications of 2 mL of ammoniated ethyl acetate. 

The time needed for the preconditioning of the columns plus the elution is approxi- 
mately 30 min when ten columns are being used simultaneously. 
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FIG. 6--Recovery of  morphine from spiked calf plasma on Bond Elut Certify column by various 
of  elution methods. The concentration of morphine in plasma was 10 p,g/mL. 
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Evaporation 

It must be mentioned that neither fraction should be evaporated to dryness, otherwise 
some of the more volatile drugs, such as amphetamines, metharbital, and probarbital, 
will be lost in the evaporation step. Therefore, the evaporation was stopped when ap- 
proximately 100 IxL of eluate remained in the tube. The time needed for evaporation 
was about 25 rain. 

It was found that some of the benzodiazepines, such as lorazepam and oxazepam, 
disappeared during the evaporation under alkaline condition when the two fractions were 
collected together, according to our primary procedure [18]. The problem was overcome 
by keeping the two fractions separated (see Table 1). 

In our study, the possibility of using a UniVap centrifuge concentrator for evaporation 
was investigated. The concentration was performed at 30~ under vacuum until approx- 
imately 100 IxL of eluate remained in the tube, which took about 20 min. The results 
are listed in Table 2. Compared with those in Table 1, the recoveries of the tested drugs 
tend to be lower with the UniVap centrifuge concentrator. However, the results are still 
acceptable. The UniVap concentrator is especially useful for larger numbers of samples. 

TABLE 1--Recoveries for 25 drugs after extraction from calf plasma by means of Bond Elut 
Certify columns. 

Recovery (n --- 5), % Total Relative 
Recovery, Standard 

Drug Fraction A Fraction B % Deviation 

Metharbital 95.1 ND" 95.1 4.5 
Probarbital 82.4 ND 82.4 10.2 
Pentobarbital 100.2 ND 100.2 6.3 
Butalbital 93.3 ND 93.3 5.4 
Secobarbital 100.6 ND 100.6 3.8 
Hexobarbital 96.1 ND 96.1 5.0 
Heptabarbital 100.5 ND 100.5 2.7 
Oxazepam 91.1 ND 91.1 5.4 
Lorazepam 93.8 ND 93.8 7.0 
Diazepam 83.9 14.6 98.5 1.9 
Clonazepam 87.1 ND 87.1 3.8 
Nitrazepam 58.6 35.2 93.8 7.2 
Methaqualone 87.0 11.8 98.8 4.9 
Meprobamate 99.2 ND 99.2 5.5 
Amphetamine ND 98.9 98.9 8.9 
Methamphetamine ND 90.2 90.2 6.8 
Mepivacaine ND 103.7 103.7 4.2 
Trimipramine ND 105.5 105.5 3.5 
Levallorphan ND 101.6 101.6 4.0 
Procaine ND 98.6 98.6 5.0 
Promethazine ND 95.6 95.6 5.3 
Cocaine ND 96,2 96,2 6,2 
Imipramine ND 94.4 94.4 3.5 
Codeine ND 92.3 92.3 2,5 
Morphine ND 97.8 b 97.8 5.2 

"ND = not detected. 
bEluted with two times 2 mL of 2% ammoniated ethyl acetate. The first 2 mL of solvent eluted 

61.9% of the morphine, and the second eluted 35.9% of the morphine, 
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TABLE 2--Recoveries for 11 drugs after extraction from calf plasma by means of Bond Elut 
Certify columns and evaporated by a UniVap concentrator centrifuge. 

Recovery (n = 3), % Total Relative 
Recovery, Standard 

Drug Fraction A Fraction B % Deviation 

Butalbital 86.1 ND a 86.1 4.0 
Pentobarbital 87.4 ND 87.4 3.5 
Secobarbital 98.2 ND 98.2 6.2 
Hexobarbital 95.6 ND 95.6 5.3 
Heptabarbital 98.5 ND 98.5 3.2 
Clonazepam 99.6 ND 99.6 6.8 
Methamphetamine ND 88.2 88.2 4.7 
Mepivacaine ND 103.0 103.0 3.4 
Cocaine ND 90.2 90.2 2.9 
Imipramine ND 95.1 95.1 6.6 
Levallorphan ND 95.4 95.4 5.4 

"ND = not detected. 

GC Analysis 

The recovery data for 25 tested drugs are presented in Table 1. The range of recoveries 
is between 82.4 and 105.5%, with a relative standard deviation of less than 10%. All of 
the acidic and most of the neutral drugs were present in Fraction A, while the basic drugs 
were present in Fraction B. Yet, three of the neutral drugs, methaqualone, diazepam, 
and nitrazepam (the pKa values of which are 2.5, 3.3, and 3.2, respectively), with pKa 
values close to the p i t  of the acidic extraction system (3.3) were present in both Fractions 
A and B. 

Thus, by employing Bond Elut Certify column, most of the drugs can be eluted into 
two groups. This classification into two groups according to the chemical characteristics 
of the substances is caused by the special character of the Bond Elut Certify material,  
which cannot be obtained with a column material with a single functional group sorbent. 

Figure 2 (bottom) presents the typical chromatograms of spiked plasma, where Graph 
a represents the extract of Fraction A and Graph b represents that of Fraction B. The 
results in Table I indicate that, in the screening of an unknown sample, the drug present 
in Fraction A should be an acidic or neutral one and that in Fraction B should be a basic 
one. When a drug is found in both fractions with the same retention index (RI),  this 
substance is likely to be a drug whose pK,  is close to the pH of the extraction system. 

The advantage of two separate fractions is that two drugs that have similar retention 
times but different physical properties can be separated into two fractions. For instance, 
the retention indices of heptabarbital and mepivacaine are 2059 and 2071, respectively 
[19], and their peaks will overlap or coincide under usual gas chromatography conditions. 
As shown in Table 1, heptabarbital was present in Fraction A,  while mepivacaine was 
present in Fraction B, so no interference occurred. Another  pair of drugs is oxazepam 
and levallorphan, their retention indices being 2336 and 2360, respectively [19]. 

Although the extraction procedure was developed primarily for use with plasma spec- 
imens, it could also be used for human urine without any modification. The recoveries 
from spiked human urine and the relative standard deviations for a number of drugs are 
shown in Table 3. The recoveries of the tested drugs were over 97%, with good repro- 
ducibility. The chromatograms were as clean as those produced by the extracts from 
plasma (Fig. 7). 
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TABLE 3--Recoveries for seven drugs after extraction from human urine by means of  Bond Elut 
Certify columns. 

Recovery (n = 4), % Total Relative 
Recovery, Standard 

Drug Fraction A Fraction B % Deviation 

Pentobarbital 97.0 ND" 97.0 4.5 
Secobarbital 97.1 ND 97.1 2.0 
Hexobarbital 99.2 ND 99.2 1.6 
Diazepam 65.5 32.5 98.0 5.0 
Methamphetamine ND 97.9 97.9 5.7 
Mepivacaine ND 104.3 104.3 2.7 
Imipramine ND 101.7 101.7 1.9 

aND = not detected. 

Conclusions 

The results of this study indicate that the developed procedure is an effective extraction 
method in STA. According to their physical properties, the drugs were classified into 
two groups: acidics and neutrals on the one hand, and basics on the other hand. The 
acidic and most of the neutral drugs were present in Fraction A, while basic drugs were 
eluted in Fraction B. A drug present in both fractions should be one whose pKa is close 
to the pH of the system. Clean extracts were obtained as well as excellent recoveries. 
Evaluation of this procedure for lower concentrations is in progress. 
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Fraction B. Key: 1 = methamphetamine; 2 = pentobarbital; 3 = secobarbital; 4 = hexobarbital; 5 
= mepivacaine; 6 = imipramine; 7 = diazepam; 8 = prazepam (chromatographic standard); and 
1 = impurity. 
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