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The Use of Buffered Celite Columns in Drug 
Extraction Techniques and Their Proposed 
Application in Forensic Toxicology 

Although forensic toxicology as a science has been with us for many years, problems 
are still encountered with quantitative drug extraction techniques from tissues. These 
techniques are important for, after death, tissue drug levels must be quantitated and 
interpretations made that may have important legal aspects. 

Many published methods have drawbacks such as final reductions to a small volume 
to minimize the loss of volatile compounds or the need for distillation of tissues; some 
methods are specifically for a single drug and have not been investigated for a large 
range of compounds [1-5]. These methods require extreme care to ensure accurate small 
volumes, take several hours for extractions, or require much tissue manipulation. It is 
because of these problems that investigations are being carried out to find an efficient, 
clean extraction procedure that will give good recoveries for most drugs that are readily 
available to the general public. 

The principle of the extraction technique used is based on a simple solvent extraction 
of  the drugs by elution through an acidic or basic buffered celite column. Quantitation 
is achieved by the addition of  a standard cholesterol solution at the final stage and 
analysis by temperature-programmed gas-liquid chromatography (GLC). The results are 
compared with standard solutions of the drugs under investigation containing the 
standard cholesterol solution. 

Materials and Methods 

A Hewlett-Packard Series 5700 A gas chromatograph equipped with a flame ionization 
detector was used. The column was a 4-ft (1.2-m) by 0.25-in. (6.35-mm) outside diameter 
glass coiled tube, packed with 3% OV-17 (Supelco) on Gas Chrom Q 80-100 mesh 
(Supelco). The instrument settings were as follows: injection port temperature, 300~ 
nitrogen carrier gas flow rate, 60 ml/min; hydrogen flow rate, 60 ml/min; and air flow 
rate, 240 ml/min. As we were using cholesterol as an internal standard all the work was 
carried out using a temperature program which was started at 150~ held for 2 rain, 
and then increased at 8~ to 290~ This temperature was then held isothermally 
for 8 min. 

The reagents used were 1M HC1, 1.834 H2SO4, 0.45M NaOH, 5M NaOH, sodium 
dihydrogen orthophosphate, disodium tetraborate (borax), celite 545 AW (Supelco), 
sodium carbonate, diethyl ether, dichloromethane, hexane, and acetonitrile. All reagents 
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used were of analytical grade and manufactured by British drug houses unless otherwise 
stated. 

All the drugs investigated were made up to an accurate concentration of 5 to 10 mg in 
10 ml of ethanol. Standard cholesterol solution was prepared at a concentration of 0.2 
g/litre in dichloromethane. 

Cefite Preparations 

Ten grams of disodium tetraborate was dissolved (with heating) in 50 ml water. The 
solution was added to 100 g celite 545 in a beaker and mixed well with a glass rod. The 
mixture was allowed to air dry for several days before use. This is referred to as borate/  
celite in the text. Ten grams of sodium dihydrogen orthophosphate was dissolved (with 
heating) in 50 ml water; this solution was added to 100 g celite 545 in a beaker and mixed 
well with a glass rod. The mixture was allowed to air dry for several days before use and 
is referred to as phosphate/celite in the text. 

Procedures 

Five extraction procedures have been investigated: Procedures 1 and 2 for basic drugs, 
Procedures 3 and 4 for acidic drugs, and Procedure 5 for neutral drugs. In a 100-ml 
beaker, 6 g borate/celite for basic or neutral drugs, or 6 g phosphate/celite for acidic 
drugs, is added to 4 ml water containing 40 ~zl (20 to 40 ~g) of the standard solution 
under examination. The contents are mixed well with a glass rod and transferred to a 
cotton-wool-plugged glass chromatography column, 30 cm long by 2 cm inside diameter. 
The column is tapped vertically on the bench to ensure good, even packing. 

Procedure 1--Diethyl ether is passed through the borate/celite column at a rate of 
approximately 4 ml/min and 30 ml is collected. The ether is extracted with 6 ml 1.8M 
H2804 and the acid is transferred to a 10-ml pointed centrifuge tube. This is now 
placed in a 60~ water bath with an air blow until the volume is reduced to approximately 
5 ml. This step ensures that any dissolved ether present is expelled. The solution is made 
alkaline by the addition of 4.5 ml 5M NaOH and cooled. A total of 200 ul of cholesterol 
standard in dichloromethane is added and then the tube is shaken vigorously by hand 
and centrifuged at 1000 rpm for 2 min. A 5-~1 sample is analyzed directly from the bot- 
tom organic layer and compared with a mixture of 1 ~zl of the standard and 5 ~1 of the 
cholesterol solution. 

Procedure 2--Diethyl  ether is passed through the borate/celite column at a rate of 
approximately 4 ml/min and 30 ml is collected. The ether is extracted with 6 ml 1.8M 
H2SO4. The acid is made alkaline with excess solid sodium carbonate and re-extracted 
with 30 ml diethyl ether. The ether is filtered into a tube, where 200 ~1 of standard 
cholesterol solution is added, and then taken to dryness. The residue is dissolved in 
200 ul ethanol, and 5 ~1 is injected onto the GLC for analysis. 

Procedure 3- - In  a 100-ml beaker, 6 g phosphate/celite is added to 4 ml water con- 
taining 40 ul of the standard solution under examination. The contents are mixed well 
and the column prepared as for Procedures 1 and 2. The column is washed with 30 ml 
hexane and the compounds are then eluted with dichloromethane at a rate of  approximately 
4 ml/min until 30 ml is collected. The dichloromethane is extracted with 10 ml 0.45M 
NaOH, the soda is made  acidic with 5 ml 1M HC1 and re-extracted with 30 ml dichloro- 
methane. The organic layer is filtered, 200 ~1 standard cholesterol is added, and the mixture 
is taken to dryness. The residue is dissolved in 200 ~zl ethanol for examination by GLC. 

Procedure 4--Diethyl ether is passed through the borate/celite column at a rate of 
approximately 4 ml/min and 30 ml is collected. The ether is extracted with 6 ml 1.8M 
H2804 and the acid is rejected. The ether is washed with 10 ml water, filtered, and taken 
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to dryness; the residue is redissolved in 10 ml acetonitrile saturated with hexane and 10 
ml of  hexane; the mixture is shaken; and the hexane is rejected. The acetonitrile is taken 
to dryness, redissolved in 20 ml dichloromethane and 10 ml 0.45M NaOH, and shaken 
well. The dichloromethane is rejected, 5 ml 1.0M HC1 is added to the alkali, and the 
mixture is extracted with 25 ml dichloromethane. This is filtered, 200 ul standard cholesterol 
is added, and the mixture is taken to dryness. The residue is dissolved in 200 ~1 ethanol 
for analysis by GLC. 

Procedure 5--Procedure 5 is the same as Procedure 4 except that the dichloromethane, 
after extraction with NaOH, is filtered and taken to dryness for the analysis of neutral 
drugs by GLC. 

Exam&ation of  Tables 

The results obtained from the behavior of each drug under the extraction procedures 
described are shown in Tables 1-3. Table 1 is a list for basic drugs, Table 2 for acidic 
drugs, and Table 3 for neutral drugs. 

For all tables a triple positive sign (+  + +)  indicated greater than 75% recovery, a 
double positive sign (+  +)  indicated 50 to 75% recovery, a single positive sign ( + )  in- 
dicated 10 to 50% recovery, and a negative sign ( - )  indicated less than 10% recovery. 
Indications are given where breakdown or volatility is suspected. 

Results 

Basic Drugs 

The use of a direct extraction step incorporating a small volume of organic solvent 
gave very good quantitative results for most of the basic drugs tested, including the 
volatile ones. Difficulty in quantitation by GLC may occur if there is a large excess of 
the basic compound over the internal standard used, but this could be compensated by 
adding a larger volume of the cholesterol solution and rerunning the sample on the GLC. 
Several drugs were found to be heat or acid labile, or both, in Procedure 1, but the heat- 
ing to remove dissolved ether must be included to obtain good quantitative results. Low 
results obtained for oxazepam and nitrazepam could be due to the high pH used in the 
direct extraction procedure, and possibly the use of carbonate solution to give a pH of 
approximately 10 would enhance their recoveries without detriment to the other bases. 

Procedure 2 is the method of preference as the sample may be taken to dryness and re- 
constituted to a known volume for quantitation isothermally after identification has 
been achieved on the temperature program. Unfortunately, the use of this procedure 
results in a significant loss of volatile drugs. 

Acidic Drugs 

The common acidic drugs are well extracted by both Procedures 3 and 4, but the 
recovery of several of the less common acids is poor. The use of the acidic phosphate/  
celite column does not significantly improve the recovery of acids. Specific methods of 
analysis for some of the less common acids in biological fluids have been published [6, 7] 
and may be applicable to tissue analysis with slight modifications using direct extrac- 
tions. 

Neutral Drugs 

Good recoveries of most neutral drugs have been found. It may be noted that the 
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T A B L E  1--Recoveries o f  basic drugs by Procedure 1, which incorporates extraction into a small 
volume, and by Procedure 2, where the extract is taken to dryness. 

Drug  P r o c e d u r e  1 P ro ced u re  2 

Alprenolo l  + + + + + + 
Ami t r ip ty l ine  + + + + + + 
A m p h e t a m i n e  + + + 
A t rop ine  + + + + + + 
Caf fe ine  + + 
Chlorcycl iz ine + + + + + + 
Chlord iazepox ide  + + + + + + 
Ch lo roqu ine  + + + + + + 
C h l o r p h e n t e r m i n e  + + + 
C h l o r p r o m a z i n e  + + + + + + 
Coca ine  + + + + 
Codeine  + + + + + + 
Des ip ramine  + + + + + + 
D e x t r o m o r a m i d e  + + + + + + 
D e x t r o p r o p o x y p h e n e  + + + + + + 
D i a z e p a m  + + + + + + 
Dibenzep in  + + + + + + 
Die thy lp rop ion  + + + 
D i p h e n h y d r a m i n e  + + + + + + 
Diphenylpyra l ine  * + + + 
Doxepin  + + + + + + 
Ephe d r ine  + + + 
F e n f l u r a m i n e  + + + ~: 
Hyosc ine  + + + + + + 
l m i p r a m i n e  + + + + + + 
Lidoea ine  + + + + + + 
M e d a z e p a m  + + + + + + 
Meper id ine  + + + + + + 
M e t h a d o n e  + + + + + + 
M e t h a q u a l o n e  + + + + + + 
M e t h a m p h e t a m i n e  + + + 
Methy lphen ida te  * :~ 
M o r p h i n e  - - 
Nicot ine  + + + 
Nike th imide  + + + 
N i t r a z e p a m  - + + + 
Nor t ryp ty l ine  + + + + + + 
O r p h e n a d r i n e  * + + + 
O x a z e p a m  - + + 
Oxprenolo l  + + + + + + 
Pen tazoc ine  + + + + + + 
P h e n i r a m i n e  + + + + + + 
P h e n m e t r a z i n e  + + + :~ 
P h e n t e r m i n e  + + + :~ 
P r o m a z i n e  + + + + + + 
Proper ic iaz ine  + + + + + + 
Pro t r ip ty l ine  + + + + + + 
Quinid ine  + + + + + + 
Quinine  + + + + + + 
St rychnine  + + + + + + 
Th ior idaz ine  + + + + 
T r a n y l c y p r o m i n e  + + + 2~ 
Tr i f luope raz ine  + + + + + + 
T r i m e p r a z i n e  + + + + + + 
T r i m i p r a m i n e  + + + + + + 

+ = 10 
+ +  = 50 

+ + +  = 7 5  

to 50% recovery .  
to 75% recovery .  
to 100% recovery .  

- = less t han  10%0 recovery .  
* = var iable  r ecovery  because  o f  h e a t / a c i d  lability. 
:~ = var iab le  recovery  because  o f  volati l i ty.  
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TABLE 2--Recovery of acidic drugs by Procedure 3, which consists of 
elution through a phosphate/celite column before extraction, and by 

Procedure 4, which consists of elution through a borate/celite column 
before extraction. 

Drug Procedure 3 Procedure 4 

Amobarbi tal  + + + + + + 
Butobarbital + + + + + + 
Diphenylhydantoin + + + + + + 
Ethosuximide :~ :~ 
Mephobarbital  + + + + + + 
Pentobarbital  + + + + + + 
Phenobarbital  + + + + + + 
Phenylbutazone - + 
Primidone + + 
Salicylamide + + - 
Secobarbital + + + + + + 
Sulthiame + + + 
Theophylline + - 

- = less than  10%recovery.  
+ = 10 to 50%recovery .  

+ + = 50 to 75%recovery .  
+ + + = 75 to 100%recovery.  

= variable recovery because of  volatility. 

TABLE 3--Recoveries of neutral drugs by Procedure 
5, which consists of a borate/celite system. 

Drug Procedure 5 

Caffeine 
Carbamazepine + + + 
Glutethimide + + + 
Meprobamate  + + + 
Mephenytoin + + + 
Methyprylon + + 
Oxyphencyclimine + 
Phenacetin + + + 
Primidone 

- = less than  10%recovery.  
+ = 10 to 50%recovery .  

+ + = 50 to 75%recovery .  
+ + + = 75 to 100%recovery.  

n o r m a l  h e x a n e / a l c o h o l / w a t e r  c l e a n - u p  p r o c e d u r e  ha s  been  s u b s t i t u t e d  by  h e x a n e / h e x a n e -  

s a t u r a t e d  ace ton i t r i l e .  It  was  f o u n d  t h a t  t h e  u se  o f  h e x a n e / a l c o h o l / w a t e r  gave  low re- 

cover ies  o f  m a n y  n e u t r a l  d rugs .  

T h e  cho ice  o f  so lven t s  is i m p e r a t i v e ,  f o r  i f  e the r  is u s e d  in t h e  f inal  s tage ,  n e u t r a l  

d r u g s  s u c h  as g l u t e t h i m i d e  a n d  m e p r o b a m a t e  a re  t r a n s f e r r e d  in to  t he  s o d i u m  h y d r o x i d e  

p h a s e  a n d  n o t  s e p a r a t e d  f r o m  t h e  acids .  It  m a y  be  n o t e d  t h a t  a c e t a m i n o p h e n  is n o t  

l is ted;  h o w e v e r ,  it is r ecove red  q u a n t i t a t i v e l y  f r o m  the  b o r a t e / c e l i t e  c o l u m n  a f t e r  e lu t ion  

wi th  e the r  a n d  r e m a i n s  in t he  ace ton i t r i l e  a f t e r  w a s h i n g  wi th  h e x a n e .  I f  it is to  be  

q u a n t i t a t e d ,  t he  ace ton i t r i l e  c a n  be  t a k e n  to  d r y n e s s ,  a n d  t he  a c e t a m i n o p h e n  ace ty l a t ed  

[8] a n d  a n a l y z e d  w i t h o u t  s e p a r a t i o n  o f  t he  ac id  f r ac t i on .  
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A p p l i c a t i o n  and Discuss ion  

The aim of these experiments was to develop a rapid and efficient procedure for the 
estimation of drugs in tissues. A number of papers have been published for urine 
screening using single solvent extraction at pH 9.5. Either sodium borate [9] or am- 
monium hydroxide/chloride [10] was used to attain this pH. We have found borate to'be 
suitable, giving good recoveries of most acidic, basic, and neutral drugs. A number of 
different solvents have been used, including chloroform, hexane, and ethyl acetate, but 
ether has proved to be the best and most consistent. Several of the procedures have been 
joined into a single extraction step using only 5 g of tissue. The proposed method is 
shown in Fig. 1. The addition of sodium sulfate enhances the solvent elution through 
the column, especially when fatty tissue or bile is used. 

r 
H2SO 4 

Examine for BASES as 
Procedure i if volatiles are present 
Procedure 2 if volatiles are absent 

t 
Dichloromethane/CE3C~q 
Examine for NEUTRALS 

5 g tissue + I0 g Na2SO4OH20 + 6 g borate/celite 

I 
Elute with diethyl ether at approx 4 ml/min 

I 
Extract with 2X 10 ml 1.8 M H2SO4, centrifuge aqueous 

layers and remove excess ether 

I 
Ether 

Wash with i0 ml saturated saline 
and reject aqueous layer. Evaporate 
ether to dryness; dissolve in I0 ml 
hexane-saturated acetonitrile and 
i0 ml hexane; mix well 

I 
I I 

Acetonitrile Hexane 

Rewash with i0 ml hexane 
and reject hexane. Add 
a mixture of 30 ml 
dichloromethane and i0 ml 
0.45 M NaOH. Shake and 
een tri fuge 

.I 

Reject 

. . . .  ] 

NaOH 
Add 5 ml 1.0 M HCI 
and extract with 
di chlo romet hane 

I, 
i .... I 

Dichlo romet hane Aqueo us 
Examine for ACIDS Reject 

FIG. 1--Proposed procedure for the analysis of  acidic, basic, and neutral drugs in tissues. 

A series of recoveries has been carried out from liver samples with a variety of drugs 
added at a level of 1 mg/100 g. The drugs include amobarbital, pentobarbital, pheno- 
barbital, diphenylhydantoin, glutethimide, diphenhydramine, methaqualone, amitriptyline, 
nortriptyline, oxazepam, diazepam, dibenzepin, quinine, strychnine, and chlorpromazine. 
In all cases the recoveries of the drugs were similar to those obtained using the aqueous 
reference standards (Tables 1-3). 

Many proposed methods give good recoveries from aqueous solutions, or from 
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biological samples with drugs added to them, but the criteria and test of a procedure 
must ultimately be carried out in comparison with other methods on actual postmortem 
tissues from overdose cases. Detailed further studies of these comparisons are in prepara- 
tion and will be reported subsequently. At present, the results obtained have been re- 
producible and in most cases much greater than when using conventional methods, in- 
cluding the direct extraction technique [11]. The advantages of the proposed technique 
are that little tissue manipulation or expertise is required; small sample weights and small 
volumes of solvents are acceptable; and rapid and good recoveries of a large number of 
drugs, including those that are volatile, are achieved. These assets make the method 
suitable for routine work in forensic toxicology. 

Summary 

The recoveries of acidic, basic, and neutral drugs through buffered celite columns are 
reported. The methods are rapid, simple, clean, and efficient, especially with compounds 
having a high volatility. 
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