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Quantitative GLC Determination of Codeine in Plasma 

RUTH A. ZWEIDINGER x, F. M. WEINBERG *, and R. W. HANDY 

Abstract A sensitive and accurate GLC method for quantitating 
codeine in plasma a t  levels of 50 ng/ml, with limits of detection as 
low as 5 ng/ml, is described. 

Keyphrases Codeine-GLC analysis, n -butyl chloride extrac- 
tion, plasma GLC-analysis, codeine in plasma 

Codeine has long been used as  an analgesic in 
pharmaceutical preparations. Because of the recent 
interest in drug efficacy and bioavailability, a sensi- 
tive method for determining low nanogram quantities 
in plasma is needed. Several methods for the analysis 
of codeine in urine have been developed for the study 
of its metabolism and for forensic purposes (1-3). 
However, the levels found in urine are many times 
greater than those found in plasma, so these methods 
are generally not applicable in plasma analysis. 

Schmerzler et al. (4) reported a GLC method for 
codeine in serum (and urine) of adequate sensitivity. 
This method has two serious drawbacks: the tenden- 
cy for chloroform to form emulsions, especially with 
serum or plasma, and a variable recovery of codeine 
in the extraction procedure. 

In this study, n-hutyl chloride, which does not 
readily form emulsions with plasma, was used in 
place of chloroform. Dihydrocodeinone was added to  
the plasma to  serve as an internal standard for both 
the extraction procedure and GLC quantitation. 

EXPERIMENTAL 

Apparatus-A gas chromatograph’ with a flame-ionization de- 
tector was used. 

Reagents-n-Butyl chloride? saturated with water was used for 
all extractions. Dihydrocodeinone was synthesized in this laborato- 
ry from thehaine by a two-step procedure (5). The water used to 
prepare aqueous reagents was checked to ensure low GLC back- 
ground; all other solvents and chemicals were reagent grade. 

Glassware was oven cleaned a t  400’ (6), silanized with 5% di- 
rnethyldichlorosilane in toluene, and rinsed with toluene and 

Table I-Recoveries of Codeine Added to Plasma 

Codeine Added to 
Plasma, ng/ml Codeine Found“,  ng/ml 

0 
50 

100 

NDb 
48 t 2 ( n  = 2 )  

105 t 7 ( n  = 3 )  
0 Corrccted f o r  thc  calculated extraction recovery.  b N o t  dctccted. 

methanol. Immediately before use, the glassware was rinsed with 
chloroform to maintain a low GLC background. Chromatographic 
grade carbon disulfide? was used for GLC. 

Procedure-To 2.0 ml of plasma was added 1 Mg of dihydroco- 
deinone internal standard in aqueous solution. The plasma was 
made alkaline with 0.10 ml of 1 N NaOH and extracted twice with 
2 ml of butyl chloride on a reciprocal shaker a t  60 cpm for 20 min. 
The organic fractions were combined, a 0.5-ml aliquot of 0.05 N 
H2S04 was added, and the solution was shaken for 20 min. Then 
the organic layer was discarded, and the aqueous phase was 
washed with an additional 1 ml of butyl chloride. The aqueous 
layer then was made alkaline with 0.05 ml of 1 N NaOH and ex- 
tracted twice with 1 ml of butyl chloride. 

The organic layers were combined in a conical vial, and the sol- 
vent was evaporated immediately before GLC analysis. The resi- 
due was taken up in 10 MI of carbon disulfide, and 2 ~1 was injected 
for GLC analyses. The column used was a 1.8-m (6-ft), 2.5-mm i.d., 
silanized glass column with 2% (w/w) XE-60 on acid-washed Anak- 
rom A (90-100 mesh). 

The temperatures were: injector, 250’; column, 230’; and detec- 
tor, 250O. The nitrogen carrier gas flow rate was 20 ml/min. The 
ratio of the codeine to dihydrocodeine peak areas was compared to 
a standard curve; peak areas were measured by peak height times 
width a t  half-height. 

RESULTS AND DISCUSSION 

The objective of this study was to devise a method that was ac- 
curate and precise without requiring inordinate amounts of time 
for evaluation of recoveries. Several codeine analogs were consid- 
ered as possible internal standards. Of these, morphine and norco- 
deine could not be used since they are major metabolites of co- 
deine (7). Dihydrocodeine and codeine were unresolved by GLC on 
OV-17 or XE-60. Since dihydrocodeinone was well resolved on 
both columns and had a relative retention time of 1.67 (codeine = 
1.0) on the XE-60 column, it was the choice as an internal stan- 
dard. With the use of dihydrocodeinone, this procedure is nearly 

’ Fisher Victnreen series 4400. 
Hurdick and .Jackson. :I Fisher. 
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Figure I-Gas-liquid chromatograms of plasma extract. Key: a, blank; b, 10 min after oral dose of codeine (14 nglml codeine); c, 40 min 
after oral dose of codeine (181 ng/ml codeine); C ,  codeine; and D, dihydrocodeinone. 

independent of recovery so long as sufficient material is available 
for GLC detection. 

The distribution coefficient for codeine between n-butyl chlo- 
ride and aqueous base was found to be 2. On this basis, a theoreti- 
cal maximum recovery of 85% would be predicted from the de- 
scribed extraction procedure. In a similar manner, a 99.5% recov- 
ery would be predicted for dihydrocodeinone (partition coefficient 
= 14). Recoveries of codeine relative to the internal standard are 
calculated to be 86% based on the partition coefficients; this value 
correlates well with the observed recoveries (averaging 87.6 f 
7.8%) obtained by GLC analysis (Table I). Quantitation was possi- 
ble a t  the 5O-ng/ml level as indicated, but limits of detection as low 
as 5 ng/ml were obtained when detector noise was optimal. 

Although the amount of internal standard used is larger than 
the amounts of codeine encountered in plasma samples, the validi- 
ty of this approach was demonstrated by the linearity of the cali- 
bration curve obtained from standard mixtures of codeine and 
dihydrocodeinone (r = 0.99997). An intercept for the calibration 
curve a t  5 ng/ml correlated well with the observed limit of detec- 
tion. Over the concentration range from 50 to 250 ng/ml plasma, 

the slope of the calibration curve including the factor for the calcu- 
lated recovery was 0.000815 (peak area ratio versus nanograms of 
codeine per milliliter of plasma). This standard curve was used for 
the determination of the samples. Standard deviations for dupli- 
cate injections averaged 3% for eight standard mixtures in the co- 
deine concentration range between 50 and 250 ng/ml. Standards 
chromatographed over 8 days gave standard deviations between 
days of not greater than 3.1%. Table I lists the results of the analy- 
sis of codeine added to plasma. 

Figure 1 shows GLC tracings of codeine in, the plasma of a 
subject 10 and 40 min after an oral dose of two tablets containing 
65 mg of codeine as well as the plasma blank. The plasma codeine 
levels as a function of time for this subject are shown in Fig. 2. The 
standard deviations indicated are for duplicate injections of the 
same sample. 

Some practical benefits are obtained using n-butyl chloride as 
the extraction solvent, including lower background, greatly re- 
duced tendency to form emulsions, cleaner solvent-water inter- 
faces, and the fact that only the upper phase must be transferred. 
This added convenience permits a set of 20 samples to  be prepared 
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Figure 2-Plasma codeine levels after an  oral dose of two tablets 
containing 6.5 mg of codeine. 

for GLC analysis in an 8-hr day. The chromatography of the sam- 
ples requires approximately the same time. Precision for codeine 
determination was 7% for levels of 50 ng/ml or greater. 
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Aqueous Solubility of 14C-Triamcinolone Acetonide 

CHARANJIT RAI BEHL, LAWRENCE H. BLOCK", and 
MITCHELL L. BORKE 

Abstract 0 The blue tetrazolium colorimetric assay has often 
been employed in the analysis of corticosteroids. However, the re- 
action between blue tetrazolium and corticosteroids partly de- 
pends on the apparent pH of the system. In an earlier study of the 
temperature dependence of the solubility and dissolution of triam- 
cinolone acetonide in aqueous dissolution media (distilled water 
and 0.2-1.0 M potassium chloride solutions), pH was not consid- 
ered. To determine the reliability of the data previously reported, 
the solubility of '"C-triamcinolone acetonide was determined by a 
radioisotopic method. The results of the analyses, using a liquid 
scintillation counting system, indicate that the steroid solubility is 
generally about 20% lower than that reported previously. 

Keyphrases 0 Triamcinolone acetonide, 14C-labeled-synthe- 
sized, aqueous solubility determined, radioisotopic method Ra- 
dioisotopic methods-determination of aqueous solubility of I4C- 
triamcinolone acetonide Glucocorticoids-'4C-triamcinolone 
acetonide, synthesis, aqueous solubility determined, radioisotopic 
method Solubility, aque~us-'~C-triamcinolone acetonide, ra- 
dioisotopic method 

In a previous report from these laboratories (l), 
data were presented for the dissolution and solubility 
of triamcinolone acetonide in aqueous media. The 
data were obtained from the colorimetric determina- 
tion of steroid concentration. The pH of the aqueous 
dissolution systems employed was not considered. 

Graham and Kenner (2) studied the parameters af- 
fecting the chemical reaction involved in the colori- 
metric assay of triamcinolone acetonide and indicat- 
ed a dependence of absorbance on the apparent pH 

of the system. Thus, the colorimetric process em- 
ployed might have involved some error, particularly 
when the measured absorbance was relatively low. To 
define more precisely the solubility of the steroid in 
aqueous media, '*C-labeled triamcinolone acetonide 
was synthesized and its aqueous solubility was deter- 
mined by measuring the associated radioactivity. 

EXPERIMENTAL 

Materials-The following were used as received: concentrated 
perchloric acid (70%)', spectrophotometric grade acetone2, ani- 
sole?, ethanol?, ether", dioxane', 1,4-bis[2-(5-phenyloxazolyl)]- 
benzene', potassium chloride', 2,5-diphenyloxazole2, sodium bicar- 
bonate2, l,3-'4C-acetone3, '"C-benzoic acid4, triamcinolone aceton- 
ides, triamcinolone alcohol5, l,2-dimethoxane6, recrystallized blue 
tetrazolium', chloroform2, toluene', sodium hydroxide', and rneth- 
anol'. 

Solutions-A stock solution of 1,3-'"CC-acetone was diluted with 
acetone to yield a solution with a specific activity of 3.02 X lo7 
dpm/ml. A liquid scintillation solution was prepared by dissolving 
12 g of 2,5-diphenyloxazole and 0.5 g of 1,4-bis[2-(.5-phenylnxazol- 
yl)]henzene in 750 ml of dioxane, along with 125 ml of anisole and 
125 ml of 1.2-dimethoxane. A standard solution of '%-benzoic acid 
was prepared to provide suitable specific activity. 

1 Allied Chemicals, General Chemical Division, Morristown, N.J. 

:' ICN Chemical and Radioisotope Division, Irvine, Calif. 

"quihb Insti tute for Medical Research, E.R. Squibb and Sons, New 

fi Eastman Organic Chemicals, Rochester, N.Y. 

Fisher Scientific Co.. Fair Lawn, N.d. 

New England Nuclear Corp., Boston, Mass. 

Brunswick. N.J. 
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