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Several methods have been described for the analysis of nalcxone iu bio- 
logical fluids [l-5]. However, only the radio-immunoassay of Berkowitz et al_ 
[3] has sufficient sensitivity to enable the character&&ion of naloxone disposi- 
tion in man after usual doses. Sams and Malspeis ]5] have described a gas 
chromatographic method with electrou capture detection, based on the forma- 
tion of a perfluoroalkylester derivative of naloxone which has comparable 
sensitivity to the method of Berkowitz et al_, but this technique has not been 
applied to biological samples. We describe a method which has equivalent sensi- 
tivity and reproducibility to the radio-immunoassay of Berkowitz et al., but 
offers a &romatographic approach to the analysis of naloxone in biological 
fhlids_ 

EXPERlMENTAL 

Method 

The sample preparation is illustrated in Fig. 1. NaItrexone, a close structural 
aualogue of ualoxone (Fig. 2), was used as an iut-emai staudarcl. The internal 
standard solution contained 100 ng of ndtrexone per 100 JA of 0.1 M sulphuric 
acid. Each sample was assayed ss follows. Whole blood or plasma (1 ml) and 
100 ng of internal standard were added to a 100 X 13 mm culture tube with a 
PTFE-hued screw-cap, which contained 250 ~1 of carbouate buffer (pH 9, 
1.0 M), together witi 5 ml of toluene. Each tube was mixed by tilting for 
30 min on a mechanical Izixer and centrifuged at 1000 g for 5 min. The organic 
and aqueous layers were separated by freezing each tube in adry-icmeetoue 
bath and pouring the unfrozen organic layer into a second tube containing 250 
~1 of 0.1 M sulphuric acid. This tube was mixed for 5 miu, frozen in dry-ice- 
acetone and the toluene discarded. To the remaining aqueous phase in each 
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Fig. 1. Flow diagram of sample preparation pmcedure. 

Fig. 2. Stmctures of natoxone and the internal stxwlard (nabzone). 

tube were added 500 t.d of aqueous 0.1 M tetrzhutykuumonium hydroxide 
(TEA) and 200 pl of a 0.4% solution of pent&uorobenzyl bromide (PFB) 
in dichloromethaue. This mixture was shaken at room temperature for 30 min 
in order to carry out the derivatisation reaction. A 2-d volume of hexane was 
added to each tube, which was then vmkxed for 10 set, centrifuged for 5 min 
and frozen in ~-ice-acetone_ 

The orgzmic layer was poured into a third 100 X 13 mm culture tube, con- 
taining 0.5 ml of 0.5 M sulphuric acid. This mixture was vorkxed for 1 min, 
ceneged for 1 min and the orgauic phase discarded. This procedure was re- 
peated with au additional 2 PnI of hexaue. Fine&r, 100 ,td of 5 N sodium 
hydroxide solution and 100 ~1 of hexane were added to the tube, which was 
mixed for 5 rnin and centzifuged for 5 min. Approximately 5 ~1 of the hexane 
layer was sampled from the tube and injected into the gas chromatograph. 
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Fig. 3. Chromatograms of (A) control blood sample and (B) sample containing 5 ng of 
naloxone (I) and 100 ng of nahexone (internal standard) (II). I and LI in A indichte the 
retention times of naloxone (4.5 min) aud internal standard (6.75 mia). 

Fig. 4. Calibration curve for naloxone. Data were fitted to the expression y = 

0.00856~~==~~, iL = 0.998. 

It is sometimes convenient when analysing large numbers of sampIes to pre- 
pare samples on one day and chromatograph them the following day. The 
stability of the derivatised sznples was investigated by preparing calibration 
samples on one day and immediately chromatographing them and then re- 
chromatographing them 24 h later, during which time the samples had been 
stored at 4°C. When a power function was fitted to these data, values of (I = 
0.0209, b = 1.212, r2 = 0.999, were obtained on the first chromatographic 
analysis and a = 0.0233, b = 2.182, iz = 0.998, were obtained 24 h later_ This 
analysis indicates that during this period storage at 4% did not affect the 
accuracy of the method_ 

Of the previously available methods for the analysis of naloxone in biological 
fluids, only the radio-immunoassay of Berkowitz et al. for which the lowest 
point on the calibration curve is 5 ng, has sufficient sensitivity to enable the 
disposition of naloxone to be determined after usual doses. The analysis of 
naloxone reported by Sams and Malspeis 151 which utilises gas chromato- 
graphy with electron capture dete+ion has good sensitivity (2 ng) and repro- 
ducibility (coefficienf of variation I--8.5%) but has not been applied to biolog- 
ical samples. A further disadvantage of this method is the h&ability of the per- 
fluoroalkylester derivatives of naloxone and the internal standard natkexone, 
which gives rise to changes in peak height ratio with time. The present analysis 
was designed to retain the sensitivity of electron capture detection while ekn- 



356 

inating the disadvantages of the ester derivatives of naloxone. Our approach is 
basecl on that described by Swezey et al: [7] for pentaxocine, in which a more 
stabks ether derivative is formed by ion-paired extractive alkylation of the 
phenolic anion using tetrahutylanunonium hydroxide and pentafluorobenxyl 
bromide, 

Ether derivates of naloxone and naltrexone formed in this way are stable to 
strong acid and alkali and thus show no tendency to hydrolyse prior to chrome- 
tography as do the ester derivatives described by Sams and Malspeis [5]. The 
st&btity of the ether derivatives of naloxone and naltrexone also facilit&es the 
removal of excess derivatising agent prior to chromatography (see Fig. 1). 

Although ethyl acetate [2] and 1% isopropanoi in chloroform [4] have been 
used to extract naloxone from biological fluids, preliminary experiments with 
[3H]naloxone in which I ml of blood, adjusted to pH 9, was extracted with 
5 ml of organic solvent, showed that, under these conditions, toluene extracted 
78% of the radioactivity. Corresponding values for other solvents’were hexane 
25%, ethyl acetate 78% and diethyl ether 88%. For reasons of convenience, 
safety and to enhance specificity, toluene was seIected as being the most 
suitabie solvent [ 71. 

In summary, the approach described provides a chromatographic method 
with equivalent sensitivity and reproducibility to the radio-immunoassay 
method of Berkowitz et al. [3] . Only these two methods offer sufficient sensi- 
tivity to enable the characterisation of the disposition of naloxone after usual 
doses_ 
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