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SUMimRY 

A gas-liquid chromatographic method is described for the determination of 
naltrexone and beta-nahrexol in human plasma following derivatization with penta- 
fluoropropionic anhydride using electron capture detection. The lower sensitivity of 
the method for absolute standards is 5-10 pg. Following an acute lOO-mg dose to a 
subject, peak levels of naltrexone of 15 ngjmi at 2 h and of beta-nahrexol 84 ng/ml 
at 4 h were observed. The levels of both compounds decreased by 24 h after the dose: 
nabrexone to 2.9 ng/m.l and beta-naltrexol to 25 ngjml. Following chronic adminis- 
tration for two weeks of 100 mg per day the peak levels of naltrexone and beta- 
naitrexol increased to 26.9 and 131 ng/ml at 2 h, respectively, but by 24 h both 
compounds were at levels similar to those following a single dose. Thus no accumu- 
lation of either drug or metabolite in the plasma was. seen folIowing chronic nal- 
trexone administration. 

INTRODUCTKON 

.Naltrexone was synthesized by Bhnuberg et al.’ in 1965. It is a potent orally 
effective narcotic antagonist with a reasonably long time course of action and thus is 
considered us&%l in the out-patient treatment of opiate addicts following detoxi- 

fication from either methadone or heroin z*3 The urinary excretion of naltrexone and . 
its major metabolite beta-nahrexol 4,5 in man has been reported recently61’. However, 
owing to the low concentrations in human plasma, quantitative determinations of 
nahrexone and beta-nahrexol have not heen accomplished. in this report we describe 
a method for the-quantitative determination of nahrexone and beta-naltrexol in the 
plasma of a subject taking an acute dose and chronic therapeutrc doses oi‘ naltrexone. 

MATERIALS AND METHODS 

Chemicds pnd reagents 

Beta-naitrexol - HCi (N-cyclopropyhnethyl-7, S+ihydro- Whydroxynormor- 
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phine) was a gift of Dr. R. Willette of NIDA (Bethesda, Md., U.S.A.), and nal- 
trexone - HCI (N~yclopropyhuethyl-7,8-dihydro-l4-hydroxynormorphinone) and nal- 
oxone. HCl, (N-allyl-7,8-dihydro-1Chydroxynormorphinone) were provided gratis by 
Endo Labs. (Garden City, N-Y., U.S.A.). The solvents used were glass-distilled, GC 
grade purchased from Burdick and Jackson (Muskegon, Mich., U.S.A.). All aqueous 
solutions, buffers and dilute acids, were prepared usiug double glass-distilled water. 
Pentaff uoropropionic anhydride (PFI’A) and glassware siliconizing ffuid of Dri-Film@ 
SC-87 were purchased from Pierce (Bockford, Ill., U.S.A.). 

Stock solutions 
Standard solutions of naltrexone (25 ng/ml), beta-naltrexol (200 ng/ml) and 

internal standard naloxone (250 nglml) were prepared in double glass-distilled water. 

Calibration curves and pantitation 
Naltrexone and beta-naltrexol standard curves were prepared by adding 1.25, 

2.5, 12.5 and 25 ng of naltrexone, 5, 10, 20 and 40 ng of beta-naltrexol, 6.25 ng of 
naloxone to each of 1.0 or 2.0 ml of blank plasma. The samples for both standard 
curves were extracted according to the method described below, derivatized by 
PFPA and chromatographed. The peak height or area ratios were plotted against 
the respective concentration of standards and the slope determined. The unknown 
sample peak height or area ratio was divided by the slope to determine the concen- 
trations of naltrexone and beta-naltrexof in the unknown samples. 

Extraction procedure 
All glassware was siliconized with a 5% (v/v) solution of Dri-Film in roluene. 

The following substances were added to 20-ml round-bottom centrifuge tubes: 
Antifoam A (A.H. Thomas, Philadelphia, Pa., U.S.A.) 0.5 to 2 ml of plasma and 
25 ~1 of aqueous internal standard ccntaining 6.25 ng of naloxone. The pH was 
adjusted to 8.5 with 1.0 ml of saturated sodium bicarbonate and the aqueous phase 
was shaken with 12 ml of chloroform. After lo-min shaking and 5-min centrifugation 
the chloroform layer was transferred into clean centrifuge tubes containing 5 ml of 
0.5 N HCI. After back extraction into acid the chIoroform layer was discarded and 
4.5 ml of the HCl phase was transferred into clean centrifuge tubes and neutralized 
with 2.5 N NaOH. The pH was adjusted to 8.5 with saturated sodium bicarbonate 
and the aqueous phase extracted with 7 or 8 ml of chloroform. After shaking and 
centrifugation the chloroform was transferred to a clean 15-ml test tube and evapo- 
rated to dryness on a rotary flash evaporator (Evapo-o-mix, Buchler). To the dry 
residue 100 /*l of PFPA were added, the tube was tightly stoppered (00 size hollow 
nalgene stoppers; A-H. Thomas) and placed in a heating block a@llO” for 40 min. 
After the reaction the samples were stored overnight at -16” and usually analyzed 
the following day. The anhydride was evaporated at room temperatureundei a stream 
of nitrogen. The dried sample was taken up in 50-100 ~1 of ethyl acetate and l-&u1 
aliquots were injected into the gas chromatograph. Fig. 1 shows a chrornatogtan for 
two standards of beta-nakexol and naltrexone extracted by the method described 
above. 
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Fig. 1. Cbromatogram A represents 6.25,40, and 25 ng of naloxone, beta-naltrexol and nakexone, 
respectively, extracted from 1 ml of plasma. Chromatogram B represents half the above concentra- 
tion of naltrexone and beta-naltrexol while using the same amount of internal standard, naioxone. The 
retention times for naloxone, beta-naltrexol, and naltrexone are 3.28, 4.40, and 5.17 & 0.02 min, 
respectively_ The signal is automatically suppressed over the lirst 2.2 min by time pro&ramming 
The lkst apparent peak at 2.20 i: 0.03 mhi is the time the signal is attenuated to scale. 

Gas-&quid chromatographic conditions 

Analysis was performed under isothermal conditions on a Hewlett-Packard 
Model 5830A gas chromatograph, equipped with a aNi linear electron capture 
detector operating at 1 x lo9 mA standing current. The column was 6 ft. x 2 mm 
I.D. packed with 3% OV-22 on Supelcoport, 80-100 mesh. The carrier gas was a 
mixture of 10% methane in argon at a flow-rate of 35 ml/min. The injection port 
temperature was 250”, the detector temperature 300” and the column oven temper- 
zture 215”. 

Subject 
The subject in this study was 2 paid volunteer from the New York State Office 

of Drug Abuse Services. He was informed of the study protocol and signed an in- 
formed written consent prior to the study. Blood (12-15 ml) was drawn 1, 2, 4, 8, 
12 and 24 h after drug administration. The blood was centrifuged and the plasma 
separated from the cells 2nd stored at ---L7O until 2nalysis. 

RESULTS AND DISCUSSiON 

A solvent extraction method and derivatization process was developed for the 
electron capture analysis of naltrexone and beta-naltrexol in huma= plasma. The 
recovery of nahrexone and beta-naltrexol from plasma within the concentration 
range of the standards was 77 f 2 o/0 and 54 f 2 %, respectively. When derivatization 
was carried out under~ milder conditions (70” for 25 min), in the presence of solvent 
(benzen*PFPA, 4:1), pentafluoro-derivatives different from those shown in Fig. 1 
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were obtained for naloxone, beta-naltrexolt and naltrexone. Their retention tunes 
were 4.45, 3.24 and 7.27 mm, respectively. Absolute standard curves and standards 
extracted from plasma and derivatized either neat or in benzene provided linear 
relationships between the concentration and either peak height or area ratios of 
naltrexone, beta-nahrexol, and the internal standard naloxone. 

The detector response for beta-naltrexol was greater ‘&an that for naltrexone 
when compared with the derivatization moieties obtained under neat conditions. 
Since in’ the clinical plasma samples naltrexone levels weti extremely low, the neat 
derivatization condition was used. Both naltrexone and beta-naltrexol are stable at 
-16” for at least one week in excess PFPA either before or after reaction; However, 
once the derivatizing agent is removed and the derivatives reconstituted in solvent, 
it is necessary to inject them onto the gas chromatograph as soon as possible since the 
derivatives rapidly decompose in solvent. The derivatives were found to be equally 
soluble in either ethyl acetate or acetonitrile but less soluble in non-polar solvents 
such as benzene. 

. In order to make a simultaneous determination of naltrexone and beta-nal- 
trexol in all plasma samples over a 24-h period, the choice of sample aliquot becomes 
critical. This occurs because in some samples the concentration of beta-naltrexol is 
as much as 15 times higher than naltrexone. For plasma samples taken after 12 h, 
ahquots of 0.6-2.0 ml were found adequate, whereas for plasma samples taken earlier 
than 12 h 0.2-O-4 ml aliquots were used. 

Phma level of nattrexone and beta-naltrexol 

To ascertain the practical application of the method developed, plasma levels 
of naltrexone and beta-naltrexol were determined in a subject following single and 
multiple doses of naltrexone. Serial blood samples were taken after an acute dose of 
100 mg naltrexone at 1,2,4,8, 12 and 24 h after the dose. Following the 24-h sample, 
the same subject received 100 mg naltrexone daily for 14 days and then blood samples 
were taken following the last IOO-mg dose to evaluate the plasma levels of naltrexone 
-md beta-naltrexol following chronic naltrexone treatment. Fig, 2 ~shdws that in the 
acute study naltrexone reached a peak at 2 h of 15 ng/ml and by 24 h the level declined 
to 2.9 ng/ml. The rapid rise of beta-naltrexol in plasma following a single dose 
indicates a rapid rate of biotransformation of naltrexone to beta-naltrexol. A peak 
level of 84 ng/ml of beta-naltrexol was found at 4 h and the levels decrease to 25 ng/mi 
by 24 h after the dose. 

Following chronic treatment the peak concentration at 2 h of both naltrexone 
and beta-naltrexol were higher in the plasma, 26.9 n&ml and 131 .O ng/ml, respectively. 
However, by 24 h af&r the dose the levels of these compounds were approximately 
at the same concentration as in the acute study. IE this pattern of naltrexone dis- 
position is confirmed in other subjects and is representative of the population, no 
substantial accumulation of naltrexone or beta-naltrexol would be expected folIowing 
chronic naltrexone treatment_ 

&I conclusion, the method described in this report provides sticient sensitivity 
for the quantitative determination of naltrexone and beta-naltrexol in human plasma 
followmg single and multiple therapeutic doses. Ak compared to the bis(trimethyl- 
silyl)trifluoroacetamide derivatives of naltrexone and beta-naltrexol. az+sured by 
flame ionization detection, the PFPA derivatives using electron capture detection 
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Fig. 2. Plasma levels of naitrexone (NT) and beta-naltrexol @-OL) in a subject following the admini+ 
tration of an acute lmrng oral dose of naltrexone (NT and @-OL acute) and followiig chronic doses 
of 100 mg naltrexorre for 14 days (NT tid ,3-OL chronic). 

increases the sensitivity of the method of absolute standards approximately a thousand- 
fold and for plasma extracted materials approximately a hundred-fold. 
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