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Abstract 

The short-term stability of Revex, nalmefene hydrochloride injection, was determined in a number of diluents 
commonly employed for intravenous use. An HPLC method was used to follow the potency of the diluted solutions, 
and was fully validated for its intended concentration range prior to its use. Dilutions of Revex were prepared 
separately in 0.9% sodium chloride injection, 0.45% sodium chloride injection, 5% dextrose injection, 5% dextrose and 
0.45% sodium chloride injection, lactated Ringer's injection, 5°/, dextrose and lactated Ringer's injection and 5% 
sodium hydrogencarbonate injection. Each admixture was stored at 4°C, room temperature (21°C) and 40°C, with 
samples being tested after storage at each temperature for 0, 24, 48 and 72 h. Defining stability as the retention of 
at least 95% of the initial drug concentration at the end of the storage period, it was concluded that the diluted 
solutions of Revex were uniformly stable for up to 72 h in all of the injectable solutions maintained at either 4, 21 
or 40°C. 

Keywords: Revex; Nalmefene hydrochloride; Injection solutions; High-performance liquid chromatography 

1. Introduction 

Nalmefene hydrochloride (17-(cyclopropyl- 
methyl) -4,5 -e -epoxy-6-methylenemorphinan-3,14- 
diol hydrochloride) (Fig. 1) is a selective narcotic 
antagonist, and is known commercially as Revex. 
The pharmacological activity of  nalmefene. HCI is 
mediated via competitive inhibition of opioid re- 
ceptor sites [1], and is indicated for the complete 
or partial reversal of  opioid depression (including 
respiratory depression) and for the diagnosis and 
treatment of  opioid overdose. As demonstrated in 
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a variety of  preclinical [2,3] and clinical studies 
[4-6], Revex exhibits a major  advantage over 
naloxone in its longer duration of action. 

Revex is currently marketed in ampules at 
dosage strengths of  1.0 and 0.1 mg ml - 1, with the 
formulation containing 9 mg ml ~ NaC1 (for 
isotonicity) and the pH being adjusted to 3.9. In 
this formulated state, nalmefene. HC1 has been 
found to be fairly stable, and exhibits degradation 
only at elevated temperatures [7]. The major 
degradation product has been found to be 2,2'- 
bisnalmefene (Fig. 1), and this nalmefene dimer is 
known to be less toxic than nalmefene itself [8]. 

To increase the database relating to the stability 
of  Revex, a series of  studies were conducted to 
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evaluate the stability of nalmefene. HC1 injection 
after its dilution with commonly used injectable 
media. In addition, the analytical method used in 
the earlier study [7] has been validated over the 
concentration range existing after dilution in the 
injectable fluids (i.e. final concentration of 0.01 
mg ml-  l), and then used to obtain the stability of 
the drug substance in the various dilution media. 
Both aspects of this work are described in this 
paper. 

2. Experimental 

2.1. Materials 

Nalmefene'HC1 (lot RL-4913-119D) reference 
drug substance was obtained from Diosynth (Oss, 
The Netherlands) and Revex (lot E00H4) from 
Ohmeda (Murray Hill, N J). All chemicals re- 
quired to perform the analytical work were ob- 
tained as reagent-grade products from various 
sources and 0.9% sodium chloride injection, 
0.45% sodium chloride injection, 5% dextrose in- 
jection, 5% dextrose and 0.45% sodium chloride 
injection, lactated Ringer's injection, 5% dextrose 
and lactated Ringer's injection and 5% sodium 
hydrogencarbonate injection were purchased from 
Abbott Laboratories (North Chicago, IL). 

2.2. Preparation and storage of diluted solutions 

Nalmefene" HC1 injection samples were pooled 
from 20 Revex ampules, formulated at a potency 
of 1 mg ml - ~. Aliquots (1 ml) of nalmefene. HC1 
injection were pipetted from the pooled sample 
into each of seven 100 ml volumetric flasks, then 
each flask was diluted to volume with one of the 
diluent fluids. The final concentration of nalme- 
fene" HCI in each solution was approximately 0.01 
mg ml-~, which is the working target concentra- 
tion of the assay method. Each admixture was 
prepared in triplicate, so that portions could be 
stored at three different temperatures. A determi- 
nation of the nalmefene concentration was made 
immediately after the preparation of each solu- 
tion, and subsequent assays were performed after 
storage for 24, 48 and 72 h at 4°C, room temper- 
ature (21°C) and 40°C. 

2.3. Nalmefene assay method 

The nalmefene content in each solution was 
determined using an isocratic HPLC method, 
based on separation on a Primsphere C~8 column. 
This assay has been shown to be stability-indicat- 
ing [7], and uses a mobile phase consisting of 
acetonitrile-0.05 M phosphate buffer (20:80, v/v). 
The buffer contained 0.2% triethylamine, and the 
pH was adjusted to 4.2 with 85% phosphoric acid. 
The mobile phase flow rate was 1.0 ml min ~, 
and analyte detection was effected by measuring 
the UV absorbance at 210 nm. 

In a typical analysis run, the sample sequence 
consisted of duplicate injections of the working 
standard, followed by duplicate injections of each 
sample preparation. Each chromatogram was run 
for at least 17 min prior to the next injection, and 
the peak areas associated with each duplicate 
injection were averaged to obtain a response for 
that sample. After 10 sample injections had been 
made, the standard was injected in duplicate. Fi- 
nally, a duplicate standard injection was made at 
the conclusion of the sample sequence. The crite- 
ria for sample acceptance was that the mean areas 
of the bracketing standards had to agree to within 
2%. 

The concentration nalmefene (expressed as the 
free base in units of mg ml ~) in each sample was 
calculated by using the equation 

Nalmefene 

• H H 

H 

d 
2,2'-Bisnalmefene 

Fig. 1. Structures of nalmefene hydrochloride and its degrada- 
tion product 2,2'-bisnalmefene. 
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Table 1 
Summary of accuracy data 

Target Concentration taken Concentration found Recovery 
concentration (%) (mg ml- 1) (mg ml- 1) (%) 

50 0.005 0.00492 98.40 
75 0.0075 0.00739 98.53 

100 0.010 0.00986 98.60 
125 0.0125 0.0123 98.40 
150 0.015 0.0148 98.67 
Average 98.5 
SD 0.12 
RSD 0.12 

Table 2 
Summary of precision data 

No. Concentration (mg ml- 1) 

0.005 mg ml -~ 0.0075 mg ml -~ 0.010 mg ml t 0.0125 mg m1-1 0.015 mg ml 
Spiking level Spiking level Spiking level Spiking level Spiking level 

1 0.00493 0.00740 0.00986 0.01231 0.01481 
2 0.00492 0.00740 0.00986 0.01231 0.01480 
3 0.00491 0.00740 0.00987 0.01233 0.01483 
4 0.00492 0.00738 0.00985 0.01232 0.01482 
5 0.00492 0.00739 0.00985 0.01233 0.01484 
Mean 0.00492 0.00739 0.00986 0.01232 0.01482 
SD 0.0000071 0.0000089 0.0000084 0.000010 0.000016 
RSD (%) 0.14 0.12 0.085 0.081 0.11 

a Average RSD = 0.11%. 

na lmefene  (mg ml 1) 

= ( Z t S a m / A S t d )  × [W(1.0 - % H 2 0 )  P/100] 

z (339.4/375.9) 

where A s , m = a v e r a g e  peak  area  o f  nalme-  
fene .HC1 in the sample  solut ion,  A s t  o -= average 
peak  area  of  the nalmefene" HCI  s t anda rd  solu- 
t ion,  W = mass  o f . s t a n d a r d  taken  (mg), % H 2 0  = 
water  content  o f  the s t andard ,  expressed as a 
fract ion,  3 3 9 . 4 / 3 7 9 . 5 = c o n v e r s i o n  fac tor  f rom 
nalmefene hydroch lo r ide  salt  to the free base and 
P - - p u r i t y  fac tor  o f  the nalmefene" HC1 reference 
s tandard ,  expressed as a fract ion.  

The  m e t h o d  m a y  also be used to assay the 
conten t  o f  ei ther  the 1.0 o r  0.1 mg  m l -  1 presenta-  
t ions o f  Revex,  as long as a l iquots  o f  the neat  
fo rmula t ion  are  d i lu ted  to 0.01 mg ml l p r io r  to 
analysis.  

2.4. Absorbance and p H  measurements 

The p H  of  the solut ion was de te rmined  using a 

glass combina t i on  electrode,  which was ca l ib ra ted  
using two s tandards .  A b s o r b a n c e s  at  400 and 600 
nm of  the d i lu ted  nalmefene solut ions  were deter-  
mined  using a s ingle-beam spec t ropho tomete r .  
The  abso rbance  and  p H  were measured  immedi-  
ately after p r e p a r a t i o n  o f  the solu t ions  and  after  
s torage for  72 h. 

3. Results and discussion 

3. I. Validation o f  the assay method 

To establ ish the val idi ty  o f  the analyt ica l  
m e t h o d o l o g y  for  the an t ic ipa ted  nalmefene con- 
cen t ra t ion  range,  the m e t h o d  was va l ida ted  ac- 
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Table 3 
Summary of linearity data 

No. Nalmefene Nalmefene 
concentration concentration 
taken found 
(mg ml i) (mg ml i) 

1 0.005 0.00492 
2 0.0075 0.00739 
3 0.010 0.00986 
4 0.0125 0.01232 
5 0.015 0.01482 
Slope 0.9892 
Intercept -0.000030 
Correlation 0.9999964 

coefficient 

cording to its performance characteristics of accu- 
racy, precision and linearity. The method was not 
evaluated with regard to its limits of detection and 
quantitation since these criteria are irrelevant for 
the determination of a major constituent in a 
formulation. 

3.1.1. Accuracy of the method 
Placebo solutions of the Revex formulation 

were spiked with known concentrations of nalme- 
fene at target concentrations of 50, 75, 100, 125 
and 150% of the intended working concentration 
of the method (0.01 mg ml -  l). The concentration 
of each solution was determined according to the 
method procedure, and the accuracy was evalu- 
ated as the percentage recovery from these solu- 
tions. These data are reported in Table 1. The 
average recovery over the range studied was 
98.5%. 

3.1.2. Precision 
The precision of the analytical procedure was 

evaluated through multiple analyses of the solu- 
tions prepared for the accuracy work. Five sam- 
ples at each concentration level were 
independently prepared and analyzed according 
to the analytical procedure, and the results of 
these analyses are given in Table 2. The precision 
of the assay values (as measured by the relative 

Table 4 
Stability of Revex in various injectable solutions 

Solution Storage Initial 
temperature nalmefene 
(°C) concentration 

(rag ml i) 

Percentage of initial concentration remaining 

24 h 48 h 72 h 

0.9% Sodium 4 0.01020 
chloride 21 0.01020 

40 0.01015 
0.45% Sodium 4 0.01020 
chloride 21 0.00995 

40 0.01005 
5% Dextrose 4 0.00995 

21 0.00990 
40 0.01005 

5% Dextrose 4 0.01015 
and 0.45% 21 0.01005 
sodium chloride 40 0.01000 
Lactated 4 0.00990 
Ringer's 21 0.01000 

40 0.00990 
5% Dextrose 4 0.01010 
and Lactated 21 0.01020 
Ringer's 40 0.01010 
5% Sodium 4 0.00980 
hydrogencarbonate 21 0.00975 

40 0.00970 

98.5 97.6 97.6 
99.0 97.6 97.6 
99.5 98.5 98.0 
98.5 97.1 97.6 

100.5 99.5 99.0 
100.0 99.0 97.5 
99.0 99.5 98.9 
99.5 100.0 98.5 
97.5 96.5 97.0 
99.5 98.5 98.5 

100.5 100.0 99.5 
100.5 100.0 100.0 
101.0 101.5 100.5 
100.5 100.0 99.5 
102.5 102.5 101.0 
101.0 99.5 99.0 
99.0 98.0 98.5 

100.5 99.5 100.0 
99.5 99.5 101.0 

1 O0 99.5 100.00 
100.5 99.5 99.0 
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Fig. 2. HPLC traces of Revex after dilution with 0.9% sodium chloride injection, (A) immediately after preparation and (B) after 
storage for 72 h at room temperature. The slight degradation of the drug substance is indicated by the small 2,2'-bisnalmefene peak 
located at a retention time of ca. 7 min. 

standard deviation of the various independent 
preparations) was 0.096%. 

3.1.3. Linearity 
To evaluate the linearity of the method, linear 

regression analysis was used to determine the 
relationship between the analytical results and 
known concentrations of nalmefene in test solu- 
tions. The results are summarized in Table 3. 
The correlation coefficient of 0.999977 obtained 
during this portion of the validation work indi- 
cates that the assay methodology is character- 
ized by acceptable linearity. 

3.2. Absorbance and pH measurements 

The absorbance of each sample was measured 
at 400 nm to detect any yellowing of the solu- 
tion and at 600 nm to detect any turbidity. It 
was found in each instance that all absorbance 
readings were less than 0.03, indicating that 
none of the diluted preparations discolored or 
formed insoluble substances during the storage 
period. The pH of each solution remained in- 
variant to within 0.3 units of the initial value in 
all solutions, except for 5% sodium hydrogen- 
carbonate, where the pH was found to have in- 
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creased by 0.8 units at the end of the 72 h storage 
time. 

3.3. Results of  the stability studies 

As shown in Table 4, the concentration of 
nalmefene in all injectable media never drop- 
ped below 97% by the end of the 72 h stor- 
age periods. Where the nalmefene content was 
found to decrease slightly from the initial value, 
the missing mass was estimated to be accounted 
for as the principal degradant, 2,2'-bisnalme- 
fene. Owing to the very low concentration of 
drug substance in the diluent solutions (0.01 mg 
ml-1), all detectable amounts of 2,2'bisnal- 
mefene formed were judged to be less than 
the limit of quantitation and therefore unre- 
portable. 

In Fig. 2, HPLC traces are shown which cor- 
respond to assays conducted immediately 
after dilution with 0.9% sodium chloride injec- 
tion and after storage for 72 h at room temper- 
ature. This particular slight degradation 
represented the worst instance observed, and 
would not be considered as an impediment to 
using the solution. The 2,2'-bisnalmefene 
degradant is known to be less toxic than the 
drug substance itself [8]. 

4. Conclusion 

Defining stability as the retention of at least 
95% of the initial drug concentration at the end 
of the storage period, it is concluded that the 
diluted solutions of Revex were uniformly stable 
for up to 72 h in all of the injectable solutions 
maintained at either 4, 21 or 40°C 
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