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Abstract - Nalmefene hydrochloride injection is not stable, and the formation of dimers may occur quickly, limiting the use of 
nalmefene hydrochloride in the clinic. Therefore, in this study, we aimed to optimize the preparation of nalmefene hydrochloride 
injection in order to increase the stability of the drug. 
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Ⅰ.INTRODUCTION 
 
Nalmefene hydrochloride is a specific neuroprotective 

agent and a first-line drug for the emergency management of 
respiratory depression[1]. However, due to the poor stability 
of this drug[2], the contents of two known impurities 
(naltrexone hydrochloride and bisnalmefene hydrochloride) 
regularly exceed quality standards. Therefore, nalmefene 
hydrochloride is no longer used clinically in the United 
States, where it was originally developed.  

In this study, we designed a process for optimal 
production of nalmefene hydrochloride injection to ensure 
storage stability of the product. 

 
 

Ⅱ. MATERIALS AND METHODS 
 
A. Materials  

 
Nalmefene hydrochloride was purchased from Haikou 

(Hainan, China). Sodium chloride, activated carbon, and 
membranes were purchased from Changchun (Jilin, China). 

  
B. Choice of the optimal concentration of the drug 

 
Choice of the appropriate drug concentration [3,4] was 

determined by preparation of different concentrations of 
nalmefene hydrochloride injection (0.1, 0.5, 1.0, 2.0, and 4.0 
mg/mL). Samples were prepared using 0.05% activated 
carbon to adsorb bacterial toxins and filtered with a 0.45-µm 
membrane and 0.22-µm PES.  

Detection was then performed as described in the 
previous sections, and comparisons of drug content and other 
components were carried out using the main peak areas[5]. A 
content chromatogram is shown in Figure a. 

 
C. Analysis of the sample stability following exposure to 
light during sample preparation 

 
We analyzed the effects of light exposure during 

production by exposing samples, prepared with 0.1 mg/mL 
nalmefene) to light for 2, 4, 6, 8, 10, or 12 h. Content and 
related substances were determined in each of the samples, 
and results were compared with the 0 h time point. 
Chromatograms for related substances, naltrexone, and 
dimers are shown in Figures b–d, respectively. 

 

 
Fig a. A content chromatogram; Fig b. Chromatograms of related 

substances; Fig c. Chromatograms of naltrexone; Fig d. Chromatograms of 
dimers. 

 
D. Stability of the sample solution at room temperature over 
time 

 
Finally, we analyzed the stability of the sample solution 

(0.1 mg/mL nalmefene) over time at room temperature. The 
temperature of the laboratory ranged[6] from 25 to 35°C, and 
samples were incubated at this temperature for 2, 4, or 6 h. 
Content and related substances were determined, and results 
were compared with the 0 h time point. 

 
 

Ⅲ. RESULTS 
 
A. Choice of the main drug concentration 

 
Next, we examined the optimal concentration of 

nalmefene hydrochloride (Table 1).  
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TABLE 1. ANALYSIS OF THE OPTIMAL DRUG CONCENTRATION 

Time 
(h) 

Naltrexone 
content (%) 

Dimer 
content (%) 

Content of the 
largest single 
impurity (%) 

Total 
impurity 

content (%) 
0 0.094 0.017 0.044 0.244 
2 0.088 0.017 0.047 0.231 
4 0.088 0.017 0.050 0.242 
6 0.092 0.018 0.052 0.261 
8 0.092 0.018 0.055 0.268 
10 0.094 0.018 0.052 0.266 
12 0.094 0.018 0.051 0.270 

 
As suggested from the data in Table 4, when the 

nalmefene hydrochloride solution contained 2.0 mg/mL 
nalmefene, the activated carbon adsorption capacity was low, 
matching the equipment capacity. This was expected to make 
preparation simple and feasible[7]. Therefore, 2.0 mg/mL 
was chosen as the optimal drug concentration. 

 
B. Stability of the solution following exposure to light 
 
1) Content analysis over time  

 
Analysis of nalmfene hydrochloride content over time 

with exposure to light was performed, as shown in Table2.  
As shown in Table 2, the AUC ratio changed less than 

2.0%, suggesting that nalmefene hydrochloride injection was 
stable in light for at least 12 h. 

 
 
TABLE 2. RESULTS OF DRUG CONTENT OVER TIME WITH 

EXPOSURE TO LIGHT.  

Time (h) AUC Conc. (%) 
Change in the AUC 

ratio (%) 
Reference 10061548   

0 10068867   
2 10033647 99.65 0.35 
4 10053025 99.84 0.16 
6 10050468 99.82 0.18 
8 10065262 99.96 0.04 
10 10068578 100.00 0 
12 10053956 99.85 0.15 

 
2) Analysis of the content of related substances 

 
Next, we analyzed the contents of related substances in 

nalmefene hydrochloride injection over time with light 
exposure, as shown in Table 3. 

 
TABLE 3. PRESENCE OF RELATED SUBSTANCES IN THE SAMPLE 

SOLUTION FOLLOWING EXPOSURE TO LIGHT 

 AUC 
Adsorption content 

(%) 
Reference 9929985  
0.1 mg/mL 7842137 21.03 
0.5 mg/mL 8440095 15.00 
1.0 mg/mL 8843327 10.94 
2.0 mg/mL 9903429 0.27 
4.0 mg/mL 9857591 0.73 

 
As shown in the table above, nalmefene hydrochloride 

injection was stable in light for at least 12 h. 
 

C. Stability of nalmefene hydrochloride injection during 
preparation at 25–35°C 
 
1) Content analysis at room temperature 

 
Next, we analyzed the effects of temperature on the 

content of nalmefene (Table 4).  
As shown in the table 4, the change in the AUC ratio was 

less than 2.0% at 6 h of incubation at room temperature. 
Therefore, nalmefene was considered stable for 6 h at room 
temperature (25–35°C). 

 
TABLE 4. EFFECTS OF TEMPERATURE ON NALMEFENE 

CONTENT. 

Time (h) AUC Conc. (%) 
Change in the 
AUC ratio (%) 

Reference 10072063   
0 10042658   
2 10005265 99.63 0.37 
4 10015157 99.73 0.27 
6 10078143 100.35 0.35 

 
2) Analysis of the content of related substances at room 
temperature 

 
Finally, we analyzed the contents of related substances in 

nalmefene hydrochloride injection at room temperature, as 
shown in Table 5. 

 
TABLE 5. CONTENTS OF RELATED SUBSTANCES IN THE SAMPLE 

SOLUTION AT ROOM TEMPERATURE (25–35°C) 

Time (h) 
Naltrexone 
content (%)

Dimer 
content 

(%) 

Content of the 
largest single 
impurity (%) 

Total 
impurity 

content (%) 
0 0.094 0.017 0.054 0.248 
2 0.094 0.015 0.045 0.251 
4 0.096 0.015 0.043 0.242 
6 0.091 0.022 0.045 0.243 

 
 

Ⅳ. CONCLUSIONS 
 
In this study, we examined factors affecting the stability 

of nalmefene hydrochloride injection. From this analysis, we 
developed an optimized protocol for production of this drug.  

The stability of nalmefene hydrochloride injection is 
determined primarily by the dimer content [8]. Therefore, in 
the optimization process, the most important factor is 
reduction of dimer content. Importantly, temperature, but not 
light, affects the production of dimers. Therefore, it is also 
necessary to determine the optimal preparation temperature 
for the solution to prevent the formation of dimers. In this 
study, we were able to develop a protocol in which the dimer 
content remained low, even after 6 h at room temperature 
under lighted conditions.  

Bacterial endotoxin content is used as an indicator of 
safety. Low bacterial endotoxin content is needed to ensure 
the safety of the solution. During production, activated 
carbon is used to adsorb bacterial endotoxin. However, it is 
also necessary to ensure the lowest possible level of 
activated carbon for optimal efficacy of the drug because 
activated carbon will adsorb the drug as well. Therefore, 
during sample preparation, it is necessary to increase the 
sample concentration to counteract the necessity for 
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activated carbon [9]. 
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