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Injectable benzodiazepines are commonly stocked on ambulances for 
use by paramedics. We evaluated the stability of Iorazepam and diaz- 
epam as a function of storage temperature. Diazepam (5 mg/mL) and 
Iorazepam (2 mg/mL) injectable solutions were stored for up to 210 days 
in clear glass syringes at three conditions: 4°C to 10°C (refrigerated); 
15°C to 30°C (on-ambulance ambient temperature); and 37°C (oven- 
heated). High-performance liquid chromatography (HPLC) analyses of 
syringe contents were performed at 30-day intervals. After 210 days, the 
reduction in diazepam concentration was 7% refrigerated, 15% at ambi- 
ent temperature, and 25% at 37°C. The reduction in Iorazepam concentra- 
tion was 0% refrigerated, 10% at ambient temperature, and 75% at 37°C. 
Whereas diazepam retained 90% of its original concentration for 30 days 
of on-ambulance storage, Iorazepam retained 90% of its original concen- 
tration for 150 days. The decrease in Iorazepam concentration correlated 
with an increase in the maximum ambient temperature in San Francisco. 
These results suggest that diazepam and Iorazepam can be stored on 
ambulances. When ambient storage temperatures are 30°C or 
less, ambulances carrying Iorazepam and diazepam should be re- 
stocked every 30 to 60 days. When drug storage temperatures exceed 
30°C, more frequent stocking or refrigeration is required. (Am J Emerg 
Med 1999;17:333-337. Copyright © 1999 by W.B. Saunders Company) 

In many emergency medical service (EMS) systems, 
paramedics and emergency medical personnel administer 
diazepam for the out-of-hospital treatment of status epilepti- 
cus (SE). Lorazepam is often preferred as in-hospital 
therapy because of its longer duration of anticonvulsant 
effect (12 to 24 hours) compared with diazepam (10 to 30 
minutes)J A practical issue concerns the effects of ambu- 
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lance storage on the potency of diazepam and lorazepam. 
The stability limits for diazepam and lorazepam under the 
specific storage conditions dictate the frequency for restock- 
ing ambulances carrying either or both drugs. The recom- 
mended storage temperatures in the product labelings are 
15°C to 30°C for diazepam and 2°C to 8°C for lorazepam. 2,3 
Although recommended for storage under refrigeration, 
lorazepam has been found to be stable for 60 days at room 
temperature. 4 Controlled stability studies of the parenteral 
solutions for either drug stored in glass syringes as a 
function of temperature have not been reported in the 
literature. Therefore, a longitudinal study to evaluate the 
stability of diazepam and lorazepam stored in prefilled glass 
syringes at several different temperatures, including ambient 
temperature on ambulances in San Francisco, was conducted 
over 7 months. 

METHODS 

Materials 

USP grade injectable diazepam was obtained from Elkins-Sinn, 
Cherry Hill, NJ (multidose vial, Lot #055011). Each mL of the 
diazepam solution contained diazepam 5 mg, propylene glycol 0.4 
mL, alcohol 0.1 mL, and benzyl alcohol 0.015 mL/sodium 
benzoate/benzoic acid 50 mg as preservatives. United States 
Pharmacopeia (USP) grade injectable lorazepam was obtained 
from Wyeth-Ayerst Laboratories, Philadelphia, PA (multidose vial, 
Lot #4950408). Each mL of the lorazepam solution contained 2 mg 
lorazepam, 0.18 mL polyethylene glycol 400 in propylene glycol 
with 2.0% benzyl alcohol as preservative. 

Storage Conditions 

Injectable solutions of diazepam and lorazepam were packaged 
in 2.5 mL clear glass syringes obtained from Becton-Dickinson 
(B-D Glaspak brand; Franklin Lakes, NJ) for storage at each 
of the following study conditions: (1) Refrigerated, 4°C to 8°C; 
(2) Ambient temperature in a light-sealed box on two ambulances 
in San Francisco. On-ambulance temperatures were recorded 
periodically throughout the 210 day study period: February 
26, 1996 to September 18, 1996 (Figure 1). The minimum 
and maximum ambient temperatures were recorded using an 
on-ambulance thermometer stored adjacent to the drug storage 
box. Study syringes were stored in locked drug boxes that 
were opened only at the time of their removal for concentration 
analysis; (3) A temperature-controlled oven at 37°C, 5% relative 
humidity. 
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FIGURE 1. On-ambulance 
ambient temperature. Maxi- 
mum (0)  and minimum (I~) 
temperatures in ambulance no. 
1 were periodically recorded 
using a thermometer placed 
adjacent to the drug storage 
box. 
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Storage Time (Days) 

The prefilled diazepam and lorazepam syringes were stored for a 
maximum of 210 days at each storage condition, and were sampled 
at baseline (time 0), and at 30, 60, 90, 120, 150, 180, and 210 days 
for a total of eight time points for each of the three storage 
conditions. Ten syringes were evaluated at baseline in triplicate for 
diazepam and lorazepam. Syringes were removed from each 
storage condition listed above at each sampling time and were 
assayed in triplicate. 

The concentrations of diazepam and lorazepam were evaluated 
at each time point using HPLC analysis as previously described. 5 
The HPLC calibration standard consisted of an identical lot of an 
unopened refrigerated vial of diazepam (5 mg/mL) or lorazepam (2 
mg/mL). The diazepam samples were diluted 1:1,000 and the 
lorazepam samples were diluted 1:500 in HPLC grade water before 
direct injection onto a C-18 reverse phase column with 0.01 mol/L 
sodium acetate/methanol/acetonitrile mobile phase. Typical reten- 
tion times were 1t minutes for diazepam and 6 minutes for 
lorazepam. At each time point, the standard solutions of lorazepam 
were diluted identically to the samples from the syringes, and all 
dilutions were assayed in triplicate. The concentration of each drug 
was determined as the amount of drug in the syringe compared to 
the amount of drug in the standard solution. 

Statistical Analysis 

Summary statistics were calculated by first averaging the 
triplicate measurements for each syringe. The statistical analysis 
was based on the following assumptions. To estimate the probabil- 
ity of less than 90% of the original concentration, it was assumed 
that the true concentration for a given time and storage condition 
followed a normal distribution. Averaging triplicate measurements 
for each syringe reduces measurement error but does not eliminate 
it. Thus, the observed variability among syringes may be greater 
than the variability in the true concentration. To obtain better 
estimates of the means and standard deviations of true concentra- 
tions, mixed effects models were fit separately for each storage 
condition and each drug, with time as a categorical predictor (fixed 
effect) and a random syringe effect. 6 It was also assumed that the 
loss in concentration for each drug depended on both time and the 
conditions of storage. This approach separates measurement error, 
which is estimated by the residual error standard deviation, from 
syringe-to-syringe variability in true concentration. Under the 

assumption of a normal distribution, the estimated mean and 
random effect standard deviation determine the probability that the 
true concentration is less than 90% of the original concentration. 
The models were modified to account for the fact that concentration 
cannot increase over time, For any models where an earlier time 
was estimated to have a lower concentration than the next subsequent 
time, the two times were assumed to have the same concentration and 
the model was recalculated subject to this restriction. 7 

RESULTS 

The mean concentrations for diazepam and lorazepam at 
each time point and each condition are shown in Tables 1 
and 2, The estimates of  the means and standard deviation of  
the true concentrations from random effects models for 
diazepam and lorazepam are plotted in Figures 2 and 3, 
respectively. The probabil i ty of  a greater than 10% decline 
in diazepam or lorazepam concentrations at each storage 
condition is shown in Table 3. 

Diazepam Stability 

When stored on ambulances at ambient temperature, the 
concentration of  diazepam dropped approximately 10% 
over the first 30 days of  storage. The probabil i ty of  a greater 
than 10% drop in diazepam concentration after 30 days 
of  storage on ambulances under ambient conditions was 
.03. However, after 60 days of storage, this probabil i ty 
increased to .32 (ambient), and then remained relatively 
constant from month 2 to month 5 (Table 3). After  7 months 
of storage, the concentration of diazepam dropped approxi- 
mately 7% with refrigeration, 15% at ambient temperature, 
and 25% at 37°C. No additional peaks or degradation products 
were detected by the HPLC analysis method in the diazepam 
solutions over the entire spectrum of conditions tested. 

Lorazepam Stability 

Lorazepam was relatively stable for 4 months on 
ambulances at ambient temperature. After 7 months of storage, 
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TABLE 1. Diazepam Syringe Stability Results 

Time (Days) 0 30 60 90 120 150 180 210 

Refrigerated 
N 
Mean (mg/mL) 
SD 
% of original 

Ambulance 1-Ambient 
N 
Mean (mg/mL) 
SD 
% of original 

Ambulance 2-Ambient 
N 
Mean (mg/mL) 
SD 
% of original 

37°C oven 
N 
Mean (mg/mL) 
SD 
% of original 

10" 4 4 4 4 4 4 4 
5.10 4.87 4.79 4.86 4,88 4.68 4.76 4.68 

• 13 .09  •10 .09 .09 .14 •11 .06 
102 97.4 95.8 97.6 97.6 93.6 95.3 93.6 

4 4 4 4 4 3 4 
4.75 4.48 4,58 4.62 4.47 4.71 4.32 

.15 .11 .18 .03 .16 .20 .12 
95.1 89.5 91.6 92.4 89.4 94.3 86.4 

4 4 4 4 3 4 4 
4.65 4.50 4.59 4.52 4.68 4,44 4.33 

.08 .10 .16 .04 .13 .04 .06 
93.0 90.0 91.8 90.4 93.5 88.9 86,5 

4 4 4 4 4 4 4 
4.56 4,39 4.22 4,03 4.13 3.94 3.76 

.13 •06 ,12 .04 .12 ,14 .14 
91.1 87.8 84.4 80.7 82.6 78.8 75.1 

NOTE: Observed diazepam concentration (the average of 3 measurements on each syringe) as a function of time is shown• The original 
concentration of diazepam is assumed to be 5 mg/mL. 
ABBREVIATIONS: N, number; SD, standard deviation. 
*Although no storage occurred by this time point, baseline results are shown for comparison. 

lorazepam concentration was unchanged with refrigeration, 
but dropped approximately 10% under ambient conditions 
and 75% at 37°C. For lorazepam, the probability of a greater 
than 10% decline in concentration after 150 days of storage 
under ambient conditions was .02 and, after 180 days, 
probability increased to .34. However, at 37°C the proba- 
bility of a greater than 10% loss in lorazepam concen- 

tration was .77 after only 30 to 60 days (Table 2, time 120 to 
150 days) of storage. After 120 days of storage at ambient 
temperature on ambulances, the HPLC analysis of loraz- 
epam showed the appearance of a degradation product with 
a longer retention time (approximately 12 minutes) than the 
parent compound. This less polar species also increased 
proportionally with temperature and time. 

TABLE 2. Lorazepam Syringe Stability Results 

Time (Days) 0 30 60 90 120 150 180 210 

Refrigerated 
N 
Mean (mg/mL) 
SD 
% of original 

Ambulance 1-Ambient 
N 
Mean (mg/mL) 
SD 
% of original 

Ambulance 2-Ambient 
N 
Mean (mg/mL) 
SD 
% of original 

37°C oven 
N 
Mean (mg/mL) 
SD 
% of original 

10" 4 4 4 4 4 4 4 
1.97 2.01 2.04 2.01 1.97 2.00 1.97 2.04 

.04 •04 .03 .02 .02 .03 •06 .02 
98.7 100.6 102.1 100.7 98.3 100.0 98.7 101.9 

4 4 4 4 4 4 4 
1.94 1.99 1.90 1,86 1.90 1,81 1•83 

.03 .02 .02 .02 .04 .02 .03 
97.1 99,6 94•9 93•2 94.9 90.4 91.5 

4 4 4 4 4 4 4 
1.97 1.99 1.89 1.89 1 ~87 1.79 1.81 
.02 .02 .05 ,03 .02 .02 .06 

98.7 99.6 94.9 94.4 93.7 89.6 90,4 

4 4 4 4 4 4 4 
1.78 1.57 1.26 0.99 0.77 0,62 0.50 
.01 .04 .03 .02 .04 ,02 .03 

89.2 78.3 62.9 49.3 38.5 31,1 24.8 

NOTE: The observed Iorazepam concentration (the average of 3 measurements on each syringe) as a function of time is shown in the table below. 
The original concentration of Iorazepam is assumed to be 2 mg/mL. 
ABBREVIATIONS: N, number; SD, standard deviation. 
*Although no storage occurred by this time point, baseline results are shown for comparison. 
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FIGURE 2. Diazepam potency by storage condition and length of 
time stored, estimated from a random effects model. Symbols are at 
the estimated mean potency. Error bars show - the estimated 
standard deviation of true potencies. (.....) Refrigerated, (--) 
ambient, ( ..... ) 37°C. 

On-Ambulance Ambient Conditions 

The ambient conditions as measured by on-ambulance 
temperature measurements of the minimum and maximum 
temperatures at randomly selected time periods fluctuated 
over the course of the study. The ambient temperature for a 
representative ambulance (#1) is shown in Figure 1. Over 
the first 120 days, the minimum temperature for both 
ambulances at each time point remained less than 20°C, and 
the maximum temperature only occasionally exceeded 30°C. 
However, over the last 90 days of the study during the 
summer months, the maximum temperatures frequently 
exceeded 30°C. This rise in temperature also correlated with 
a decrease in lorazepam potency over the next 30 days, and 
the appearance of a less polar degradation product as 
measured by the HPLC method. 
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FIGURE 3. Lorazepam potency by storage condition and length 
of time stored, estimated from a random effects model. Symbols are 
at the estimated mean potency. Error bars show +- the estimated 
standard deviation of true potencies. (...-) Refrigerated, (--) 
ambient, (---) 37°C. 

TABLE 3. Probability of a Decrease in Benzodiazepine 
Concentration in Prefilled Glass Syringes 

Diazepam 
Days of 

storage 30 60 90 120 150 180 210 
Refrigerated 0 0 0 0 .01 .01 .02 
Ambulance .03 .32 .32 .32 .32 .32 .95 
37°C .26 .90 1.0 1.0 1.0 1.0 1.0 

Lorazepam 
Days of 

storage 30 60 90 120 150 180 210 
Refrigerated 0 0 0 0 0 0 0 
Ambulance 0 0 0 0 .02 .34 .34 
37°C .77 1.0 1.0 1.0 1.0 1.0 1.0 

NOTE: The estimated probability of a >10% change in the original 
concentration of either Iorazepam or diazepam as a function of time 
and storage condition is shown. 

DISCUSSION 

When stored in clear glass syringes under ambient 
conditions in San Francisco, diazepam and lorazepam 
retained greater than and equal to 90% of their original 
concentrations for up to 5 months. However, diazepam was 
more stable than lorazepam during the wanner summer 
temperatures. Given the recommendations that lorazepam be 
stored under refrigeration, the long-term stability of loraz- 
epam in a temperate climate (25°C to 30°C) observed in this 
study was unexpected. However, the degradation of loraz- 
epam at higher temperatures was predictable. With dehydra- 
tion, lorazepam can undergo rearrangement to form a less 
polar carboxaldehyde derivative. 8 A temperature-dependent 
reduction in lorazepam concentrations has been previously 
reported. 9ql The appearance in this study of a product with a 
longer retention time than lorazepam is evidence of thermal 
decomposition. This decomposition product also increased 
as the concentration of lorazepam decreased and was 
correlated with storage time and temperature. 

The long-term stability of diazepam parenteral solution 
stored in its original vial has been confirmed by at least one 
study that showed no more than a 1.5% loss in concentration 
after 10 years of storage under extreme conditions. 12 The 
degradation of diazepam was accompanied by appearance of 
a benzophenone derivative that rendered the solution yellow, 
but occurred at concentrations of less than 1%; thus, color 
change was considered to be an issue of cosmetics because 
all solutions retained greater than 90% of their original 
diazepam concentration. The adsorption of diazepam to 
polymeric materials in syringes resulting in a loss of potency 
has also been reported. The observed decline in the concen- 
tration of diazepam was accelerated at elevated tempera- 
tures, and is consistent with our findings33 Although this 
study was conducted in glass syringes, adsorption of diaz- 
epam to syringe components including syringe barrels, 
gasket seals, and so on remains a likely possibility. 

Diazepam and lorazepam can be stored on ambulances; 
however, the specific ambient conditions dictate the fre- 
quency of restocking. When the ambient storage tempera- 
ture is 30°C or less, ambulances carrying lorazepam and 
diazepam should be restocked every 30 to 60 days. When 
drug storage temperatures exceed 30°C, more frequent 
stocking or refrigeration is required. 
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These data underscore the importance of taking into 
consideration the fluctuations in storage temperatures on 
ambulances or other vehicles when transferring drugs from 
the pharmacy or hospital to the less stable prehospital 
setting. Failure to do so could result in a loss of efficacy in 
either diazepam or lorazepam. Both diazepam and loraz- 
epam were relatively stable when stored under temperate 
conditions, but at higher temperatures were significantly less 
stable. In warmer climates than those described here, the 
need for either on-vehicle refrigeration or more frequent 
stocking or vehicles during the summer months based on 
temperature monitoring should be considered. 
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