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Extemporaneous omeprazole-based preparations are commonly used in hospitals; however,
there are no validated studies about physicochemical stability. This study aimed to determine if
temperature, luminosity, and the type of diluent affect the stability of omeprazole in the
extemporaneous preparation. For stability, the methodology validated previously by our group
was used. The 2k experimental design included Temperature (25°C and 35°C) and Luminosity
(covered by light and 400 Lx) variables. Diluents were evaluated at five levels: 1) Citric acid +
polyethylene glycol solution, 2) Polyethylene glycol solution, 3) Physiological saline solution,
4) Citric acid + polyethylene glycol solution + physiological saline solution, and 5)
Polyethylene glycol solution + physiological saline solution. Minitab 18 software was used for
data analysis, and the degradation kinetics were determined by linear regression. The optimal
condition for physicochemical stability was a temperature of 25°C covered by light (OM1-3h
49’, OM2-3h 2°, SSF-5h 8’, OM1SSF-2A 27°, OM2SSF-6h 23°). The diluent based on
physiological saline solution provided more than five hours of shelf-life, and more than six
hours, the diluent based on OM2 + SSF. However, the best option is physiological saline
solution, considering the accessibility of the diluent. In conclusion, environmental conditions
should be considered in extemporaneous omeprazole-based preparation since they are affected
by temperature, luminosity, and type of diluent. Assessing shelf-life prior to administration is
necessary to provide a safe and effective drug, avoiding the occurrence of side effects in
patients.

1. Introduction

Omeprazole (OMZ) is one of the most widely used drugs in
hospitals, increasing its use every year. However, the
indiscriminate use of extemporaneous omeprazole-based

remedies” for determining the shelf-life of medicines as marketed
by the pharmaceutical industry [3]. However, in the case of
extemporaneous drugs, there is no national regulation; the shelf-
life should be determined by the conditions in which the
extemporaneous preparation is made. Proper preservation is a

preparations represents a health risk. Up to 73% of patients who
receive omeprazole do not require it, and 38% of these have
shown adverse effects, which can prolong their hospital stay [1],

[2].

The requirements for evaluating stability are indicated in the
NOM-073 “Stability of drugs and medicines, as well as herbal
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prerequisite to maintaining the pharmacological and therapeutic
properties. Therefore, it is important to improve safety since it can
decrease effectiveness and modify safety due to the toxicity of
degradation products [4].

Moreover, information on the stability and storage conditions
of  extemporaneous  preparations is  limited  since
pharmacovigilance is not a common practice in our country. In
addition, generally, the unit in charge of performing such activity
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is the nursing. This can lead to errors, such as inadequate
formulation, microbial contamination, concentration, and wrong
dose calculation. Therefore, it is essential to evaluate the stability
of the drug prior to its administration to patients to avoid the risk
of adverse effects or toxicity [5].

The main conditions to retain the physicochemical stability
and the microbiological properties within the quality specifications
established in the formulation during its shelf-life and throughout
storage time, are temperature, humidity, luminosity, and type of
diluent [4], [6], [7]. Such variables can accelerate the degradation
kinetics of active ingredients and alter their efficacy and safety

(2], [3].

The shelf-life of a drug is measured by the concentration of
the active ingredient, which should be < 10% of the total dose
indicated on the product label. A percentage greater than 10%
pointed out that the drug is losing effectiveness. Also, the
degradation products could cause adverse or toxic effects on the
patients [3], [5], [8], [9], [10], [11].

The 2k design systematizes and reduces the variables to
simplify the procedure and evaluates the main effects and their
interactions [12]. In 2k factorial designs, the 2 represents the two
levels at which each variable is tested, identified as low (-) and
high (+). The k represents each of the independent variables. The
design (2*2) performs four different experiments; the variables
are identified with the letters A and B, and the interaction between
these two variables is identified with AB [13], [14].

Additionally, photosensitive drugs need to be kept covered by
light due to their characteristics [11]. Those indications are
usually mentioned in the package insert or technical data sheet.
All photosensitive drugs should be kept in appropriate containers
(protected from light) to avoid deterioration, both in the
pharmaceutical services and the hospitalization units. Many of
them are packaged by the pharmaceutical industry (in topaz glass
ampoules) to protect them from light. If this does not occur, they
should always be kept in the original package or wrapped in
aluminum foil or other opaque paper [11].

In the internal medicine area of a tertiary care hospital in the
state of Veracruz, a medication preparation service has been
available since 2014, which has allowed a decrease in the adverse
effects associated with medication (dosage, preparation, among
others). However, there are no stability studies on
extemporaneous preparations. Therefore, this study aimed to
determine whether the factors of temperature, luminosity, and
type of diluent are associated with the stability of omeprazole in
extemporaneous preparations.

2. Methods

An experimental study was carried out in the Pharmaceutical
Technology Laboratory of the School of Pharmaceutical
Biological Chemistry, Universidad Veracruzana, Mexico.

The experimental steps carried out in this study are described
in Figure 1.
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Figure 1: The flowchart summarizes the experimental design used in this study
2.1. Reagents:

The hospital provided two intravenous omeprazole
trademarks (OMZ1 lot T18J487 and OMZ2 lot OM18I15). The
OMZ reference standard was purchased from Sigma-Aldrich,
purity 99.6%, lot LRACO0716, with the supplier's certificate of
analysis.

2.2. Analytical equipment:

- UV Spectrophotometer, Beckman, model DU-7000.

- Stove, RIOS Rocha, model HS-33 adapted with 400Lx LED
lamp.

2.3. Matrix of 2¢desing:

In this study a factorial design was used, since in each trial or
complete replication of the experiment all possible combinations
of factor levels were investigated [15]. Factorial designs produce
more adequate experiments, since each observation provides
information on all factors. Thus, the response to any factor
observed under different conditions indicates whether the factors
act independently on the experimental units. Interaction between
factors occurs when their action is not independent [16].

The independent variables evaluated were Temperature,
Luminosity, and Type of diluent. The dependent variable was the
shelf-life. We performed a 2% design to determine the association
of factors involved in the stability of the active agent [13], [14].
Analyses were repeated ten times until the concentration of the
active in the extemporaneous preparation decreased by more than
10 percent. Temperature includes 25 and 35 degrees Celsius (°C).
Luminosity includes covered by light and 400 Luxes (Lx). The
diluent was evaluated at five levels, described in the next section.
The variables and their levels are shown in Table 1.

The conditions used in this study were according to standards.
The temperature of 25°C is the optimal for the preparation and
storage of non-thermolabile drugs. The second temperature was
selected after reviewing the areas of administration of the
extemporaneous preparations, with the maximum temperature at
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35°C. Concerning the luminosity, 400 Lx is what a standard
hospital lamp provides.

Table 1. Factors and levels included in the 2% desing.

Factors Levels
Low (-) High (+)
Temperature 25°C 35°C
Luminosity Covered by light 400 Lx
Lx= luxes.

The proposed design (2%) defines a total of 4 tests for each
evaluation. The combinations used in each test are presented in
Table 2.

Table 2. Matrix of 2 desing

Test Temperature Luminosity
1 (-) 25°C (-) Covered by light
2 (+) 35°C (-) Covered by light
3 (-) 25°C (+) 400 Lx
4 (+) 35°C (+) 400 Lx
Lx= luxes.

For each diluent, a four-test assay matrix was assigned. The
diluent preparation is shown below:

Diluents:

-SSF: Intravenous OMZ diluted with Physiological Saline
Solution 0.9%.

-OML1: Intravenous OMZ diluted with its diluent (Solution with
Citric Acid + Polyethylene Glycol).

-OM2: Intravenous OMZ diluted with its diluent (Polyethylene
glycol solution).

-OM1SSF: Intravenous OMZ diluted with OM1 + SSF (50:50).
-OM2SSF: Intravenous OMZ diluted with OM2 + SSF (50:50).

SSF, OM1, and OM2 are commercial diluents that the hospital
provides and used in the internal medicine area. The
manufacturers did not indicate the OM1 and OM2 diluent
concentrations. A matrix of two hundred determinations was
performed considering the design matrix (4 tests), the diluents (5),
and the ten sampling times.

Quantification method (Validation and quantification):

The OMZ quantification was previously reported and
validated by our working group [17].

Stability:

Physicochemical stability (quantification of OMZ) was
performed at the conditions of 25°C + 2°C and 35°C * 2°C, with
a lamp providing 400 Lx. Samples prepared with the diluents were
analyzed each 15 min until the concentration of OMZ decreased
> 10% [3].

Color determination

The method was obtained from the analysis 0181 “Solution
color” described in the United Mexican States Pharmacopoeia
(2014). 1t is based on the visual color of the sample (in solution)
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against reference standards in a specific color range under
established conditions [18].

The color presented in the sample, will be within the brown-
yellow-red interval. A solution is considered colorless if its
appearance is the same as that of the water or solvent used to
reconstitute it (not more intense than the reference solution B9)

Preparation of standard solutions:

Solutions were prepared as indicated in Annex Il of the FEUM
“Preparation of reference solutions.”

Procedure:

We prepared reference solutions in 10 mL tubes of equal
diameters. Then, we transfer 5 mL of the sample of omeprazole
preparation to a 10 mL test tube of equal diameter to those of the
reference solutions. Compare the sample with the reference
solutions in a horizontal plane separated from each other by 3 cm
on a white background with indirect light.

3. Results and discussion
Shelf-life

The results of the stability of the drug OMZ in its different
extemporaneous preparations are shown in Table 3 and Figure 2,
where the shelf-life times (time in hours to reach 10% degradation
of the active principle) are presented.

Regarding shelf-life, the optimal condition is covered by light
at 25°C (Test 1). According to the literature, this condition
prevents the degradation of the active ingredients [19], [20].

The diluents with the best shelf-life times (obtained in all the
conditions evaluated) were SSF and OM2SSF (Table 3 and Figure
2).

Table 3. Shelf-life times (hours).

Tests Diluents
OoM1 OoM2 SSF OMI1SSF OM2SSF
1 3h 49’ 3h2’ 5h 8’ 2h 27’ 6h 23’
2 Olh 4 Olh 16’ 02h 25’ 0lh 10’ 01h 22’
3 01h 57’ 01h 57’ 01h 4%’ 01h 48’ 02h 20’
4 Olh 4’ 0lh 15’ 02h 19’ 02h 00’ Olh 6’
712
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Figure 2. The graph shows the shelf-life of the different conditions (Tests
identified from 1 - 4, see Table 2) and the diluents evaluated.

The above results differ from those reported in the Stabilis 4.0
page, which indicates shelf-life times of 6 hours with 5% glucose
solution covered by light, without considering the temperature.
The values closest to those previously reported are those obtained
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for preparations with OM2SSF diluent (06h 23), followed by the
preparation with SSF diluent (05h 08) of shelf-life, both at
conditions of 25°C and covered by light. The literature indicates
that preparations with the SSF-based diluent presents a shelf-life
of 12 hours. However, the present study shows lower shelf-life
times than previously reported. Those results allow us to point out
that it is necessary to verify the shelf-life times reported in the
literature and check the operating conditions of each institution
center.

In the tertiary hospital where extemporaneous preparations of
OMZ are prepared, the shelf-life used is four hours, according to
the information indicated in the inserts (at room temperature <no
more than 30°C> covered by light).

Concerning the results obtained in this study, the stability
conditions recommended by the manufacturers in the insert were
not met. For OM1 (diluent with citric acid and polyethylene
glycol), under the conditions of 25°C and covered by light, a
shelf-life of 03h 49 hours was obtained. For the OM2 solution
(diluent with polyethylene glycol), a shelf-life of 03h 02 hours
was obtained. On the other hand, the conditions of 35°C and 400
Lx (OM1 and OM2) showed a shelf-life above two hours for both
solutions without completing the shelf-life mentioned in the
insert.

Figure 3 shows the predictions obtained using the Arrhenius
method for the 30°C condition of the diluents of solutions OM1
and OM2, where the comparison with the temperatures of 25°C
(circle) and 35°C (triangle), both covered by light, can be seen.
The red line on the Y axis indicates 90% of the active; the X axis
indicates the time marked on the label of the two drugs (4 hours).

Figure 3. Predicted degradation of omeprazole at 30°C (lines identified by white
circles) compared to 25°C (lines identified by black circles) and 35°C (lines
identified by triangles) with both diluents (OM1 and OM2). The intersection of
the red lines determines the time of 4 hours concerning a concentration of 90% of
the active ingredient.

Analysis of main effects (2 design)

The original design proposed in this study is a 2%, which
considers the variables temperature and luminosity for each
diluent analyzed. The results obtained for the main effects and
interaction are reported below.

Regarding the analysis of the main effects (Figure 4), the
impact of temperature on the shelf-life is more significant in the
average variation of response compared to luminosity in the
different tests with the diluents, except the SSF where the main
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effect is luminosity compared to temperature. The plots of the
main effects corroborate the significance of each of the diluents
tested.

OM1 OM2

~ OMISSF OM2SSF

Figure 4: Plots of the main effects. Behavior of OMZ with temperature and
luminosity factors in the different diluents.

Regarding the interaction effect, all the diluents present a
possible interaction between temperature and luminosity.
However, there is a complete interaction in the diluent OM1SSF,
corroborated in the interaction graphs in Figure 5.

OMlI OM2

SSF

OMISSF

OM2SSF

Figure 5. Interaction graphs. The behavior of OMZ concerning the interaction of
temperature and humidity factors in the different diluents.

The SSF diluent is the best option for the extemporaneous
preparation of OMZ, considering the luminosity, since it is the
variable that most affects it. Those will provide better control of
the preparation since it is easier to control the luminosity [11].

The diluent least affected by the main effects and by the
interaction is the OM2SSF, presenting good shelf-life times. The
difficulty of the preparation is the availability of the diluent
polyethylene-glycol since its preparation is limited to the
manufacturer's availability [7].
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On the other hand, the diluent with the greatest variation was
the OM1SSF, where temperature and luminosity decreased the
shelf-life. This preparation presented the biggest interaction and
the lowest shelf-life.

Solution color

Simultaneously to the quantification of the active ingredient,
color determinations were made by comparison with standards.
The results are presented in Figure 4.

ML LLE

Figure 4. Color standards used for solution color testing. GY = color scale
according to pharmacopoeia within the brown-yellow-red interval. GY1
represents the highest intensity.

Omeprazole is a photosensitive drug, so when exposed to
light, it shows slight coloration, as evidenced in this test. Tables
4, 5, and 6 show the samples that presented coloration when
exposed to 400 Lx. The coloration with the greater intensity was
at 25°C temperature. There were no visual differences between
the diluents (OM1 versus OM2, and SSF versus OM2SSF)
(Tables 4 and 5) except the OM1SSF mixture (Table 6), which
exhibits a coloration that occurs at 25°C with 400 Lx.

In this analysis, there is no direct relationship between the
appearance of color in the preparation and the degradation of
omeprazole. However, there is a direct relationship between the
color appearance in the solution and the exposure to 400 Lx
luminosity. These results suggested a decrease in the appearance
of color in extemporaneous preparations of omeprazole
intravenous solution.

One of the main limitations of this study is that stability
studies could not be performed during storage time; however, the
results indicate that pharmacovigilance studies applied to
extemporaneous preparations are necessary to inform the nursing
department about the correct conditioning of the extemporaneous
preparation to provide a safe and effective drug, avoiding the
occurrence of side effects in patients [5].

Table 4. Staining of the diluent solution OM1 and OM2.

T0 T1 T2 T3 T4 T5 T6 T7 T8 T9
25°C-CIL GY7 GY7 GY7 GY7 GY7 GY6 GY6 GY5 GY4 GY3
35°C-C/L GY7 GY7 GY7 GY6 GY6 GY6 GY5 GY4 GY4 GY3

25°C — 400Ix GY7 GY7 GY6 GY6 GY4 GY3 GY3 GY2 GY2 GY2

35°C — 400Ix GY7 GY7 GY7 GY6 GY5 GY5 GY4 GY3 GY2 GY2
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GY = color scale according to pharmacopoeia within the brown-yellow-red
interval. GY1 represents the highest intensity. C/L = cover of light. No difference
was observed between solutions OM1 and OM2.

Table 5. Staining of the diluent solution SSF and OM2SSF

TO T1 T2 T3 T4 T5 T6 T7 T8 T9
25°C-CIL GY7 GY7 GY7 GY7 GY6 GY6 GY5 GY5 GY4 GY3
35°C-C/L GY7 GY7 GY7 GY6 GY6 GY6 GY5 GY4 GY4 GY3

25°C — 400Ix GY7 GY7 GY6 GY6 GY4 GY3 GY3 GY2 GY2 GY2

35°C — 400Ix GY7 GY7 GY7 GY6 GY5 GY5 GY4 GY3 GY2 GY2

GY = color scale according to pharmacopoeia within the brown-yellow-red
interval. GY1 represents the highest intensity. C/L = cover of light. No difference
was observed between solutions SSF and OM2SSF.

Table 6. Staining of the diluent solution OM1SSF

T0 Tl T2 T3 T4 T5 T6 T7 T8 T9
25°C-CIL GY7 GY7 GY7 GY7 GY6 GY6 GY5 GY4 GY3 GY3
35°C-C/L GY7 GY7 GY7 GY6 GY6 GY5 GY4 GY4 GY3 GY3

25°C — 400Ix GY7 GY6 GY6 GY6 GY3 GY3 GY2 GY2 GY2 GY2

35°C - 400Ix GY7 GY7 GY7 GY6 GY5 GY4 GY4 GY3 GY2 GY2

GY = color scale according to pharmacopoeia within the brown-yellow-red
interval. GY1 represents the highest intensity. C/L = cover of light.

4, Conclusion

The stability of the extemporaneous preparation of OMZ -
intravenous solution is affected by temperature, luminosity, and
type of diluent. Temperature was the variable with the main
impact on shelf-life, with the shelf-life at 25°C except for the SSF
solution, whose effect was mainly due to luminosity. Regarding
luminosity, the optimal condition is preparing extemporaneous
solutions covered by light. The optimal diluent for the
extemporaneous preparation of OMZ is based on a physiological
saline solution due to its longer shelf-life and no commercial
brand limitations for its preparation. Concerning the staining of
solutions, it is necessary to protect Omeprazole preparations from
light, regardless of the diluent used, to ensure the effectiveness
and safety of the drug. These conditions are necessary for the good
management of omeprazole in the hospital setting, for its
suitability for clinical use, and to avoid ineffectiveness and toxic
effects associated with its irrational use.
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