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Abstract: Ondansetron (OND) is a serotonin type 3 receptor antagonist that exhibits antiemetic activity.
From the clinical point of view, vomiting and nausea prevention is an important task. Anticancer
treatment and recovery impact the patient’s overall state by affecting appetite, well-being, and physical
activity, and consequently, nutrition quality. Depending on the patient’s indication and condition,
parenteral nutrition is administered to meet full nutritional requirements. In addition, antiemetic drugs
can be added to the parenteral nutrition (PN) admixture to treat chemo- or radio-therapy-induced nausea
and vomiting. However, adding any medication to the PN admixture can result in the instability of the
composition in the overall admixture. This study aimed to develop the HPLC method of determination
of OND in Lipoflex special, one of the most popular, ready-to-use PN admixtures. The proposed HPLC
method and the sample preparation procedure were suitable for analyzing OND in PN admixture
stored under various conditions, such as exposure to sunlight and temperature. It was found that the
decomposition of OND during the seven-day storage did not exceed 5% and did not depend on external
factors. Based on the conducted research, it is recommended to add OND to Lipoflex special, and it is
possible to store such an admixture for seven days.

Keywords: drug determination; parenteral nutrition; stability study; ondansetron; HPLC

1. Introduction

Ondansetron (OND) is a serotonin (5-hydroxytryptamine) type 3 receptor antagonist
that exhibits antiemetic activity. The drug belongs to a carbazole derivative containing
nitrogen and carbon rings [1]. The chemical structure is presented in Figure 1. It is struc-
turally similar to serotonin, which allows it to bind selectively to the 5-HT3 receptors. OND
is indicated as an effective antiemetic agent and is used for the prevention of nausea and
vomiting in a variety of situations, including chemo- and radiotherapy, postoperative and
pregnancy-induced nausea and vomiting [2,3]. From the clinical point of view, vomiting
and nausea prevention is an important task. Anticancer treatment and recovery impact the
patient’s overall state by affecting appetite, well-being, physical activity, and consequently,
nutrition quality. There are situations when malnutrition negates recovery prospects,
because therapy has to be postponed due to the patient’s condition. Therefore, proper
nutrition is key to successful treatment. As far as signs of malnutrition or body mass loss
are concerned, each may indicate the onset of cancer and concern healthcare profession-
als, since a lack of nutritional intervention may compromise the patient’s condition and
negatively influence prognosis. When malnutrition occurs, clinical nutrition remains neces-
sary to support the recovery process. Depending on the state of the patient’s health and
resulting nutritional needs, it is necessary to administer either oral (regular or therapeutic
diet), enteral, or parenteral nutrition (EN or PN) [4,5]. Nutritional treatment of severely
malnourished patients has become routine in most modern-day hospitals. Depending on
th e patient’s indication and condition, parenteral nutrition is administered to meet full
nutritional requirements. For instance, cancer patients receiving anticancer therapy such
as chemotherapy or radiotherapy cannot eat food enterally due to consistent nausea and
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vomiting from the anticancer drugs. Therefore, parenteral nutrition can be administered
to provide nutritional support in these types of patients. Antiemetic drugs, such as OND,
can also be added to the PN admixture to treat chemo- or radiotherapy-induced nausea
and vomiting. The addition of OND to the parenteral nutrition admixture can reduce the
risk of catheter-related infections. However, adding any drug to the parenteral nutrition
admixture can result in the instability of the admixture’s overall composition.
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PN admixture consists of various ingredients of high chemical reactivity (water,
glucose, amino acids, lipids, trace elements, electrolytes, and vitamins) co-existing in
one container. It is important to note that the PN admixture is an oil-in-water emulsion,
which explains its thermodynamic sensitivity. The physicochemical compatibility of PN
admixtures is another vital feature in the clinical point of view. Hospitalized patients
often receive drugs via an intravenous route alongside nutritional supplementation. An
additional challenge then results from the need to ensure an appropriate therapy, especially
when several drugs are administered simultaneously [6].

The method of high-performance liquid chromatography (HPLC) has been success-
fully used in the analysis of amino acids and vitamins added to the PN admixtures.
Vazquez et al. [7] developed the simultaneous determination of thirteen vitamins using
the HPLC-UV-MS-MS method. The need for tandem mass spectrometry was due to the
UV detector’s low selectivity and the lack of a suitable chromophore for some vitamins,
such as pantothenic acid. Ribeiro et al. [8] examined vitamins B1 and B6 by HPLC using
a photodiode array detector. These researchers used fluorimetry to determine vitamin
B2, and the vitamin C content was determined by iodometric titration. HPLC was also
used to determine cocarboxylase [9], vitamins A and E [10], and dehydroascorbic acid [11].
The methods of chromatographic separation and determination of vitamins B1 [12,13] and
C [14] and drugs, such as ranitidine [13], linezolid [15], cefepime [16], ceftazidime [17],
ampicillin [18], and ciprofloxacin [19] in PN admixtures were also described.

Several bioanalytical methods have been reported in the literature for the quan-
tification of OND, for example, spectrophotometric [20] and more popular liquid chro-
matography with UV [21–24] or MS [25–29] detection. Raza et al. [20] estimated drug
concentration in bulk material using the spectrophotometry method. Numerous papers
described OND determination in biological matrixes [26,29], i.e., human plasma or animal
tissues in rats [22,25], cats [27], and dogs [30]. Investigations on the determination of OND,
together with other drugs in infusion fluids, constitute a separate part. Chen et al. [24]
developed and validated the HPLC-DAD (diode array detector) method for the simultane-
ous quantification of dexamethasone sodium phosphate, OND, granisetron, tropisetron,
and azasetron hydrochlorides in infusion samples. Espinosa-Bosch et al. [31] evaluated the
stability and the compatibility of haloperidol and OND when stored in elastomeric infusors
at two temperatures (25 and 37 ◦C). In 1995, Kirkham et al. [32] described determination of
OND in PN admixtures, but in their paper, no details are stated about sample isolation and
method validation.

To the best of our knowledge, the determination of OND in Lipoflex special, one of
the most popular ready-to-use PN admixtures, has not yet been reported. This lack of
scientific information about the stability of OND in such PN admixtures prompted us to
develop and optimize the procedure of sample preparation, validate the HPLC method,
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and perform the stability assessment of OND stored at different temperatures (4 ± 2 and
23 ± 2 ◦C), with or without sunlight exposure.

2. Materials and Methods
2.1. Materials

The OND (Ondansetron 2 mg/mL solution for injection or infusion, Accord Health-
care, Harrow, UK) was added in the maximum daily dose (32 mg) to the Lipoflex special
1250 mL (B. Braun, Melsungen AG, Melsungen, Germany).

The chemicals used to prepare the mobile phase for HPLC (sodium dihydrogen
phosphate monohydrate, and acetonitrile) and reagents used in forced degradation studies
(sodium hydroxide, hydrochloric acid, and 3% hydrogen peroxide) were delivered by
Avantor Performance Materials Poland S.A., Gliwice, Poland.

2.2. Development of Sample Preparation Procedure

From an analytical point of view, it is necessary to remove the lipid phase before inject-
ing the sample into the chromatographic column. For this purpose, a sample preparation
procedure was developed. The proportions of PN admixture and organic solvent and the
time of shaking and centrifuging the samples were modified.

The following combinations of experimental conditions were tested: different volumes
of n-hexane (1, 2, 3, and 5 mL), different times of shaking (5, 10, 15, or 20 min) at 250 rpm,
and different times of centrifuging (15, 20, 25, or 30 min) at 5800 rpm.

2.3. Chromatografic Condition

The HPLC analysis was performed on an Agilent Technologies 1220 Infinity LC chro-
matograph (Santa Clara, CA, United States) with a binary pump, a DAD detector, an
autosampler, and a column oven. We adopted the literature method [33], which was dedi-
cated to analyzing impurities in drug products and raw materials. In our work, we had a
complex matrix containing numerous ingredients. As a result, we were obliged to revali-
date this method to perform OND determination in parenteral nutrition admixtures. In
our procedure, we additionally thermostated the column, whereas this condition is not de-
scribed in the European Pharmacopoeia. The mobile phase composition, stationary phase,
volume of injection, and flow rate were in agreement with the literature data. The mobile
phase consisted of acetonitrile HPLC grade (phase A) and 2.8 g/L solution of sodium
dihydrogen phosphate monohydrate, adjusted to pH of 5.4 with 12% orthophosphoric
acid (phase B). Phases A and B were mixed in a ratio of 20:80 (V/V), the flow rate was
1.5 mL/min, and the injection volume was 20 µL. The stationary phase was spherical nitrile
silica gel for chromatography (ZORBAX Eclipse XDB-CN 5 µm, Manufacturer: Agilent
Technologies, 4.6 × 250 mm). The analyses were performed at 25 ± 1 ◦C with monitoring
of the signal at 216 nm. The run-time of the experiment was 15 minutes.

2.4. Forced Degradation Study

A forced degradation study was performed to observe any significant degradation
peaks of OND on chromatograms. The following stress factors were used:

• Acidic hydrolysis: 0.1 mol/L of hydrochloric acid;
• Basic hydrolysis: 0.1 mol/L of sodium hydroxide;
• Oxidative stress: 3% hydrogen peroxide;
• High temperature: OND heated to boiling point.

The OND in Lipoflex special, at a concentration of 0.0266 mg/mL, was treated with
the reagents mentioned above or heated to high temperature for 5 minutes and was then
cooled. Afterwards, the obtained samples were injected into the chromatographic column.
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2.5. Method Validation
2.5.1. Linearity

The linearity was evaluated using measurements of six concentrations of the analyte. The
concentrations of OND in the PN admixture ranged from 0.0066 to 0.04 mg/mL. The samples
were prepared by adding 0.33, 0.67, 1.00, 1.33, 1.67, and 2.00 mL of OND into a 100 mL
volumetric flask to achieve the final concentrations. Each amount of OND was diluted to
100 mL with the PN admixture. Three separate series of calibration standards were prepared
to establish linearity. The results were examined for a linear relationship by plotting the
analyte Pi versus the corresponding concentrations, followed by ordinary least squares linear
regression (OLS) and calculating the slope, intercept, and correlation coefficient.

To define the fit of the model, the F-test and the residual plots were evaluated, and the
homoscedasticity of the data was determined following the previously used method [18].
Briefly, in case of the lack of homogeneity, the homoscedasticity was evaluated by plotting
graphs of the residuals vs. concentration. Then, weighted least squares regression (WLS)
was utilized to calculate the regression line. In the course of calculations, the appropriate
weighting factors, wi, i.e., 1

y0.5 , 1
y , 1

y2 , 1
x0.5 , 1

x , and 1
x2 , were used. Subsequently, the sums of

the percentage relative errors (∑%RE) were calculated for each model to determine the
best-fitting weighted regression line.

2.5.2. Precision and Repeatability

The repeatability (intra-day precision) and intermediate precision (inter-day precision)
were calculated by analyzing nine OND samples at concentrations of 0.0266 mg/mL. The
results were expressed as the relative standard deviation (RSD). The intra-day precision
was performed on the same day, and another analyst repeated the inter-day precision the
next day.

2.5.3. Accuracy

The accuracy was performed to obtain the closeness of the agreement between the
expected value and the determined value. Nine different samples of OND at a concen-
tration of 0.0266 mg/mL were analyzed. The results were expressed as a relative error
(εr) calculated by the relationship between the experimental concentration (Cexp) and the
theoretical concentration (Ctheoret) and defined as a percentage:

Ctheoret − Cexp

Ctheoret
× 100% (1)

2.5.4. Limit of Determination (LOD) and Limit of Quantification (LOQ)

The LOD and LOQ parameters were determined from the OLS and WLS equations.
LOD was calculated as 3.3 Sy/a, and LOQ as 10 Sy/a, where Sy is a standard error and a is
the slope of the corresponding calibration curve.

2.6. Stability Study

The samples of Lipoflex special containing OND were stored at three different condi-
tions: 4 ± 2 ◦C with light protection, 23 ± 2 ◦C with light protection, and 23 ± 2 ◦C without
light protection. HPLC analysis was performed on the day of the sample preparation and
also 24, 48, 72, 92, 120, and 144 h after preparation. Every 24 h, a volume of 3.0 mL was
withdrawn from each PN admixture and then used for chemical stability tests.

2.7. Physicochemical Assessment of PN Admixture

Stability studies were performed by analyzing the physicochemical assessment of the
PN admixture. The osmolality, pH, zeta potential, and size of the lipid emulsion particle,
expressed as mean emulsion droplet diameter (MDD), were performed. The measurements
were in accordance with the methodology described previously [34,35].
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3. Results

Lipoflex special showed appropriate parameters for intravenous administration. Di-
rectly after activating the chambers containing amino acids, glucose, and fat emulsion and
after seven days of storage at 4 ± 2 ◦C temperature, the physicochemical parameters were
in the following ranges: potential zeta from −5.82 to −5.90 mV, the MDD from 247.2 to
251.9 nm, pH from 5.50 to 5.53, and osmolality from 1997 to 1988 mOsm/kg. The addition of
a 32 mg dose of OND to Lipoflex special 1250 mL resulted in a 5.5% reduction in osmolality
and an increase in the potential zeta by 15%. The particle size of lipid emulsion and pH did
not change statistically after adding OND. On the seventh day of storage, Lipoflex special
with OND showed all parameters in a similar range as the reference sample (Lipoflex
special without OND on the seventh day of storage). The PN admixture’s physicochemical
characteristics without and with the addition of OND are presented in Table 1. The samples
were stored at 4 ± 2 ◦C without light exposure.

Table 1. Physicochemical characteristic of Lipoflex special with and without ondansetron (OND).

Parameter
Lipoflex Special Lipoflex Special + OND

1 Day 7 Days 1 Day 7 Days

Zeta Potential (mV) −5.82 ± 0.27 −5.90 ± 0.42 −4.92 ± 0.10 −5.57 ± 0.27

MDD (nm) 247.2 ± 4.1 251.9 ± 4.3 246.6 ± 3.2 253.3 ± 5.8

pH 5.50 ± 0.00 5.53 ± 0.00 5.50 ± 0.00 5.52 ± 0.01

Osmolality
(mOsm/kg) 1997 ± 3 1988 ± 1 1886 ± 33 1967 ± 13

The HPLC method was used to determine the OND content in Lipoflex special. A
total of 3 mL of Lipoflex special (reference sample) and Lipoflex special containing OND
were mixed with n-hexane, shaken, and centrifuged in order to break up the lipid emulsion.
Several variants of phase separation were tested (Table 2). The optimal combination with
n-hexane in the ratio of 1:1 was shaken for 15 min and centrifuged for 30 min at 5800 rpm.
At this ratio, the emulsion is broken and recovery is high. Differences in recovery between
3 and 5 mL are so close that we decided to use less volume of organic solvent to reduce
waste volume and environmental footprint. The obtained supernatant was filtered and
injected into the HPLC column. The chromatographic analysis of OND and Lipoflex special
components was established for 15 min. The retention time (tR) of OND was 9.4 ± 0.1 min
(Figure 2B).

Table 2. Recovery of OND in the optimization of the sample preparation process.

No. Separation Condition Recovery (%)

1
n-hexane volume (mL) 1.0

75.2Shaking time (min) 15
Centrifugation time (min) 30

2
n-hexane volume (mL) 2.0

77.1Shaking time (min) 15
Centrifugation time (min) 30

3
n-hexane volume (mL) 3.0

82.2Shaking time (min) 15
Centrifugation time (min) 30

4
n-hexane volume (mL) 5.0

82.6Shaking time (min) 15
Centrifugation time (min) 30
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Table 2. Cont.

No. Separation Condition Recovery (%)

5
n-hexane volume (mL) 3.0

81.7Shaking time (min) 5
Centrifugation time (min) 30

6
n-hexane volume (mL) 3.0

81.8Shaking time (min) 10
Centrifugation time (min) 30

7
n-hexane volume (mL) 3.0

81.6Shaking time (min) 20
Centrifugation time (min) 30

8
n-hexane volume (mL) 3.0

80.8Shaking time (min) 15
Centrifugation time (min) 15

9
n-hexane volume (mL) 3.0

82.0Shaking time (min) 15
Centrifugation time (min) 20

10
n-hexane volume (mL) 3.0

82.1Shaking time (min) 15
Centrifugation time (min) 25
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Following the ICH guidelines for analytical method validation (Q2(R1)) [36], both the
forced degradation study (acidic and basic hydrolysis, oxidative stress, and high-temperature
treatment) and validation (including method selectivity, precision, accuracy, and linearity)
were determined. The limit of detection and quantification were also calculated.

As presented in Figure 3, OND is prone to degradation in the used stress factors.
Under acidic hydrolysis, one additional peak was observed at 6.09 min, and during basic
hydrolysis of OND, three peaks were detected at 4.56 min, 6.09 min, and 6.56 min. A lower
peak of OND was observed during the oxidative stress test, the potential degradation
product interference with PN admixture compounds retention peaks. No significant peaks
were identified during the high-temperature treatment of OND.
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The HPLC method used in this study proved selective, because the OND peak on
chromatograms (Figures 2 and 3) was well separated from the remaining ingredients of the
Lipoflex special and its degradation products. The method was linear in the concentration
range from 0.0066 to 0.0400 mg/mL. Moreover, the relationship between the obtained
signal and OND concentration, calculated by ordinary least squares regression (OLS),
was characterized by a high correlation coefficient (r = 0.9995). The following equation:
Pi = 68427 × conc − 29.11, (n = 18), where Pi is peak area and conc is OND concentration,
described this relationship.

The homoscedasticity test of the data was performed to evaluate the fit of the OLS
model. The Fcalc = 12,742 was greater than the Fcrit. The residues widely distributed
around the concentration axis suggested the heteroscedasticity of the data and the need
to use the weighted least squares regression (WLS) to calculate the weighted regression
parameters. To convert the regression equation to the weighted regression equation, six
empirical weights, 1

y0.5 , 1
y , 1

y2 , 1
x0.5 , 1

x , and 1
x2 , were used. Table 3 provides the equation

coefficients slope (a), intercept (b), and correlation coefficient (r) for each weighting model.
The best-fitting model was determined by comparing the distribution of percentage relative
error (%RE) and the sums of percentage relative errors (∑%RE) (presented in Table 3). The
smallest ∑%RE = 0.089 was observed for wi =

1
y (Table 3). The same model also exhibited

the best %RE distribution and, thus, reflected the relationship between the detector signal
and concentration in the best manner.
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Table 3. Regression parameters of the analytical curve and sums of the relative errors (Σ%RE).

wi a b r ∑%RE

Ordinary
Least

Squares
1 70.412 −29.11 0.9995 −3.37

Weighted
Least

Squares

1
y0.5 70.226 −24.70 0.99946 −1.26

1
y 70.011 −20.29 0.99945 0.089

1
y2 69.490 −12.49 0.99936 −1.01

1
x0.5 70.222 −24.35 0.99946 −0.83

1
x 70.006 −19.65 0.99945 0.98
1
x2 69.503 −11.46 0.99937 0.96

Nine samples with the same concentration were used to determine the accuracy and
precision of the method and are presented in Table 4. The method’s precision expressed
as relative standard deviation (RSD) ranged from 0.42% to 0.44%. The value of accuracy,
expressed as the relative error (εr) obtained by OLS, was 1.87% for intra-day accuracy
and 1.94% for inter-day accuracy. εr based on WLS was 0.84% for intra-day accuracy and
0.91% for inter-day accuracy. The calculated relative standard deviations (RSD) were 0.42%
and 0.44% for intra-day and inter-day precision, respectively. The LOD and LOQ that
were calculated by OLS were 0.0013 and 0.0038 mg/mL, respectively. The LOD and LOQ
obtained by WLS were 0.0012 mg/mL and 0.0037 mg/mL, respectively.

Table 4. Accuracy and precision of the HPLC method.

Concentration
(mg/mL)

Accuracy (Expressed as εr) (n = 9)
Acceptance Limit: %RE < 5%

Precision (Expressed as RSD)
(n = 9)

Acceptance Limit: RSD < 5%OLS wi=1 WLS wi= 1
y

Intra-day 2.0 1.87% 0.84% 0.42

Inter-day2.0 1.94% 0.91% 0.44

The developed and validated method was used for stability studies. For seven consec-
utive days, the HPLC analysis was performed and the content of OND was calculated. The
fluctuation of the OND concentration in the sample during the storage time is presented in
Figure 4.Processes 2021, 9, x FOR PEER REVIEW 9 of 12 
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4. Discussion

Many oncological patients need medical intervention to support their nutritional
status. In this case, we used parenteral nutrition, which is one of the most widely used
solutions. This type of therapy relies on intravenous delivery of nutritional, energetic, and
regulatory ingredients in the form of an oil-in-water parenteral emulsion. Due to anticancer
treatment, oncological patients often experience vomiting and nausea, negatively affecting
their nutritional status and worsening the prognosis.

The solution may be the co-administration of parenteral nutrition with OND, a very
well-known antiemetic drug. However, the co-administration of drugs with the parenteral
nutrition admixture may cause an interaction manifested as emulsion creaming or coales-
cence, inactivation of the added drug, its precipitation, or degradation. For these reasons, it
is essential to assess the physicochemical properties of the PN admixture after combination
with the selected drug and to determine the drug stability in such intravenous emulsions.
This study aimed to develop and validate the HPLC method for the determination of
OND in Lipoflex special, one of the most popular and globally used PN admixtures. The
developed and validated HPLC method was used for assessing the OND stability in PN
admixture during the seven-day storage in different conditions.

The analysis of physicochemical properties of PN admixture, with and without OND,
confirmed that Lipoflex special and Lipoflex special containing OND upon sample prepa-
ration and after the seventh day of storage met the requirement for parenteral drugs.
PN admixture is a submicron lipid emulsion and is characterized by its thermodynamic
instability. The oil-in-water emulsion is also a dynamic system, and it is sensitive to the
alteration in the composition as well as external factors (temperature and light exposure).
The zeta potential is the potential difference between the dispersion medium and the
stationary layer of fluid attached to the particle, which allows evaluation of the strength of
electrostatic interactions between particles in a PN admixture. The zeta potential depends
on the electrolyte concentration and the pH of the sample. The pH changes may evidence
the acid-based changes in the solution. The differences in zeta potential and osmolality
observed upon OND addition are probably the consequence of the OND influence on
the acidic properties of PN admixture. This effect is stabilized during storage, which is a
reason observed seventh-day values of parameters mentioned above were similar to the
reference sample.

Due to the physical properties of PN admixtures in the form of lipid emulsion, direct
injection into the chromatographic column was impossible. Before the HPLC assay, the
sample preparation procedure was developed and optimized. To break up the lipid
emulsion, n-hexane, as an organic solvent, was used. Then, samples were shaken and
centrifuged. Based on the recovery factor of OND, the best preparation parameters were
chosen: 3.0 mL of Lipoflex special mixed with 3.0 mL of n-hexane, shaken, and centrifuged
for 15 and 30 min, respectively (Table 2).

The forced degradation studies confirmed that the used HPLC method was appro-
priate for the OND analysis in the PN admixtures. The possible degradation products
or ingredients of the PN admixture would be separated from the OND peak and would
not interfere with the OND signal (Figures 2 and 3). The stress sensitivity of both pure
drug and drug in PN admixture is confirmed by other studies. OND is susceptible to
oxidation and acid/basic hydrolysis, while it remains insensitive to decomposition under
the influence of temperature at the boiling point [23,31].

The analysis of homoscedasticity of the data demonstrates that the better model for
calculated linearity of the relationship between OND concentration and detector response
is WLS rather than OLS. The best fit was obtained for weight 1

y , which was used for further
calculations. Similar conclusions were reached when validating an HPLC method to ana-
lyze ampicillin in PN admixtures [18]. The proposed HPLC method for the determination
of OND in PN admixture is selective, precise, accurate, and linear and can be used for
assessing the stability test of the studied drug.
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As demonstrated from the results of the stability studies, OND decomposed during
storage regardless of conditions. The observed decrease in the OND content was similar
for all tested samples and did not exceed 5% throughout the test period (seven days).
According to generally accepted standards, the decrease in the drug content during storage
should not exceed 10%, so OND shows adequate stability in Lipoflex special. OND stored
in infusion fluids shows a similar stability. Casto [37] conducted stability studies of OND
stored in normal saline and 5% dextrose at −20 ◦C for up to three months, at 4 ◦C for up to
two weeks, or at 22–25 ◦C for two days, and various combinations of these conditions. The
OND concentration in each solution, regardless of storage conditions, remained above 90%.
Moreover, Ringer injection [38] was found compatible with OND for 14 days at ambient
temperature. All of these data prove stability of OND in different parenteral injection. Our
results confirm the lack of influence of the mixture components (amino acids, electrolytes)
on the accelerated degradation of the drug.

5. Conclusions

Lipoflex special ready-to-use PN admixture meets the requirements of intravenous
oil-in-water emulsions, both upon preparation (activation) and after seven days of storage.
Similarly, fulfilment of the requirements was observed for Lipoflex special containing OND
in the daily dose.

The proposed HPLC method and the sample preparation procedure were suitable
for the OND analysis in the PN admixture. The HPLC method proves to be selective and
linear in the range of 0.0066 to 0.04 mg/mL, precise (RSD = 0.42%–0.44%), and accurate
(εr = 0.84–1.94%). A validated HPLC method was used to determine the stability of OND
during storage under various conditions, such as exposure to sunlight and temperature. It
was found that the decomposition of OND during the seven-day storage did not exceed
5% and was not dependent on external factors. Based on the conducted research, it is
recommended to add OND in a dose of 32 mg to Lipoflex special 1250 mL, and it is possible
to store such an admixture for seven days.
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