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ABSTRACT: The present study involves the development of a reverse-phase
HPLC method employing the quality-by-design methodology for the estimation of
posaconazole and hemp seed oil simultaneously in nanomicelles formulation. The
successful separation of posaconazole and hemp seed oil was achieved together,
and this is the first study to develop and quantify posaconazole and hemp seed oil
nanomicelles with linoleic acid as the internal standard and developed a dual drug
analytical method employing a quality-by-design approach. The study was
performed on a Shimadzu Prominence-I LC-2030C 3D Plus HPLC system with
a PDA detector and the Shim-pack Solar C8 column (250 mm × 4.6 mm × 5 μm)
for analysis with a mobile phase ratio of methanol:water (80:20% v/v) maintaining
the flow rate of 1.0 mL/min. The final wavelength was selected as 240 nm and the
elution of hemp seed oil and posaconazole was obtained at 2.7 and 4.6 min,
respectively, with a maximum run time of 8.0 min. Box Behnken design was
employed to optimize the method, keeping the retention time, peak area, and theoretical plates as dependent variables, while the
mobile phase composition, flow rate, and wavelengths were chosen as independent variables. Parameters such as specificity, accuracy,
robustness, linearity, sensitivity, precision, ruggedness, and forced degradation study were performed to validate the method. The
calibration curves of posaconazole and hemp seed oil were determined to be linear throughout the range for concentration. The
suggested approach can be effectively utilized for estimating the content of drugs from their nanoformulation and proved suitable for
both in vivo and in vitro research.

■ INTRODUCTION
Despite the reality that many fungal strains have inhabited the
environment, about 500 species are considered opportunistic
pathogens in humans. Many fungal species found in nature
have been a component of regular flora living in animals and
people. Infections caused by fungi may vary from frequent,
moderate, and superficial to fatally invasive diseases,
particularly among patients with weak immune systems.
Almost bulks of invasive fungal infections (IFIs) are associated
with higher morbidities and deaths in immunocompromised
patients suffering from cancer, HIV, transplantations, infants,
and individuals.1 It is estimated that billions of people
worldwide get affected by harmful fungi, with about 1.5
million casualties occurring annually.2 The persistent like-
lihood of IFIs as well as the considerable mortality associated
with fungal diseases in immunocompromised patients neces-
sitates the use of dual antifungal medication.
Posaconazole is an antifungal agent of the triazole category,

shown in Figure 1a,3 produced through itraconazole, shown in
Figure 1b,4 which performs similar functions by lanosterol
enzyme inhibition and hampering ergosterol biosynthesis
required by the membrane of fungal cells like different azole

analogues. This drug is approved for the treatment of IFIs in
patients suffering from oropharyngeal candidiasis, coccidioido-
mycosis, fusariosis, mycetoma, and chromoblastomycosis.5 It is
also given as a prophylactic medication in acute myeloid
leukemia patients undergoing induction chemotherapy and
recipients who receive treatment for immunosuppression after
hematopoietic stem cell transplant (HSCT) along with
myelodysplastic syndrome (MDS) patients with a risk of IFI
development due to long periods of neutropenia.5 Posacona-
zole is highly suggested for the therapy of mucormycosis in
combination with amphotericin-B (AmB) for the treatment of
refractory illnesses or in cases of resistance to earlier
medications.6 In vitro and animal studies have been performed
to observe the synergistic action of posaconazole coupled with
either micafungin or caspofungin.7 Synergistic in vitro as well as
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in vivo activities of posaconazole combined with caspofungin
against Candida albicans have been reported.8

Cannabis sativa L., commonly known as Hemp is used
widely for its nutritive, medicinal, and textile benefits as it
contains oils, phytochemical compounds, and fibers.9,10 The
plant has become a promising source of therapeutic agents for
its potent antioxidant activities.11,12 It is used for the treatment
of various ailments including eczema, psoriasis, osteoporosis,
premenstrual syndrome, menopause, multiple sclerosis, dia-
betes, and body care. Although hemp seed oil has the presence
of Δ-9-tetrahydrocannabinol (THC), one of the primary
psychoactive constituents of marijuana, these are present in
very minute quantities and are estimated to be less than
0.2%;13,14 therefore, it does not require a specialist’s certificate
for use.15 Hemp oil has been observed to contain a high
proportion of antioxidant compounds and therefore aids in
boosting the immune response and is also reported to have
fewer adverse effects.16

Over the past decades, nanomicelles have sparked enormous
attention toward the diagnosis and treatment of a variety of
ailments, ending with FDA approval.17 These are typically
made from amphiphilic polymers that are formed in a solvent
with a hydrophilic exterior and a hydrophobic reinforced
layout of nanomolecules.18 The presence of a lipid-soluble
center increases water solubility, thus permitting controlled
pharmaceutical delivery.18,19 When prompted by stimuli like
temperature or pH, they release medicines, resulting in
improved specificity and lesser side effects.18 During usual
physiological conditions of pH 7.2, the medication remains
contained within them, but during acidic conditions, the
medicinal compounds are released in the specified portion of
the body where treatment is required. The functions of the pH
factor play an important role in triggering and causing the
medicine to be released in the preferred location.20 Addition-
ally, their small particle size increases the period of stay in the

bloodstream, hepatic passage, filtering via the spleen, renal
elimination, cell uptake, as well as the ability to cross
epithelium membrane boundaries.21 Such elements all help
to increase drug bioavailability.22

Nowadays, there is a wave in the universal trend of shifting
from synthetic derivatives to herbal medicines, which is known
as “Return to Nature”. There are a lot of reasons for these
natural products gaining interest because of their nontoxic
nature, having fewer side effects, and being cost-effective.23

The combination of synthetic drugs with phytoadjuvants can
overcome the challenge of synthetic drug treatment as there is
a reduction in the high doses of synthetic moieties when used
alone, which further reduces the adverse effects, high costs of
treatment, toxicity, and multidrug resistance and provides a
synergistic and additive action, which can be further used for
industrialization.24 The usage of herbs counted as an important
hand in conventional antifungal therapy because their active
constituents in combination with an antifungal regimen are
likely to reduce the minimum effective dose of the drugs and
further provide a lot of benefits.25

The synergistic effects of posaconazole and hemp seed oil
have not been studied previously. Hence, this study would
provide a better understanding of their effects. The current
study aims to develop, quantify, and validate posaconazole and
cold-pressed hemp seed oil with its major constituent linoleic
acid as shown in Figure 1c26 for a dual drug analytical method
and its validation through reverse-phase high-performance
liquid chromatography (RP-HPLC).27

■ MATERIALS AND METHODS
Materials. Posaconazole was purchased from TCI Chem-

icals and the extracted hemp seed oil was obtained as a gift
sample from Kumaokhand AIH Pvt., Ltd. Transcutol HP,
PLGA, Tween 80, Precirol ATO 5, and poloxamer 188 were
purchased from Sigma-Aldrich. The experiment was conducted
using high-grade chemicals for HPLC.
Methods. Instrumentation and HPLC Conditions. The

Shimadzu Prominence-I LC-2030C 3D Plus instrument
manufactured in Japan was used for high-performance liquid
chromatography. The analytes were distinguished through a 5
μm column (C8) with a length of 250 mm and width of 4.6
mm using a Shim-pack Solar, Shimadzu, Japan, in reverse
phase (RP) under appropriate wavelengths of 230 nm for
hemp seed oil and 262 nm for posaconazole. The method was
developed at 240 nm and the maximum absorption of the
analytes was observed. We used 80:20 ratios of methanol and
water as the mobile phase composition, freshly prepared,
degassed, and filtered using a nylon membrane of 0.22 μm
before utilization. The temperature of the column was kept
constant at 30°C and the rate of flow was 1 mL/min, with 8
min of run time.

Standard and Working Solution Preparation. Standard
solutions were made for both the analytes (A1�posaconazole;
A2�hemp seed oil) using methanol to obtain a concentration
of 1000 μg/mL. 2 mL of the standard solution was taken and
mixed in methanol to make stock B1 along with stock B2 by
reaching a concentration of 200 μg/mL and further diluting it
using methanol to create a blended working solution of stock
in varying concentrations of 20, 40, 60, 80, 100, and 120 μg/
mL accordingly for the analytes separately.28 Moreover, the
preparations of both the analytes were identically processed for
quality control analysis after filtration of the solutions using
0.22 μm Milford Millifilter, MA.

Figure 1. (a) Structures of posaconazole, (b) itraconazole, and (c)
linoleic acid.
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RP-HPLC Method Optimization. Box Behnken designing
was used to optimize the suggested technique, in which
response variables were six, while factor variables were three.
The independent variables tested were flow rate (A),
wavelength (nm) (B), and organic solvent content in the
mobile phase or mobile phase composition (C), while the
dependent variables were posaconazole retention time (RT)
(Y1); hemp seed oil retention time (Y4), posaconazole area
(Y2), hemp seed oil area (Y5), posaconazole theoretical plates
(TP) (Y3), and hemp seed oil theoretical plates (Y6). The
Design Expert software of STATEASE Inc. was used to run 29
tests with polynomial formulas to examine the overall
responses, Y (eq 1)

(1)

The terms used for the quadratic equation (eq 1) were AB, BC,
AC, A2, B2, and C2. The independent variables A, B, and C
denoted the flow rate, wavelength, and organic phase content
in the mobile phase, respectively. The variable β0 was the
intercept, while β1, β2, and β3 were linear coefficients. The
coefficients for interaction were β12, β13, and β23, while the
quadratic coefficients were β11, β22, and β33.

Analysis of variance (ANOVA) was used to verify the
models’ significance, while the response surface methodology
(RSM) was utilized to establish the relationship between
independent and dependent variables.

Validation of the Method. This methodological approach
has been verified for linearity, specificity, robustness, rugged-
ness, suitability test of the system, precision, detection, and
quantification limit. Stability was performed under various test
conditions.29

System Suitability Analysis. System suitability analysis is an
essential component of the liquid chromatographic procedure
to ensure that the methodology and the entire system for
testing are reproducible and appropriate for the desired
purpose. The system suitability analysis was performed at 20
μg/mL moderate quality control level after injection replicates
and the results analyzed using the peak area, retention time,
and the column’s theoretical plates. The volume of injection
was 10 μL of posaconazole and 1 μL of linoleic acid. According
to the guidelines of the United States Food and Drug
Administration, the system suitability analysis requires that the
relative standard deviation (% RSD) of the responses (peak
area, retention time) should be less than 2%. Similarly, the
theoretical plates of the column should be more than 2000.28

Specificity. An important feature of HPLC is the specificity
that relates to the system’s analytical capacity to extract

Figure 2. 3D response surface graphs illustrating the effect of flow rate (mL/min), wavelength (nm), and mobile phase composition, on (a1−a3)
theoretical plates, (b1−b3) retention time, and (c1−c3) peak area of hemp oil.
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analytes from complicated samples. It is determined through
the comparison of chromatograms of single solutions and their
samples and a blank solution without posaconazole and hemp
seed oil at levels of moderate quality control.

Linearity. Different strengths of mixed solutions of stand-
ards containing concentrations of the target at 100, 200, 300,
400, 500, and 600 μg/mL were taken to observe hemp seed oil,
while the concentrations of 20, 40, 60, 80, 100, and 120 μg/mL
were taken for posaconazole. The percentages were created
accordingly to evaluate linearity. Separate curves for
posaconazole and hemp seed oil calibration were drawn with
an area of the peak on the y-axis and specific concentrations on
the x-axis. The equations for regression were computed along

with the response factor by simple division of the area of peak
by concentration.

Sensitivity. The analytical method’s sensitivity was calcu-
lated using detection limit (LOD) because the concentration
offers a signal-to-noise proportion of 3:1 and quantification
limit (LOQ) as it produces a signal-to-noise of around 10:1
with lower than 10% RSD. To calculate the detection and
quantification limit, the formula used was A = kσ/S where A is
the detection limit or quantification limit, σ is the standard
deviation (SD) of peak area response, and S depicts the slope
observed through the curves of calibration. The value of k for
the detection limit was 3.3 and the quantification limit was 10.

Robustness. The test was carried out to evaluate the
method’s appropriateness by varying chromatographic con-

Figure 3. 3D response surface graphs illustrating the effect of flow rate (mL/min), wavelength (nm), and mobile phase composition, on (a1−a3)
peak area, (b1−b3) theoretical plates, and (c1−c3) retention time of posaconazole.
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ditions. The column temperature was varied from 25 to 35 °C
and the wavelength of detection of posaconazole and hemp
seed oil was varied from 235 to 245 nm. 100% of the
concentration target at 100 μg/mL moderate quality control
level was injected in triplicates for each chromatographic
condition stated above. The % RSD of the average area of the
peak along with the percentage of recovery of posaconazole
and hemp seed oil was used to assess the method’s robustness.
Its optimum level must not be higher than 2%.28

Accuracy. The test method’s accuracy is defined as the
closeness between the predicted and discovered values. The
suggested method’s accuracy was assessed by the percentage
recoveries of the analytes at quality control levels of 50, 100,
and 150 % with three replicates of the sample to be injected
per concentration. The standard error (SE) and mean
percentage recoveries of posaconazole and hemp seed oil
following the % RSD were evaluated using the formula given
below (eq 2)

(2)

Precision. The measurement of precision for the method
was to assess numerous replicates in distinct scenarios. The
method’s precision for the interday test was evaluated by
analyte samples of quality control with three replicates of each
drug sample for 3 continuous days and the same day as well.
The analyte’s area of peak and percentage of recovery were
observed, and calculation of % RSD with values less than 2%
along with the retention time, area, and column theoretical
plates was done.30

Preparation of Posaconazole−Hemp Seed Oil Nano-
micelles. The nanoprecipitation approach was used to create
posaconazole and hemp seed oil nanomicelles using PLGA.31

Furthermore, a 1% solution of PLGA was made by the
dissolution of acetone and the polymer PLGA (50:50).
Different amounts of posaconazole and hemp seed oil were
dissolved in 1% acetone and PLGA solution (5 mL) in three
distinct solutions with ratios of 15:1, 10:1, and 5:1 after careful
assessment of acceptable surfactant concentrations. The
organic phase was mixed in an aqueous medium (50 mL)
containing poloxamer 188 at a specified concentration of 0.3
mL/min while stirring at a constant speed. The final
formulation turned milky immediately due to the formation
of nanomicelles. After 6 h of evaporation at 60° C,
approximately 30 mL of posaconazole−hemp seed oil
nanomicelles formulation was obtained.32−34

Stability Studies. Studies for stability were carried out to
evaluate solutions at different quality control measures and in
various circumstances such as the time duration of the freeze−
thaw cycle. Aliquots of samples were tested for thaw at 37 °C
unaided and were frozen for a day at −20 °C. To observe
stability for a short duration, the quality control sample was
kept at 37 °C and tested after 4 and 12 h. Stability tests for the
long duration were conducted at −20 °C for 14 days.
Moreover, the analyte solutions of the standard were tested for
6 h at 37 °C and 14 days at −20 °C. These tests were
performed three times and were evaluated by the percentage of
recovery and mean SD within an appropriate range.

■ RESULTS AND DISCUSSION
Development and Optimization. The design of Box

Behnken was effectively used to optimize and yield the

experimental 3D graphs that depict the influence of factors on
response variables. The projected values of r2 agreed rather
well with the amended value of r2. Furthermore, the large
values of the amended r2 demonstrated a strong connection
between the fitted model and the data obtained from the
experiment. Equations of polynomials were utilized to
determine the real relationship between the responses and
the variables. The response obtained was a positive value
denoting an impact that supports optimization, while a
negative value denotes an inverse connection between the
variables. Through the quadratic equation, the values observed
were negative in dual terms (AB and BC) of interaction, while
the interaction of AC produced a positive result of the Y1
response.
Figure 2a1−a3,b1−b3,c1−c3 depicts the influence of

independent variables (A�flow rate, B�wavelength (nm),
and C�organic solvent content in the mobile phase (mobile
phase composition)) on the theoretical plates, retention time,
and area (mAU) of hemp seed oil, respectively. Similarly,
Figure 3a1−a3,b1−b3,c1−c3 depicts the influence of inde-
pendent variables (A�flow rate, B�wavelength (nm), and
C�organic solvent content in the mobile phase (mobile phase
composition)) on the theoretical plates, retention time, and
area (mAU) of posaconazole, respectively. The model F-value
of 8.16 was obtained for posaconazole, which implied that the
model was significant.
As depicted in Figure 2a1−a3, the hemp oil produced the

following changes on theoretical plates as described. A
significant effect was seen on the theoretical plates upon
changing the flow rate. As the flow rate increased, the
theoretical plates were reduced. In the case of mobile phase
composition, the theoretical plates were increased initially but
reduced as the composition increased to 80:20. On the other
hand, wavelength also had a similar significant effect. As the
wavelength increased from 235 to 240, a decreasing trend in
the theoretical plates was observed although the TP of hemp
starts increasing when the wavelength was increased to 245.
As observed in Figure 2b1−b3, the hemp oil produced the

following changes in retention time as described. As the flow
rate was increased, the retention time was slightly reduced.
Similarly, RT was also shifted slightly upward after increasing
the wavelength. On the other hand, RT was reduced drastically
after increasing the mobile phase composition, indicating the
most significant effect of composition on the RT of hemp.

Table 1. System Suitability Parameters of Posaconazole and
Hemp Seed Oil

system suitability
parameters

retention
time (min)

peak area
(mAU)

theoretical
plates (N)

tailing
factor

posaconazole 4.65 289,173 5072 1.06
4.66 289,669 5064 1.06
4.66 289,500 5070 1.06

mean 4.66 289,447.30 5068.70 1.06
SDa 0.005 252.15 4.16 0.002
RSDb 0.12 0.08 0.08 0.19
hemp seed oil 2.77 1649 4517 1.21

2.78 1620 4517 1.22
2.77 1680 4530 1.23

mean 2.77 1649.66 4521.33 1.22
SDa 0.005 30.005 7.503 0.009
RSDb 0.19 1.81 0.16 0.74

aStandard deviation. bRelative standard deviation.
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As depicted in Figure 2c1−c3, the hemp oil produced the
following changes in the area (mAU). A drastic increasing
trend in the area of hemp was observed when the flow rate was
increased. Second, when the wavelength was increased, the
area was significantly reduced, whereas the mobile phase
composition did not show any significant effect on the area of
hemp.

As depicted in Figure 3a1−a3, the area of posaconazole has
been assessed and the following changes have been described.
As the flow rate increased, the area slightly increased. The most
significant effect was seen in the case of wavelength: as the
wavelength increased, the area of PCZ increased drastically.
On the other hand, no change in the area was observed after
changing the mobile phase composition.

Figure 4. (a) Chromatogram of a combination of hemp seed oil and posaconazole, (b) posaconazole, (c) linoleic acid (IS), and (d) hemp seed oil.
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In Figure 3b1−b3, the theoretical plates of posaconazole
have been assessed and the following changes have been
described. Theoretical plates were significantly increased
initially and then decreased upon increasing the flow rate,
wavelength, and composition.
In Figure 3c1−c3, the retention time of posaconazole has

been assessed and the following changes have been described.
When the composition of methanol increased, the retention
time was significantly reduced, indicating the most significant
change after changing the composition. On the other hand, no
change in the RT was observed after changing the flow rate
and wavelength.
The content of methanol influenced the area. The model F-

value of 68,639.22 was observed for hemp oil, which implied
that the model is significant. There is only a 0.01% chance that
an F-value this large could occur due to noise.
Lastly, the software of designing indicated the value for an

optimized result of factors such as the content of methanol
(organic solvent), 1 mL/min rate of flow, and the wavelength
along with other responses of these values were determined to
be better than similar nanoparticles. The equations of the
terms are given below (eqs 3−8)

(3)

(4)

(5)

(6)

(7)

(8)

The terms A, B, and C are independent variables, namely, flow
rate (A), wavelength (nm) (B), and organic solvent content in
the mobile phase or mobile phase composition (C), while the
dependent variables are posaconazole retention time (RT)
(Y1), hemp seed oil retention time (Y4), posaconazole area
(Y2), hemp seed oil area (Y5), posaconazole theoretical plates
(TP) (Y3), and hemp seed oil theoretical plates (Y6).
The wavelength selection for posaconazole hemp seed oil

was very critical for effective separation of both analytes, and
better separation was achieved at 240 nm wavelength because
it was established by previous works that posaconazole was
better separated at 260 nm and hemp seed oil showed better
elution at much lower wavelength ranging from 214 to 228 nm.
The C8 column showed better elution of both analytes at 240
nm with varying mobile phase compositions of methanol and
water because of its composition, enabling low absorption of
ionic compounds and good shape of peaks. Also, the C8
column performs better resolution at low pressure with a wider
pH ranging from 2 to 9. Shim-pack Solar C18 and C8 columns

Table 2. Results of Linearity for Calibration Curve Plots of
Posaconazole

s.
no

concentration of
posaconazole (μg/mL)

average peak
area ± SDa (n = 3) (mAU)

%
RSDb

1 20 265,540 ± 1335.20 0.50
2 40 643,582.5 ± 3450.73 0.53
3 60 977,794 ± 53.53 0.005
4 80 1,309,046 ± 295.02 0.02
5 100 1,643,132 ± 19,772.82 1.19
6 120 1,909,879 ± 38,656.31 2.04

aStandard deviation. bRelative standard deviation.

Table 3. Results of Linearity for Calibration Curve Plots of
Hemp Seed Oil

s.
no

concentration of hemp seed
oil (μg/mL)

average peak
area ± SDa (n = 3) (mAU)

%
RSDb

1 100 1788.33 ± 34.25 1.95
2 200 4441.66 ± 37.49 0.84
3 300 6234.66 ± 128.68 2.03
4 400 8554 ± 37.24 0.43
5 500 10,442.33 ± 128.53 1.22
6 600 12,159.33 ± 214.93 1.74

aStandard deviation. bRelative standard deviation.

Table 4. Robustness of Posaconazole Observed at 235, 240, and 245 nm Wavelengths along with 25, 30, and 35 °C

number of formulations peak area at 235 nm peak area at 240 nm peak area at 245 nm peak area at 25 °C peak area at 30 °C peak area at 35 °C
F1 248,796 289,173 359,327 281,411 289,173 281,835
F2 245,594 287,919 358,356 280,341 287,919 280,770
F3 244,510 286,574 356,679 279,579 286,574 279,730
F4 244,657 286,666 353,810 275,421 286,666 279,239
F5 244,500 286,449 355,912 280,575 286,449 279,368
F6 244,525 286,499 356,354 281,132 286,499 279,539
mean 245,430.3 287,213.3 356,739.7 279,743.2 287,213.3 280,080.2
SDa 1702.04 1108.24 1935.31 2212.14 1108.24 1018.38
RSDb 0.69 0.38 0.54 0.79 0.38 0.36

aStandard deviation. bRSD: relative standard deviation, F: formulation.
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are packed with high-purity silica gel or inertness. The silica gel
has higher surface area and is fully end-capped with good
hydrophobic retention, making this column very effective for
analytes separations.
The optimization results of the developed method possessed

the parameters such as theoretical plates, retention time, and
area of both posaconazole and hemp oil using different factors
and assessing their responses. By systematically varying these

input parameters and analyzing the resulting output responses,
we identified the optimal process conditions for producing
posaconazole and hemp seed oil nanoparticles with their
desired properties.
Method Validation. System Suitability Test. The mean

retention time of posaconazole was observed to be 4.66 min
and the % RSD of the area was determined to be 0.08. The
mean retention time of hemp seed oil was estimated to be 2.77
min and the % RSD of the area evaluated was 1.81, as shown in
Table 1. The injections of posaconazole had a % RSD of the
column’s theoretical plates of 0.08, and the tailing factor (TF)
was determined to be 1.06. The injection of hemp seed oil
produced 0.16% RSD of the column’s theoretical plates, and
the tailing factor was observed to be 1.22 as shown in Table 1.
The theoretical plates had a larger number for posaconazole
and hemp seed oil, which was deemed adequate for the
suitability test of the system. The area had the % RSD within
the recommended range of the standard. Therefore, the
findings demonstrate that the suggested method of HPLC
proved sufficient in producing data of adequate standard.

Specificity. The chromatograms of the exact content of the
blank target solution of posaconazole and hemp seed oil

Table 5. Robustness of Hemp Seed Oil Observed at 235, 240, and 245 nm wavelengths along with 25, 30, and 35° °C
number of formulations peak area at 235 nm peak area at 240 nm peak area at 245 nm peak area at 25 °C peak area at 30 °C peak area at 35 °C

F1 2025 1649 1110 2039 1649 198
F2 2026 1647 1101 2152 1647 191
F3 1992 1631 1099 2161 1631 225
F4 2017 1641 1094 2040 1641 243
F5 2000 1618 1085 2082 1618 200
F6 2018 1649 1118 2098 1649 209
mean 2013 1639.16 1101.16 2095.33 1639.16 211
SDa 13.88 12.43 11.65 52.80 12.43 19.56
RSDb 0.68 0.75 1.06 2.52 0.75 9.27

aStandard deviation. bRSD: relative standard deviation, F: formulation.

Table 6. Analytical Results of Accuracy of Posaconazole and Hemp Seed Oil

concentration recovered (μg/mL) % concentration found

concentration (μg/mL) R1c R2 R3 R1 R2 R3 mean% SDa % RSDb standard error

Posaconazole
20 20.26 19.95 20.11 101.3 99.8 100.6 100.5 0.775 0.771 0.45
40 40.31 39.86 39.28 100.8 99.7 98.2 99.5 1.291 1.297 0.75
60 60.19 59.51 60.32 100.3 99.2 100.5 100.0 0.725 0.725 0.42

Hemp Seed Oil
100 100.12 100.24 100.09 100.1 100.2 100.1 100.2 0.079 0.079 0.05
200 200.29 200.45 199.98 100.1 100.2 100.0 100.1 0.119 0.119 0.07
300 300.34 299.76 300.12 100.1 99.9 100.0 100.0 0.098 0.098 0.06

aStandard deviation. bRelative standard deviation. cRepresentative sample.

Table 7. Precision Table Showing Intraday and Interday Analysis of Posaconazole

n1 n2 n3 avg SDa % RSDb

Intraday
20 (μg/mL) 266,562 264,879 264,518 265,320 1090.92 0.41
40 (μg/mL) 642,969 642,598 644,196 643,254 836.33 0.13
60 (μg/mL) 962,091 976,584 993,497 977,391 15,718.53 1.60

Interday
20 (μg/mL) 288,427 279,458 286,985 284,957 4816.25 1.69
40 (μg/mL) 696,176 694,158 694,125 694,820 1174.73 0.16
60 (μg/mL) 1,038,334 1,045,870 1,064,256 1,049,487 13,334.08 1.27

aStandard deviation. bRelative standard deviation.

Table 8. Precision Table Showing Intraday and Interday
Analysis of Hemp Seed Oil

n1 n2 n3 avg SDa % RSDb

Intraday
100 1750 1760 1725 1745 18.02 1.03
200 4218 4329 4298 4282 57.27 1.33
300 6135 6280 6289 6235 86.43 1.38

Interday
100 1592 1560 1550 1567 21.93 1.39
200 3994 3945 3897 3945 48.50 1.22
300 6585 6547 6500 6544 42.57 0.65

aStandard deviation. bRelative standard deviation.
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standard solution and their mixed solution were compared to
assess specificity. 10 μL of the sample was injected into the
HPLC system with the help of an autosampler. The retention
times of posaconazole and hemp seed oil were found to be 4.6
± 0.033 and 2.7 ± 0.074 min, respectively, as shown in Figure
4a. The retention times of both analytes were consistent in
pure solutions, as shown in Figure 4b−d, and their mixtures.
Furthermore, the coeluting peaks did not show any
interference, thus indicating the specificity of the method.

Linearity. The curves of calibration illustrated linearity with
posaconazole and hemp seed oil having their mean area of
peak plotted over their respective concentrations on the graph.
The findings show a linear correlation across the concentration
of the analyte in the range of 20−120 and 100−600 μg/mL for
posaconazole (Table 2) and hemp seed oil (Table 3),
respectively. The equation for linearity and r2 of posaconazole
were y = 16,502x − 30,331 and r2 = 0.9978 and those of hemp
seed oil were y = 20.622x + 52.422 and r2 = 0.9957, which
were obtained from the data of regression. These findings
suggested a relationship of linearity between the concentration
of analytes and their mean area of resulting peaks.

Sensitivity. The LOD of posaconazole was 4.98 μg/mL and
a LOQ of 15.08 μg/mL was observed. The LOD of hemp seed
oil was 28.76 μg/mL and the LOQ of 90.17 μg/mL was
observed. The findings reveal that the method is extremely
sensitive compared to the earlier approaches.35

Robustness. The analytical method’s robustness was
assessed by examining the influence of minor changes in the
column temperature, organic solvent content in the mobile
phase, and the wavelength of detection. These findings
revealed that minor changes in chromatographic conditions
of the method did not produce a major effect on the retention
time of analytes, theoretical plates, and area as shown in Tables
4 and 5 for posaconazole and hemp seed oil, respectively.
These results suggest that the method is robust and
reproducible.36

Accuracy. Accuracy is expressed as a percentage of recovery
denoting the closeness to real value. The percentage recoveries
of all of the quality control levels were 99.5−100.5% for
posaconazole and 100.0−100.2% for hemp seed oil, as shown
in Table 6. The findings were determined to be in the
acceptable range, demonstrating the usability of an established
approach for regular analysis of the drug. This method was
ascertained to be accurate after a good recovery of values.37

Precision. Precision measures the signal-to-noise ratio. A
ratio greater than 4 is desirable. The ratio of 158.897 indicated
an adequate signal. For posaconazole, the area of the peak had
a % RSD of 0.1−1.6 and was determined at all levels of quality

control for interday precision, while hemp seed oil produced
0.6−1.3% RSD, respectively, as shown in Tables 7 and 8. It was
observed that this method provides precise and reproducible
results with 2% or lower % RSD, signifying the method’s
reliability and repeatability. This model can be used to navigate
the design space.38,39

Stability Studies. The analyte’s stability was studied at all
levels of quality control in various storage conditions. As
indicated in Table 9, the specificity of the projected
concentration acquired after the three periods of thaw−freeze
was observed to be at 37 °C for a short duration while it was
−20 °C for a longer duration of 14 days in the ranges of 91−
102.1% SD for posaconazole and 88.2−100.5% SD for hemp
seed oil. The findings suggest that neither the drug nor the oil
deteriorated over the various storage settings.40−43

The current literature has contradictory findings about the
stability of posaconazole in acidic and alkaline mediums. This
phenomenon can be addressed through fundamental molecular
properties rather than through forced degradation studies as
catalysts, residues of solvent, and impurities often change the
synthesis process and alter the degradation pattern, notably in
complex compounds with heavy molecular mass and more
amounts of chemical groups such as posaconazole. As a result,
health organizations implement rules and standards for
stability and the critical need that chemicals for pharmaceutical
formulations to be properly selected.30,35,44

■ CONCLUSIONS
The current study provides a unique approach for the
assessment of posaconazole and hemp seed oil from nanoma-
terials, especially nanomicelles. Through the determination of
appropriate organic solvent content in the mobile phase for
effective separation of both the analytes, the experimental
design enabled considerable advances in the efficiency and
robustness of the method. In this method, we used an internal
standard to standardize, quantify, and qualify the herbal moiety
and created a reliable and inexpensive method with the help of
HPLC, which makes it better than the existing analytical
methods. The findings showed that using this analytical
quality-by-design concept is cheap and adaptable to reducing
the number of tests and producing more feasible information
in a shorter duration. According to ICH criteria, the proposed
real-time approach was rapid, uncomplicated, sensitive,
efficient, and consistent. Furthermore, the new method
demonstrated a significant level of applicability in nano-
formulations for pharmacological analysis and simultaneous
assessment of posaconazole and hemp seed oil as they produce
a synergistic effect, which is a novel combination methodology

Table 9. Stabilities of Posaconazole and Hemp Seed Oil

short term (% SDd) standard solution stability (% SDd)

level
thaw−freeze cycle

(% SDd) 4 h 12 h long term (% SD) (−20 °C for 14 days) room temperature at 6 h −20 °C for 14 days

Posaconazole
LQCa 98.3 ± 2.7 99.3 ± 3.1 91.1 ± 2.9 99.2 ± 3.5
MQCb 99.9 ± 3.3 99.7 ± 4 102.1 ± 2.1 101.5 ± 2.1 100.2 ± 2.7 100.5 ± 3.4
HQCc 98.5 ± 4.2 100.1 ± 3.2 99.3 ± 3.5 99.6 ± 3.4

Hemp Seed Oil
LQCa 98.7 ± 3.5 98.2 ± 2.3 89.5 ± 4.5 100.4 ± 3.5
MQCb 95.61 ± 2.3 99.1 ± 2.7 88.2 ± 3.2 99.6 ± 2.4 95.2 ± 2.3 99.3 ± 3.5
HQCc 97.7 ± 21.6 98.6 ± 3.2 86.9 ± 2.1 97.8 ± 5.2

aLow-quality control formulation. bModerate quality control formulation. cHigh-quality control formulation. dStandard deviation.
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to treat IFD, which has not yet been reported. This
combination provides immense advantages over the existing
single posaconazole therapy significantly through augmenta-
tion of immunity in immunocompromised patients suffering
from IFD. Eventually, it was determined that the suggested
method of HPLC may be used to evaluate the pharmacoki-
netics and bioequivalence of posaconazole and hemp seed oil
through which we can reduce the dose of the conventional
synthetic posaconazole upto some extent and to increase the
efficacy of the existing formulation using phytoadjuvant hemp
oil laden with omega acids, which improve the existing
condition of the sufferers. This novel formulation with a
synergistic effect may prove to be the most effective therapy for
IFIs in the pharmaceutical market.
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