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ABSTRACT

Poor aqueous solubility limits the in vitro dissolution performance of
many drugs, among them curcumin which is a bioactive compound with
great therapeutic potential but with poor dissolution in gastrointestinal
fluids. This study aimed to develop a curcumin nanoemulsion to improve
in vitro dissolution performance and physicochemical stability of the
curcumin solution. Nanoemulsions were made with the following three
emulsifiers: Capryol ® 90, Tween °80, and polysorbate 400 (PEG 400),
and were characterized by measuring droplet size, polydispersity index,
and zeta potential. In vitro dissolution performance was evaluated and
compared with that of pure curcumin and physical stability was studied
under different storage conditions. Data visualization techniques were
used to bring integration of formulation attributes. The optimized
nanoemulsion had a nanoscale droplet size in a narrow distribution with
sufficient electrostatic stability. For nanoemulsion, dissolution efficiency
was found to be significantly increased in vitro compared to pure curcumin
in all time points, and the optimized formulation tested showed greater
and consistent performance. Stability evaluation showed little variation
in size under normal storage conditions, with an anticipated size increase
at high temperature. In conclusion, the nanoemulsion system enhanced
the dissolution behaviour of curcumin to a great extent with an acceptable
physicochemical stability, and may therefore support its potential as an oral
delivery platform for poorly water-soluble drugs.
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INTRODUCTION

The most common way of drug administration
is oral administration due to its convenient, non-
invasive way of administration and because it
usually complies with high patient adherence.
However, it has been observed that oral delivery
of most of the active pharmaceutical ingredient
(APIs) is limited by a poor level of aqueous

* Corresponding Author Email: Oday.azeez@uobasrah.edu.iq

solubility and, hence, a slow rate of dissolution
in the gastrointestinal (GI) fluids resulting in low
and unpredictable absorption. The problem
is very widespread in the contemporary drug
development; a significant proportion of
approved drugs, and even a higher percentage
of development candidates are poorly soluble
in water, solubility improvement has been a
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consistent concern among formulation scientists
[1].

A wide variety of formulation strategies
have been developed for enhancing dissolution
and oral bioavailability of poorly water-soluble
drugs, including cosolvents, solubilization using
surfactants, salt formations and cyclodextrin
complexes, amorphous solid dispersions and
lipid-based carriers [2]. Recent comprehensive
reviews highlight the need to select between
these approaches based on the physicochemical
properties of the drug (e.g. lipophilicity, melting
point, and crystallinity), the desired dosage form
and the possibility of obtaining clinical translation.
Among the modern alternatives, lipid-based
systems (self-emulsifying systems and nano-
enabled lipids) are being continuously mentioned
as viable alternative platforms for solubilizing
hydrophobic compounds and enhancing their oral
absorption potential [3].

Nanoemulsions  are  kinetically  stable,
colloidal dispersions (usually oil in water for oral
administration), in which the internal phase is
dispersed as drops in the nanometer size range.
Their pharmaceutical relevance is highly related
to (i) high interfacial surface area, (ii) efficient
solubilization of lipophilic payloads in the oil
phase and (iii) the capacity to present the drug
in a pre-solubilized form which has the potential
to enhance apparent dissolution and absorption
processes. Recent reviews however also highlight
that the performance of nanoemulsions is critically
dependent on the formulation composition
(oil/surfactant/co-surfactant choice) and
manufacturing method (high energy techniques
(ultrasonication or high pressure homogenization)
or low energy methods), as those factors govern
the droplet size distribution, physical stability and
drug loading capacity. To this end, physicochemical
characterization, in particular, droplet size,
polydispersity index (PDI) and zeta potential
are still considered to be the keys to stability
prediction, as well as to reproducible oral delivery
conduct [4].

Curcumin (a polyphenol constituent of Curcuma
longa) is a popularly studied bioactive component
has been widely investigated for its reported
anti-inflammatory, antioxidant, and anticancer.
Though such pharmacological promise exists, the
oral translation of curcumin is limited by its very
low aqueous solubility and low stability in GI-
relevant conditions and is rapidly bio transformed,
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and such characteristics represent major barriers
to achieving adequate systemic exposure
following conventional oral dosing of curcumin
[5]. A recent systematic review on advanced oral
delivery systems for curcumin concluded that
nano- and micro-scale carrier systems (lipid-
based approaches, among others) are commonly
used to improve the bioavailability of curcumin
after oral administration, when compared with
unformulated curcumin, but also highlighted
that formulation development and evaluation
is not always optimized and that formulations
vary greatly[ 6]. To add to this, an oral curcumin
methodological review of systematic reviews that
paid particular attention to the bioavailability
differences between products was identified
in the year 2024 as a determinant of observed
results - although not always well managed in
evidence synthesis - with a need to have rigorously
characterised and reproducible formulations to
achieve publishable and interpretable results [6].

In lipid-based system, nano primal formation
and glibness on dilution in Gl fluids are highly
dependent on bilayer selection of excipients.
Studies involving self-nanoemulsifying systems
(closely related to nanoemulsions formed in
situ on aqueous dispersion) indicate that the
use of medium-chain lipid excipients and non-
ionic surfactants are often preferred because
they can offer high solubilization capacity of the
drug and high emulsification speed, resulting in
small droplet sizes and narrow size distribution
under optimized conditions [7]. Likewise, studies
of curcumin focused nanoemulsion have shown
that stability can be condition-dependent (for
example, studies of the effects of pH on the state
of interfacial charge and the integrity of droplets)
to support the case of studying nanoemulsion
formulations under multiple storage and Gl
relevant conditions as opposed to a single time
point or environment [8].

Despite extensive research on nanoemulsion-
based systems in order to improve the delivery
of curcumin to the oral cavity, the formulation
performance is strongly determined by the
choice of excipients and, therefore, the resulting
physicochemical profile. In this regard, the
nanoemulsion systems, precisely made up
of Capryol® 90 (oil phase) and Tween® 80
(surfactant) and PEG400 (co-surfactant), are
under-characterized, especially with regard
to the integrated evaluation of (i) dissolution
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enhancement and (ii) physicochemical stability
under various storage conditions. This restriction
of the available conclusions to formulation-specific
applications demonstrates that a systematic
formulation and evaluation scheme is necessary
for this combination of ingredients.

Can a curcumin nanoemulsion loaded with
Capryol® 90, Tween® 80 and PEG 400 improve
in vitro dissolution performance, while having
acceptable physicochemical stability for oral
delivery?

The current experiment is intended to
design and test a nanoemulsion with curcumin.
Particularly, the research is aimed at the creation
of curcumin nanoemulsions with the help of high-
energy emulsification, the description of their
physicochemical characteristics in terms of droplet
size, polydispersity index (PDI), and zeta potential,
and the comparison between the in vitro outcomes
of nanoemulsions in terms of the dissolution
of pure curcumin. Besides, physical stability of
the formulations in varying storage conditions is
investigated. Lastly, formulation performance is
graphically visualized using integrative graphical
techniques that do not have the redundancy
effect.

MATERIALS AND METHODS
Materials

As the model poorly water-soluble compound,
curcumin was used. Capryol® 90 (oil phase),
Tween® 80 (surfactant) and PEG 400 (co-
surfactant) were chosen as the major formulation
components, and all of them are of pharmaceutical
grade. Capryol® 90 consists mainly of propylene
glycol mono caprylate (C8) mono esters, and it
is often chosen as lipid excipient in oral lipid-
based delivery systems because of its suitability in
solubilization of lipophilic drugs [9].

Tween® 80 (as a non-ionic surfactant), PEG 400
as the hydrophilic co-surfactant were used to aid

in the formation of fine dispersions, and in the
stabilization of the interface. Similar surfactant/co-
surfactant strategies (also in the form of Tween®
and PEG combinations), are often reported in
nanoemulsion/SNEDD’s formulation frameworks
[9]. particularly when aiming to achieve droplet
sizes in the nanometer range and acceptable
distribution uniformity [10].

Purified (deionized) water was used for
nanoemulsion preparation as well as dilution steps
(aqueous phase). The materials were all stored and
handled in accordance with the recommendations
of the manufacturers [11].

Dissolution profiles were statistically analyzed
using two-way ANOVA (formulation x time)
followed by Sidak/Tukey multiple comparisons
test. Significance was set at p < 0.05.

Formulation Composition

A formulation matrix based on three curcumin
nanoemulsion  compositions  (F1-F3)  were
constructed. Curcumin concentration was fixed
at 1.0% w/w and the oil phase (Capryol® 90) and
surfactant concentration were varied within a
practical formulation window, where PEG 400
is the co-surfactant. All percents have been
expressed as %w/w and total to 100%.

Physicochemical Characterization

The optimized curcumin nanoemulsion was
characterised for determination of droplet size,
polydispersity index (PDI) and zeta potential as
the important quality characteristics affecting
dispersion uniformity and physical stability [12].
Droplet sizes and PDI were measured by dynamic
light scattering (DLS) after suitable dilution of the
nanoemulsion with filtered aqueous medium in
order to avoid multiple scattering effects and to
ensure the success of autocorrelation analysis
[13]. Measurements were obtained at a controlled
temperature of 25 °C and reported as mean, mean

Table 1. Composition of Curcumin Nanoemulsion Formulations.

Formulation Curcumin (% w/w) Capryol® 90 Tween® 80 PEG 400
F1 1 10 45 44
F2 1 12 43 44
F3 (Optimized) 1 15 40 44
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+- SD on the basis of the number of replicates and
PDI values were used to confirm the narrowness of
the size distribution and formulation homogeneity
[14].

As an indication of interfacial charge and
electrostatic repulsion between droplets, zeta
potential was determined by the technique of
ELS (electrophoretic light scattering) [15]. The
magnitude of zeta potential gives supportive
evidence for the stability of the colloids; in many
nanoemulsion systems it is generally observed that
values with a high-enough absolute magnitude are
usually associated with a low risk of aggregation
and coalescence of the droplets. However, zeta
potential must be understood within the context
of the conditions in which the measurement
was conducted (e.g., ionic strength, pH, dilution
protocol and the electrokinetic model used), in
that these factors may vary significantly, leading to
seriously skewed calculated values and inferences

regarding its stability. Therefore, zeta potential
interpretation was complimented by droplet size/
PDI tracking and storage stability monitoring [16].

In Vitro Dissolution Performance

In vitro dissolution test was performed for
comparison of the release behavior of curcumin
from the optimized nanoemulsion in comparison
to unformulated (pure) curcumin under
standardized conditions for compounds with poor
water solubility [17]. Dissolution profiling is an
important surrogate performance test for lipid-
based and nano enabled oral delivery systems
because it measures the extent and rate of transfer
of the drug into the dissolution medium, which is
directly relevant to the availability of the drug in
dissolved form prior to intestinal absorption [18].

A compendial-style setup is where the
media used (commonly USP Apparatus Il or
equivalent) is widely applied in curcumin enabled

Table 2. Physicochemical Characteristics of the Optimized Nanoemulsion.

Parameter Mean = SD Interpretation
Droplet size (nm) 145+ 18 Nanoscale dispersion
PDI 0.21+0.04 Narrow size distribution
Zeta potential (mV) -32.6+4.1 Adequate electrostatic stability

Table 3. In Vitro Dissolution Profile (mean + SD).

Time (min) Nanoemulsion (%) Pure Curcumin (%)
10 48+5 9+3
20 67+6 14+4
30 82+4 19+5
60 94+3 28+6

Table 4. Model-independent dissolution parameters of pure curcumin and nanoemulsion

formulations.

Formulation DE% (0—60 min) MDT (min)
Pure curcumin 186+2.1 41.8+3.5
F1 61.4+3.2 19.6+2.1

F2 67.9+28 16.8+1.9

F3 (Optimized) 73.5+2.4 13.2+1.6
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lipid formulations where often sequential or
biorelevant media reflective of gastrointestinal
environments are applied, where sink conditions
can be maintained where required [19]. Alongside
cumulative percent release, use of model-
independent parameters such as dissolution
efficiency (DE%) and mean dissolution time (MDT)
can also be described to summarize an integrated,
single value comparison of overall dissolution
performance over a defined interval (e.g. 0-60
min) that can avoid over-reliance on data from
individual time points [20].

Table 4 provides a summary of the model-
independent dissolution parameters, to give a
combined comparison of the release behavior of
formulations.

DE%: dissolution efficiency calculated over 60
min; MDT: mean dissolution time.

Stability Assessment (Short)

The physical stability of the optimized
nanoemulsion was examined under long-term
and accelerated storage conditions according to
general principles of pharmaceutical stability [20].

Samples were saved and tested at set time
points (e.g. Day 0, 7, 14 and 30). At each time
point, formulations were checked for macroscopic
instability (phase separation, creaming/cracking,
or precipitation), and important colloidal

PDI (score)

|Zeta| (score)

DE%@60 (score)

properties were re-measured consisting of droplet
size, PDI and zeta potential using the same
procedures described in Section 3.3. This is usually
done to observe the growth of the droplets and
the widening of the distribution as early signs of
destabilizing of a nanoemulsion [21].

RESULTS AND DISCUSSION
Data Visualization Strategy

To add value to the interpretation of the
encountered formulation results in order to
avoid any redundant numerical repetition of
tabulated data, selected graphical representations
were adopted as a way to give the integrative
and comparative ability about formulation
performance [22]. These visualizations were
tailored to integrate multiple physicochemical
and functional attributes and also impacted by
bringing together analytical views; thus, to find or
select the formulations and discuss the findings
[23].

A multidimensional quality profile comparing
the investigated curcumin  nanoemulsion
formulations (F1, F2 and optimized F3) has been
presented in Fig. 1 using normalized performance
indicators. The profile incorporates important
formulation characteristics such as the droplet
size, polydispersity index (PDI), the absolute zeta
potential (|Z|) and dissolution efficiency at 60 min

e F1
e F2

=®m F3 (Optimized)

Droplet size (score
0.8 1 . ( )

Fig. 1. Multidimensional Quality Profile.
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(DE%@60) which allows holistic assessment of the
nature of the formulation.

This combined display depicts the comparative
strengths and trade-offs of the formulations,
and it is possible to perform the simultaneous
assessment of physicochemical stability and
dissolution performance. The approach is helpful
for formulation optimization by understanding
multidimensional behavior in one analytical
context instead of isolated parameters.

Fig. 2 shows the dissolution efficiency behavior
for the investigated formulations as a function
of time, resulting in an area-based picture of
release behavior as compared to single point
measurements. Thisvisualizationrevealssignificant
formulation-dependent  differences  showing
that the dissolution efficiency is significantly
higher for all nanoemulsions formulations than
for pure curcumin for every considered time
window. The optimized formulation (F3) shows
consistently superior dissolution efficiency over
the study period, which can be attributed to the
better capacity of the optimized formulation to
keep curcumin in solubilized and easily available
conditions. In contrast, the solubility data of pure
curcumin are limited with a slow rate of drug
dissolution which highlights the intrinsic solubility
limitation of the unformulated drug. This type of
graphical representation complements tabulation
of dissolution information because it conveys both
the rate and extent of dissolution enhancement in

Dissolution efficiency, DE%

20

H
=)
r
=1
w
=1

Time window (min)

one integrative view.

Fig. 3 is a distribution-based visualization of
droplet size characteristics of the investigated
nanoemulsion formulations that go beyond
average particle size values. The density profiles
illustrate formulation dependent results in size
homogeneity and distribution width which are not
defined adequately by mean size and PDI alone.
The optimized formulation (F3) has a narrower
and more symmetric size distribution, indicating
a better uniformity of droplets together with a
reduced size variability. In contrast, formulations
F1 and F2 show greater spread and more
dispersion (i.e. larger droplet sizes) indicating
relatively greater heterogeneity. This visualization
complements the traditional particle size metrics
because it sheds light onto the internal structure
of the size population, which thus supports a
more sturdy determination of the quality of the
formulation adulation important for a conclusive
evaluation of material colloidal consistency. Table
5 presents numerical changes in physicochemical
parameters of the optimized formulation over
storage.

Fig. 4 shows the time dependence of droplet
size evolution of optimized nanoemulsion
formulation wherein different storage conditions
are employed. This trajectory-based visualization
gives insight into the dynamic regular behavior of
the system by tracking gradual changes in droplet
size that would become comparable to isolated

Formulation

70 ——F1
——F2
—e— F3 (Optimized)
—e— Pure curcumin
60
50
40
30

40 50 60

Fig. 2. Dissolution efficiency (denoted as DE%) profiles of nanoemulsion formulations of curcumin (F1, F2 and optimized formulation
of F3) versus pure curcumin in different time windows (10-60 min), showing dependence of formulation enhancement of dissolution
performances.
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check points for stability of the system.

The formulation shows a low variation in
droplet size for room temperature condition
indicating good physical stability during evaluated
storage time. In contrast, storage under elevated
temperature conditions is linked with progressive
increase in droplet size which is suggestive of
temperature-induced destabilization mechanisms
such as increased droplet coalescence or
faster interfacial rearrangement. Through this
visualization, stability as a continuous process,
described in time, and allows to better distinguish
between storage environments that are stable and
stress-sensitive and complements descriptors of
stability as expressed in literature tables.

Fig. 5 reports the integrative comparison of
formulation performance using a composite index
that incorporates the important dissolution and
stability related attributes into one quantitative
index. This visualization allows quick and easy

Density

80 100 120 140 160

Droplet size (nm)

distinction between these formulations through
the summarization of the multidimensional
performance outcomes in a unified formulation.
The optimized formulation (F3) displays
the highest index value representing the best
combination between increased dissolution
efficiency  and physicochemical  stability.
Formulation F2 shows intermediate performance
while F1 shows comparatively less overall
performance. By combining several quality
attributes in one index, this method facilitates
the objective formulation ranking and helps to
reinforce conclusions from results of individual
dissolution, particle size, and stability analyses.
The present findings support the use of
nanoemulsion-based delivery systemas an efficient
means of overcoming the dissolution-related
limitations of curcumin such as poor aqueous
solubility and poor dissolution characteristics
[24]. In accordance with the recent literature

Formulation
H FL
| ]
MW F3 (Optimized)
—— F1 density
F2 density
F3 (Optimized) density

180 200 220 240

Fig. 3. Particle size distribution density profiles of curcumin nanoemulsions formulations (F1, F2, and optimized formulation F3)
showing varies with the homogeneity and the distribution of droplet size beyond the mean values.

Table 5. Changes in physicochemical parameters of the optimized curcumin nanoemulsion during storage at room

temperature.
Time (days) Droplet size (nm) PDI Zeta potential (mV)
0 145+18 0.21+0.04 -32.6+4.1
7 147 +£17 0.22 £0.03 -31.9+3.8
14 149+ 16 0.23+0.04 -31.4+3.6
30 151415 0.24 £0.05 -30.8+3.9
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on nanoemulsion drug delivery, the optimized
formulation exhibited a good combination of
nanoscale droplet size, excellent size distribution,
and enhanced dissolution compared with pure
curcumin, which is in line with the mechanistic
expectation that a smaller droplet size will provide
higher interfacial area and keep the drug in a more
readily available dispersed/solubilized state [23].
From a physicochemical viewpoint, the above

185
180
175
i70

165

Droplet size (nm)

160

155

improvement in the quality of the formulation
can be supported by consideration of the role
of both droplet size and PDI as major keys to
characterize the uniformity and reproducibility
with the dispersion, and zeta potential, as
supportive evidence for interfacial stabilization
[25]. These attributes are typically considered as
fundamental quality indicators in the development
of nanoemulsions due to their contribution to the

Condition
—e— Room temperature
—e— Elevated temperature

150

145

0 10 20 30

Time (days)

40 50 60

Fig. 4. The temporal variation of the droplet size of the optimal curcumin nanoemulsion kept at varying temperatures, which
depicts the behavior of the nanoemulsion in terms of stability over time.

Index

F1

Formulation

21

F3 (Optimized)

Fig. 5. Comparative visualization of the Formulation Performance Index (FPI) of curcumin nanoemulsion formulations
(F1, F2 and optimized F3) incorporating the dissolution performance and physicochemical stability qualities into one
composite indicator.
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characteristics of droplet interactions, aggregation
propensity and handling/storing performance
[26].

The dissolution efficiency (DE%) visualization
method afforded an integrative picture of the
performance of the release within time windows
as opposed to the utilization of single point
comparisons [27]. This is in line with dissolution
profile comparison literature, whereby model-
independent measures (including DE%) are
adopted to summarise the overall dissolution
behaviour and elaborate the interpretation by
providing evidence for differences between
multiple formulations [28].

Stability tracking further suggested conditional
behavior between the conditions, showing better
size keeping under standard storing and increase
in size at higher temperature [29]. This trend is
following well-recognized temperature sensitivity
from emulsion systems, whereby increased
thermal energy can accelerate the growth
mechanism of the droplet system and diminish
the robustness of the droplets’ interfaces over the
course of time, respectively. The use of long-term
and accelerated conditions is also in keeping with
normal stability testing principles which have been
used to assess the robustness of formulations [30].

Overall, combining the physicochemical,
dissolution, and stability evidence supports the
selection of the optimized nanoemulsion as
the most balanced formulation among those
investigated among the tested systems, and also,
the visualization framework reinforces formulation
ranking by reflecting multidimensional and
performance by capturing multidimensional
performance instead of testing for isolated
parameters [31].

CONCLUSION

The present study successfully developed and
evaluated a nanoemulsion-based drug delivery
system for curcumin using Capryol® 90, Tween®
80, and PEG 400. The optimized formulation
demonstrated desirable physicochemical
characteristics, including nanoscale droplet size,
narrow polydispersity, and adequate electrostatic
stability, which collectively indicate high
formulation uniformity and dispersion stability.
Importantly, the nanoemulsion significantly
enhanced the in vitro dissolution performance of
curcumin compared with the unformulated drug,
as reflected by markedly increased dissolution

J Nanostruct 16(4): 5017-5026, Autumn 2026
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efficiency and reduced mean dissolution time.
The results indicate that displaying curcumin in
a pre-solubilized nano-dispersed form is good in
overcoming intrinsic solubility constraints and
enhancing better dissolution actions. Stability
tests also showed that the optimized formulation
achieved acceptable physicochemical integrity
in the normal storage conditions, although
the droplet size increased faster by high
temperatures, suggesting that storage control
conditions are important to ensure stability over
the long term. Formulation perspective The
visualization framework and the multidimensional
performance assessment were more integrative
and it reinforced the ranking in formulation and
validated the optimized nanoemulsion as the most
balanced system among the systems studied.

These findings justify the use of nanoemulsions
todelivercurcuminandotherwater-insolubledrugs
by mouth as a promising approach to oral delivery.
The proposed studies in future should involve in
vivo pharmacokinetic analysis, gastrointestinal
digestion modeling, and stability studies over
a long period of time to validate the clinical
translatability of the formulation developed. Also,
Quality-by-Design (QbD) optimization and scale-up
feasibility study could further assist in regulatory
development and pharmaceutical applicability of
curcumin nanoemulsion systems.

CONFLICT OF INTEREST

The authors declare that there is no conflict
of interests regarding the publication of this
manuscript.

REFERENCES

1. Xie B, Liu Y, Li X, Yang P, He W. Solubilization techniques used
for poorly water-soluble drugs. Acta Pharmaceutica Sinica
B. 2024;14(11):4683-4716.

2. Rehman M, Tahir N, Sohail MF, Qadri MU, Duarte SOD,
Branddo P, et al. Lipid-Based Nanoformulations for
Drug Delivery: An Ongoing Perspective. Pharmaceutics.
2024;16(11):1376.

3. Bafna HR, Shirsath NR. Needle-Free Injection Technology
as a New Approaches for Drug Delivery. Medical and
Pharmaceutical Journal. 2025;4(3):134-154.

4. Wilson RJ, Li Y, Yang G, Zhao C-X. Nanoemulsions for drug
delivery. Particuology. 2022;64:85-97.

5. Sunayana SRV, Pathade P, Tambe BR. Stimuli-Responsive
Nanocarriers: Revolutionizing Site-Specific Drug Release.
Medical and Pharmaceutical Journal. 2025;4(2):79-99.

6. Chatzidaki MD, Mitsou E. Advancements in Nanoemulsion-
Based Drug Delivery Across Different Administration
Routes. Pharmaceutics. 2025;17(3):337.

7. Bucevic Popovic V, Karahmet Farhat E, Banjari |, Jeli¢i¢ Kadi¢

5025


http://dx.doi.org/10.1016/j.apsb.2024.08.027
http://dx.doi.org/10.1016/j.apsb.2024.08.027
http://dx.doi.org/10.1016/j.apsb.2024.08.027
http://dx.doi.org/10.3390/pharmaceutics16111376
http://dx.doi.org/10.3390/pharmaceutics16111376
http://dx.doi.org/10.3390/pharmaceutics16111376
http://dx.doi.org/10.3390/pharmaceutics16111376
http://dx.doi.org/10.55940/medphar2025139
http://dx.doi.org/10.55940/medphar2025139
http://dx.doi.org/10.55940/medphar2025139
http://dx.doi.org/10.1016/j.partic.2021.05.009
http://dx.doi.org/10.1016/j.partic.2021.05.009
http://dx.doi.org/10.55940/medphar2025118
http://dx.doi.org/10.55940/medphar2025118
http://dx.doi.org/10.55940/medphar2025118
http://dx.doi.org/10.3390/pharmaceutics17030337
http://dx.doi.org/10.3390/pharmaceutics17030337
http://dx.doi.org/10.3390/pharmaceutics17030337
http://dx.doi.org/10.3390/ph17020164

O. Alsawad, and A. Abduljabbar / Curcumin Nanoemulsion for Enhanced Oral Drug Delivery

A, Puljak L. Bioavailability of Oral Curcumin in Systematic
Reviews: A Methodological Study. Pharmaceuticals.
2024;17(2):164.

8.Lin L, Chen Q, Dai Y, Xia Y. Self-Nanoemulsifying Drug Delivery
System for Enhanced Bioavailability of Madecassic Acid:
In vitro and in vivo Evaluation. International Journal of
Nanomedicine. 2023;Volume 18:2345-2358.

9. Vitdria Minzoni de Souza lacia M, Eduarda Ferraz Mendes M,
Cristiny de Oliveira Vieira K, Cristine Marques Ruiz G, José
Leopoldo Constantino C, da Silva Martin C, et al. Evaluation
of curcumin nanoemulsion effect to prevent intestinal
damage. IntJ Pharm. 2024;650:123683.

10. Chrastina A, Welsh J, Borgstrom P, Baron VT. Propylene Glycol
Caprylate-Based Nanoemulsion Formulation of Plumbagin:
Development and Characterization of Anticancer Activity.
BioMed Research International. 2022;2022(1).

11. Priani SE, Fakih TM, Wilar G, Chaerunisaa AY, Sopyan
I. Quality by Design and In Silico Approach in SNEDDS
Development: A Comprehensive Formulation Framework.
Pharmaceutics. 2025;17(6):701.

12. Al-Hussaniy HA, Almajidi YQ, Oraibi Al, Alkarawi AH. Figure
2 from: Al-Hussaniy HA, Almajidi YQ, Oraibi Al, Alkarawi
AH (2023) Nanoemulsions as medicinal components in
insoluble medicines. Pharmacia 70(3): 537-547. https://doi.
org/10.3897/pharmacia.70.e107131. Pensoft Publishers;
2023. http://dx.doi.org/10.3897/pharmacia.70.e107131.
figure2

13. Abdulhamza HM, Farhan MS, Hassan SS, Ageel Al-Hussainy
H, Oriabi Al. In silico identification of antiviral compounds
for the treatment of chikungunya virus infection: gsar
modelling and md simulation analysis. Medicine in Novel
Technology and Devices. 2024;22:100304.

14. Abbas JM, Tawfeeq TA, Al-hussaniy HA, Altimari US. Figure
4 from: Abbas JM, Tawfeeq TA, Al-hussaniy HA, Altimari
US (2025) Green synthesis of copper nanoparticles using
Daucus carota leaf extract and their anticancer activity
against Hep3B liver cancer cells. Pharmacia 72: 1-11.
https://doi.org/10.3897/pharmacia.72.e164282. Pensoft
Publishers; 2025. http://dx.doi.org/10.3897/pharmacia.72.
e164282 figured

15. Al-hussaniy H, Al-Zobaidy M. Cytotoxic Effect of YH239-EE
and Its Enantiomer on MCF7 Cell Line. Asian Pac J Cancer
Prev. 2024;25(6):2133-2138.

16. Al_hussaniy HA, Alkhafaje Z, Altamimi ZS, Oraibi Al,
Abdalhassan AH, Abdulhamza HM, et al. Figure 1 from:
Al_hussaniy HA, Alkhafaje Z, Altamimi ZS, Oraibi Al,
Abdalhassan AH, Abdulhamza HM, AL-Zobaidy MJ
(2023) Memantine and its role in parkinsonism, seizure,
depression, migraine headache, and Alzheimer’s disease.
Pharmacia 70(2): 291-297. https://doi.org/10.3897/
pharmacia.70.e99311. Pensoft Publishers; 2023. http://
dx.doi.org/10.3897/pharmacia.70.e99311.figurel

17. Rodriguez-Loya J, Lerma M, Gardea-Torresdey JL. Dynamic
Light Scattering and Its Application to Control Nanoparticle
Aggregation in Colloidal Systems: A Review. Micromachines.
2023;15(1):24.

18. Preeti, Sambhakar S, Malik R, Bhatia S, Al Harrasi A, Rani

5026

C, et al. Nanoemulsion: An Emerging Novel Technology
for Improving the Bioavailability of Drugs. Scientifica.
2023;2023:1-25.

19. Pan-On S, Pham DT, Tiyaboonchai W. Strategies to enhance
oral delivery of curcumin using solid self-emulsifying
drug delivery systems. Journal of Applied Pharmaceutical
Science. 2024.

20. Pochapski DJ, Carvalho dos Santos C, Leite GW, Pulcinelli
SH, Santilli CV. Zeta Potential and Colloidal Stability
Predictions for Inorganic Nanoparticle Dispersions: Effects
of Experimental Conditions and Electrokinetic Models on
the Interpretation of Results. Langmuir. 2021;37(45):13379-
13389.

21. Jacob S, Kather FS, Boddu SHS, Shah J, Nair AB. Innovations
in Nanoemulsion Technology: Enhancing Drug Delivery
for Oral, Parenteral, and Ophthalmic Applications.
Pharmaceutics. 2024;16(10):1333.

22. Ye Q, Kwon S, Gu Z, Selomulya C. Stable nanoemulsions
for poorly soluble curcumin: From production to digestion
response in vitro. J Mol Lig. 2024;394:123720.

23. Mohammadi-Jam S, Waters KE, Greenwood RW. A review
of zeta potential measurements using electroacoustics.
Advancesin Colloid and Interface Science. 2022;309:102778.

24. Paixdo P, Gouveia LF, Silva N, Morais JAG. Evaluation of
dissolution profile similarity — Comparison between the f2,
the multivariate statistical distance and the f2 bootstrapping
methods. Eur J Pharm Biopharm. 2017;112:67-74.

25. Spectrophotometric and Colorimetric Determination of
Pharmaceutical by Oxidative Coupling Reaction: A Review.
Systematic Reviews in Pharmacy. 2020;11(04).

26. Iskandar B, Mei H-C, Liu T-W, Lin H-M, Lee C-K. Evaluating the
effects of surfactant types on the properties and stability of
oil-in-water Rhodiola rosea nanoemulsion. Colloids Surf B
Biointerfaces. 2024;234:113692.

27. Review for “Insulin resistance and beta-cell dysfunction
in newly diagnosed type 2 diabetes: Expression,
aggregation and predominance. Verona Newly Diagnosed
Type 2 Diabetes Study 10 “ Wiley; 2022. http://dx.doi.
org/10.1002/dmrr.3558/v1/review2

28. Mekasha YT, Wondie Mekonen A, Nigussie S, Usure RE,
Feleke MG. Modeling and comparison of dissolution
profiles for different brands of albendazole boluses. BMC
Pharmacology and Toxicology. 2024;25(1).

29. Huldani H, Malviya J, Rodrigues P, Hjazi A, Deorari
MM, Al-Hetty HRAK, et al. Discovering the strength
of immunometabolism in cancer therapy: Employing
metabolic pathways to enhance immune responses. Cell
Biochemistry and Function. 2024;42(2).

30. Gonzalez-Gonzélez O, Ramirez 10, Ramirez Bl, O’Connell P,
Ballesteros MP, Torrado JJ, et al. Drug Stability: ICH versus
Accelerated Predictive Stability Studies. Pharmaceutics.
2022;14(11):2324.

31. Patel D, Thakre K, Badne P. Formulation and Evaluation
of a Psidium guajava-Enriched Antioxidant Face Mask for
Anti-Aging Skin Care. Medical and Pharmaceutical Journal.

2025;4(3):174-186.

J Nanostruct 16(4): 5017-5026, Autumn 2026
(@)er |


http://dx.doi.org/10.3390/ph17020164
http://dx.doi.org/10.3390/ph17020164
http://dx.doi.org/10.3390/ph17020164
http://dx.doi.org/10.2147/ijn.s408115
http://dx.doi.org/10.2147/ijn.s408115
http://dx.doi.org/10.2147/ijn.s408115
http://dx.doi.org/10.2147/ijn.s408115
http://dx.doi.org/10.1016/j.ijpharm.2023.123683
http://dx.doi.org/10.1016/j.ijpharm.2023.123683
http://dx.doi.org/10.1016/j.ijpharm.2023.123683
http://dx.doi.org/10.1016/j.ijpharm.2023.123683
http://dx.doi.org/10.1016/j.ijpharm.2023.123683
http://dx.doi.org/10.1155/2022/3549061
http://dx.doi.org/10.1155/2022/3549061
http://dx.doi.org/10.1155/2022/3549061
http://dx.doi.org/10.1155/2022/3549061
http://dx.doi.org/10.3390/pharmaceutics17060701
http://dx.doi.org/10.3390/pharmaceutics17060701
http://dx.doi.org/10.3390/pharmaceutics17060701
http://dx.doi.org/10.3390/pharmaceutics17060701
http://dx.doi.org/10.3897/pharmacia.70.e107131.figure2
http://dx.doi.org/10.3897/pharmacia.70.e107131.figure2
http://dx.doi.org/10.3897/pharmacia.70.e107131.figure2
http://dx.doi.org/10.3897/pharmacia.70.e107131.figure2
http://dx.doi.org/10.3897/pharmacia.70.e107131.figure2
http://dx.doi.org/10.3897/pharmacia.70.e107131.figure2
http://dx.doi.org/10.3897/pharmacia.70.e107131.figure2
http://dx.doi.org/10.1016/j.medntd.2024.100304
http://dx.doi.org/10.1016/j.medntd.2024.100304
http://dx.doi.org/10.1016/j.medntd.2024.100304
http://dx.doi.org/10.1016/j.medntd.2024.100304
http://dx.doi.org/10.1016/j.medntd.2024.100304
http://dx.doi.org/10.3897/pharmacia.72.e164282.figure4
http://dx.doi.org/10.3897/pharmacia.72.e164282.figure4
http://dx.doi.org/10.3897/pharmacia.72.e164282.figure4
http://dx.doi.org/10.3897/pharmacia.72.e164282.figure4
http://dx.doi.org/10.3897/pharmacia.72.e164282.figure4
http://dx.doi.org/10.3897/pharmacia.72.e164282.figure4
http://dx.doi.org/10.3897/pharmacia.72.e164282.figure4
http://dx.doi.org/10.3897/pharmacia.72.e164282.figure4
http://dx.doi.org/10.31557/apjcp.2024.25.6.2133
http://dx.doi.org/10.31557/apjcp.2024.25.6.2133
http://dx.doi.org/10.31557/apjcp.2024.25.6.2133
http://dx.doi.org/10.3897/pharmacia.70.e99311.figure1
http://dx.doi.org/10.3897/pharmacia.70.e99311.figure1
http://dx.doi.org/10.3897/pharmacia.70.e99311.figure1
http://dx.doi.org/10.3897/pharmacia.70.e99311.figure1
http://dx.doi.org/10.3897/pharmacia.70.e99311.figure1
http://dx.doi.org/10.3897/pharmacia.70.e99311.figure1
http://dx.doi.org/10.3897/pharmacia.70.e99311.figure1
http://dx.doi.org/10.3897/pharmacia.70.e99311.figure1
http://dx.doi.org/10.3897/pharmacia.70.e99311.figure1
http://dx.doi.org/10.3390/mi15010024
http://dx.doi.org/10.3390/mi15010024
http://dx.doi.org/10.3390/mi15010024
http://dx.doi.org/10.3390/mi15010024
http://dx.doi.org/10.1155/2023/6640103
http://dx.doi.org/10.1155/2023/6640103
http://dx.doi.org/10.1155/2023/6640103
http://dx.doi.org/10.1155/2023/6640103
http://dx.doi.org/10.7324/japs.2024.168338
http://dx.doi.org/10.7324/japs.2024.168338
http://dx.doi.org/10.7324/japs.2024.168338
http://dx.doi.org/10.7324/japs.2024.168338
http://dx.doi.org/10.1021/acs.langmuir.1c02056
http://dx.doi.org/10.1021/acs.langmuir.1c02056
http://dx.doi.org/10.1021/acs.langmuir.1c02056
http://dx.doi.org/10.1021/acs.langmuir.1c02056
http://dx.doi.org/10.1021/acs.langmuir.1c02056
http://dx.doi.org/10.1021/acs.langmuir.1c02056
http://dx.doi.org/10.3390/pharmaceutics16101333
http://dx.doi.org/10.3390/pharmaceutics16101333
http://dx.doi.org/10.3390/pharmaceutics16101333
http://dx.doi.org/10.3390/pharmaceutics16101333
http://dx.doi.org/10.1016/j.molliq.2023.123720
http://dx.doi.org/10.1016/j.molliq.2023.123720
http://dx.doi.org/10.1016/j.molliq.2023.123720
http://dx.doi.org/10.1016/j.cis.2022.102778
http://dx.doi.org/10.1016/j.cis.2022.102778
http://dx.doi.org/10.1016/j.cis.2022.102778
http://dx.doi.org/10.1016/j.ejpb.2016.10.026
http://dx.doi.org/10.1016/j.ejpb.2016.10.026
http://dx.doi.org/10.1016/j.ejpb.2016.10.026
http://dx.doi.org/10.1016/j.ejpb.2016.10.026
http://dx.doi.org/10.31838/srp.2020.4.91
http://dx.doi.org/10.31838/srp.2020.4.91
http://dx.doi.org/10.31838/srp.2020.4.91
http://dx.doi.org/10.1016/j.colsurfb.2023.113692
http://dx.doi.org/10.1016/j.colsurfb.2023.113692
http://dx.doi.org/10.1016/j.colsurfb.2023.113692
http://dx.doi.org/10.1016/j.colsurfb.2023.113692
http://dx.doi.org/10.1002/dmrr.3558/v1/review2
http://dx.doi.org/10.1002/dmrr.3558/v1/review2
http://dx.doi.org/10.1002/dmrr.3558/v1/review2
http://dx.doi.org/10.1002/dmrr.3558/v1/review2
http://dx.doi.org/10.1002/dmrr.3558/v1/review2
http://dx.doi.org/10.1186/s40360-024-00774-2
http://dx.doi.org/10.1186/s40360-024-00774-2
http://dx.doi.org/10.1186/s40360-024-00774-2
http://dx.doi.org/10.1186/s40360-024-00774-2
http://dx.doi.org/10.1002/cbf.3934
http://dx.doi.org/10.1002/cbf.3934
http://dx.doi.org/10.1002/cbf.3934
http://dx.doi.org/10.1002/cbf.3934
http://dx.doi.org/10.1002/cbf.3934
http://dx.doi.org/10.3390/pharmaceutics14112324
http://dx.doi.org/10.3390/pharmaceutics14112324
http://dx.doi.org/10.3390/pharmaceutics14112324
http://dx.doi.org/10.3390/pharmaceutics14112324
http://dx.doi.org/10.55940/medphar2025145
http://dx.doi.org/10.55940/medphar2025145
http://dx.doi.org/10.55940/medphar2025145
http://dx.doi.org/10.55940/medphar2025145

	Formulation and Evaluation of a Nanoemulsion-Based Drug Delivery System to Enhance the Oral Performa
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	MATERIALS AND METHODS 
	Materials 
	Formulation Composition 
	Physicochemical Characterization 
	In Vitro Dissolution Performance 
	Stability Assessment (Short) 

	RESULTS AND DISCUSSION 
	Data Visualization Strategy 

	CONCLUSION 
	CONFLICT OF INTEREST 
	REFERENCES 

