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Abstract Pancreatic cancer exhibits a high mortality rate globally, and numerous research efforts have been
directed toward treating this disease. Gemcitabine is considered one of the most efficacious pharmacological agents
for the treatment of this disease. However, this drug is characterized by its short half-life and development of
resistance over time. To enhance the efficacy of this drug, it is imperative to utilize a carrier and concurrently
administer another drug, Curcumin, to augment its effect. The implementation of advanced drug delivery systems
can effectively address this challenge. For this purpose, a niosomal vesicle system was employed to simultaneously
encapsulate both drugs. Various assays were conducted to design optimal and engineered systems. The results
demonstrated that the optimal lipid-to-drug ratio was 20. Furthermore, the optimal sonication time was determined
to be approximately 24 minutes, yieldeding niosomes with a diameter of 241 nm, suitable for passing through the
intercellular pores of cancer cells. FESEM images also confirmed the semi-sphericity and formation of vesicles.
Through optimization of the effective parameters in the synthesis process, the encapsulation efficiency for
Curcumin reached 93%, while that for Gemcitabine reached 65%. The drug release rate after 48 h of co-
encapsulation was 38% for Gemcitabine and 13.5% for Curcumin. The results of this study indicate that the
niosomal drug delivery system with simultaneous loading of Gemcitabine and Curcumin is suitable for use in

cancer chemotherapy.
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1. INTRODUCTION

Pancreatic cancer arises when cells in the pancreas
undergo uncontrolled proliferation, resulting in the
formation of a neoplastic mass with the potential to
metastasize to other anatomical sites. Nanotechnology
has been developed to fight and defeat cancer (Kassem et
al., 2017). One method that has garnered significant
attention in recent years is drug delivery to tumors by
encapsulating the drug in a biocompatible carrier and
delivering it to the site of the cancerous tumor (Kheiri
2014). Nanoparticles utilized as drug carriers present a
novel approach to drug delivery for cancer cells by
penetrating the capillaries of the cancer mass, which
exhibit porosities ranging from 100 to 1000 nm. This
methodology facilitates the delivery of a high
concentration of the therapeutic agent specifically to
neoplastic cells while minimizing its deleterious effects
on healthy tissues. One type of nanoparticles used for
targeted drug delivery is niosomal vesicles. Niosomes are
biocompatible spherical systems composed of non-ionic
surfactants and, due to their nature, can entrap
hydrophilic and hydrophobic drugs. They can also entrap
various types of drugs, hormones, genes, proteins,
peptides, and  vaccines.  Gemcitabine  (2,2-
difluorodeoxycytidine) is a nucleoside analog that is
considered the primary treatment modality for pancreatic
cancer (Yang et al., 2018). This pharmaceutical agent has

demonstrated antineoplastic efficacy in treating breast,
colon, and bladder malignancies (Parsian et al., 2016).
Low-molecular-weight Gemcitabine is a hydrophilic
drug with a short plasma half-life that cannot cross the
cell membrane through an active diffusion mechanism
due to its hydrophilic nature. Therefore, it must be used
in clinical applications by binding to an agent or being
loaded in a carrier to protect it from plasma degradation
and overcome drug resistance, thereby increasing its
anticancer efficacy (Khoury et al., 2007; Parsian et al.,
2016). In pancreatic cancer, resistance to Gemcitabine
increases over time. Thus, an agent that can enhance the
efficacy of Gemcitabine and overcome chemoresistance
in pancreatic cancer treatment is needed. Evidence
suggests that Curcumin can solve this problem (Mathew
& Hsu, 2018). Curcumin (difluoromethane) is an herbal
medicine and the main ingredient extracted from the
rhizome (underground stem oil) of turmeric, accounting
for 77% of the Curcuminoids in turmeric (Mathew &
Hsu, 2018). Curcumin is a hydrophobic polyphenolic
compound that has demonstrated high efficacy against
many cancer cells, including breast, prostate, bone, lung,
gastrointestinal, and especially pancreatic cancer (Bisht
et al., 2007). Due to its highly hydrophobic nature,
Curcumin is unable to reach the target cell on its own. In
fact, due to its short lifespan in serum, it does not have
time to activate its mechanism of action. Therefore, a
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carrier is needed to protect Curcumin from existing
metabolites, enhance its hydrophilicity, facilitate its
transport, and deliver it to the targeted cancer cells.

The results showed that Curcumin enhanced the
antitumor effects of Gemcitabine in pancreatic cancer
cells (Mathew & Hsu, 2018). Consequently, the
combination therapy of Gemcitabine and Curcumin is not
only safe but also exhibits a high response rate in the
treatment of advanced pancreatic cancer. Notably,
Curcumin increases the median survival of patients with
Gemcitabine-resistant pancreatic cancer (Ali et al., 2010;
Pastorelli et al., 2018). The combination of these two
drugs reduces tumor growth and exhibits significant anti-
inflammatory effects, proving to be much more effective
than either drug alone. Therefore, we aimed to utilize the
bilayer capability of the niosomes and the possibility of
simultaneously loading two drugs into them to
encapsulate Gemcitabine and Curcumin together,
designing an engineered system.

2. MATERIALS AND METHODS

To prepare niosomes in this study, Span 60, Tween
61, and cholesterol were used in a ratio of 0.9:0.1:1,
respectively (Hood et al., 2007).

First, the niosome components, including surfactants
and cholesterol, were weighed in a 1:1 ratio, added
separately to chloroform solvent with a lipid
concentration of 0.02 M, and placed on a magnetic stirrer
for 30 minutes. All samples were then combined. To
remove the solvent, a rotary evaporator was used for 40-
60 minutes at 150 rpm and 65 °C. A quantity of phosphate
buffered saline was added to this container containing the
lipid bilayer, and the concentration reached to 0.01 M. To
homogenize the niosome particles, the sample was placed
in a bath sonicator (CODYSON Digital Ultrasonic
Cleaner, CD-4820, China) tank at 30 °C for 24 min, with
a power of 170 Watts and frequency of 35 KHz (Hood et
al., 2007). Preparation of drug-loaded niosomes is not
significantly different from that of drug-free niosomes.
The hydrophobic drug was dissolved in the
corresponding solvent and added to the niosomes during
the pre-solvent evaporation step, where the solvent was
removed using a rotary evaporator. The hydrophilic drug
was added to the lipid content of the niosomes during the
water-coating step (Sharma et al., 2015).The lipid-to-
drug (L/D) ratio was set to 20, and 3.4 mg of curcumin
drug was dissolved in ethanol and added to the niosomes
in chloroform. Then, 1.3 mg of gemcitabine drug was
dissolved in ethanol for 24 hours (Yang et al., 2018),
added once in the lipid bilayer formation step, and again
dissolved in phosphate-buffered saline before being
added during the water-coating step (Xu et al., 2014).

3. RESULTS AND DISCUSSION

As shown in Figure 1, the average particle size of
empty niosomes was 296.93 nm, while that of drug-
loaded niosomes was 315.02 nm. Of note, the
Polydispersion Index (PDI) was 0.2 in the first case and
0.3 in the second case. A PDI value of approximately 0.2
indicates a narrow particle size distribution curve
(Tavano et al., 2013). The size of the drug-loaded
particles was slightly larger than that of the drug-free
niosomes, likely due to the increase in the volume of the
lipid bilayer in the presence of the drug.
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Figure 1. DLS images of empty niosomes (left image) and
drug loaded niosomes (right image).

The FESEM (Seron Technology, AlS-2100, Korea)
images of the morphology of the niosomes are shown in
Figure 2. The images showed that the prepared niosomes
were semi-spherical. Performing this test requires some
precautions, such as placing the sample in a freeze dryer
(Alpha 1-2 LD Plus, Martin-Christ, Germany).
Therefore, it is natural for the particles to be positioned
next to each other with a much smaller distance when the
solvent is removed, resulting in a powder form. The
average particle size was calculated using Imagel
software as 115.49 nm in the right image and 186.25 nm
in the left image. The difference between these values
and the average size obtained from Dynamic Light
Scattering (DLS) (Zetasizer Nano ZS, model 3000HAs,
Malvern, UK) test was due to elimination of the aqueous
environment. The particles in the aqueous environment
become somewhat larger due to water coverage. Given
that same conditions exist in the body, the sizes obtained
from the DLS test should considered more reliable.

Figure 2. Morphological images from FESEM. Niosomes
without drug (right image) and niosomes containing drug (left
image).

The optimal sonication time was determined to be 24
minutes. By observing the morphological images of the
samples, as shown in Figure 3, it is evident that within 40
minutes, the niosomal vesicles have collapsed.
Therefore, it can be concluded that a longer sonication
time does not further reduce the particle size. Instead, the
stress resulting from mechanical energy and the heat
generated by ultrasonic waves due to prolonged
sonication cause the fusion of the niosomal particle
boundaries. The loading rate of Curcumin alone was
approximately 73%, and when co-loaded with
Gemcitabine, it increased up to approximately 93%. In
addition, the loading rate of Gemcitabine in the water-
coating stage was 40%, in the lipid layer formation stage
was approximately 64%, and when co-loaded with
Curcumin, it was approximately 65%. As observed, the
individual drugs have a lower loading percentage than
when both drugs are loaded simultaneously, indicating
the effect of their interaction.
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Figure 3. Morphological images obtained from sonication
of niosomes particles at 8 minutes (top right), 24 minutes (top
left), and 40 minutes (bottom).

The entrapment rate of Curcumin was investigated
with three different lipid-to-drug ratios. For a lipid-to-
drug ratio of 10, the loading rate was about 73%; for a
ratio of 20, the loading rate was about 91%; and for a ratio
of 40, it increased up to 95%.

According to the diagram in Figure 4, Curcumin has
a slower release rate than Gemcitabine due to its
hydrophobic nature. For this reason, 38% of Gemcitabine
was released within 48 h, while only 13.5% of Curcumin
was released during the same period. It is important to
note that the release duration of Curcumin should be
longer than that of Gemcitabine because Curcumin is
required for its effectiveness (Pastorelli et al., 2018).
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Figure 4. Drug release diagram in co-loading of Curcumin
(blue) and Gemcitabine (red).

4. CONCLUSION

The effect of sonication time on the particle
morphology and size was investigated. It was observed
that increasing the sonication time did not affect particle
size; however, the physical energy from ultrasonic waves
and the heat generated from the energy conversion of
these waves had an adverse effect on the shape of the
niosome vesicles, causing them to fuse and their
boundaries to collapse into each other. A duration of 24
min was selected as the optimal time for this step.

Then, the effect of increasing the percentage of
cholesterol on the loading rate of Curcumin was
investigated. An increase in loading was observed due to
the hydrophobic property of this drug. However, despite
the advantage of increasing drug accumulation in

niosomes, the toxicity caused by the system’s
components is not negligible. To deliver the same
amount of drug, a higher content of niosomes than the
drug itself would be required, which, in addition to not
being worth the toxicity caused by the system’s
components, is not cost-effective.

Since the targeting mechanism in this system is
passive and requires an appropriate particle size in the
range of 100-800 nm, we were able to prepare particles
with dimensions of 296 nm, which are suitable for
passive tumor targeting.

To evaluate the effect of the hydrophilic drug loading
method on the loading percentage and reduction in the
release rate, Gemcitabine was stored in niosomes using
two different methods. The loading percentages of this
drug in the two cases were significantly different_ 40%
in the first case and 64% in the second case. This
difference was related to the location of Gemcitabine in
the niosomes layers. According to the findings, drug
release was faster in the first case and slower in the
second, which is attributed to the drug being trapped
within the lipid layer.

Subsequently, according to the desired outcome of
the loading method, both drugs were dissolved in an
organic solvent and loaded simultaneously in a passive
manner. The percentage of drug loading and their release
process indicated that the loading percentage was higher
when both drugs were loaded together in the system
compared to when they were loaded separately. The
difference in the release process also depended on the
degree of drug hydrophilicity. Due to its higher
hydrophobicity compared to Gemcitabine, Curcumin
exhibited a much slower release process. Within 48
hours, 13.25% of the Curcumin drug was released,
compared to 38% of the Gemcitabine drug.
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