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In this study, a thermosensitive in situ gel nanoemulsion was formulated by a low energy method for intranasal delivery of
temozolomide to bypass the blood-brain barrier and optimize chemotherapy for glioblastoma. Various amounts of Labrasol,
Transcutol®P, and Triacetin were chosen as nanoemulsion components based on the solubility and the partial pseudoternary
phase diagrams studies. Poloxamer derivatives added to the selected nanoemulsion and gelling temperature optimized. The
prepared in situ gel nanoemulsion containing temozolomide showed a mean droplet size of 16:25 ± 0:44 nm, a polydispersity
index value of 0:35 ± 0:01, and desirable pH and viscosity. In vitro release studies revealed that both nanoemulsion and in situ
gel preparation have sustained release pattern in comparison to the control solution. Visual evaluation and droplet size and
polydispersity index measurements showed both nanoemulsion and in situ gel nanoemulsion were stable during heating-cooling
and freeze-thaw cycles and also centrifugation. Mucoadhesion percentage of in situ gel nanoemulsion was 37:037 ± 2:32
regarding ex vivo studies, which had a significant rise in comparison to control solution and nanoemulsion. Permeation across
the nasal mucosa was 1.43- and 1.52-fold higher than the control solution for nanoemulsion and in situ nanoemulsion,
respectively. Gamma scintigraphy study showed brain accumulation of developed nanoemulsion formulations. Our studies
demonstrated optimized formulation has suitable physicochemical properties, desirable release profile, enhanced permeation
across the nasal mucosa, and prolonged resistance time at the nasal mucosa. Therefore, in situ gel nanoemulsion would be an
effective novel nasal delivery system for the treatment of glioblastoma.

1. Introduction

Brain tumor treatment is one of the most challenging issues
of central nervous system disease [1]. About 238,000 diagno-
ses of the brain and other central nervous system tumors
occur every year, all around the world. Based on WHO
(world health organization) classification, gliomas refer to
the primary brain tumors with the origin of glial cells, which
include nearly 80% of malignant brain tumors [2]. Grade IV
gliomas, glioblastoma multiforme (GBM), is the most preva-
lent and aggressive type of primary brain tumors with an
incidence of 5-8 per 100,000 population [3]. Currently, stan-

dard therapy for glioma is resection of tumors by surgical as
much as possible and chemotherapy along with radiotherapy
and/or photodynamic therapy [4, 5]. But despite available
treatments, GBM’s prognosis is still poor, and median sur-
vival from diagnosis is not more than 15 months [6]. So, it
is essential to optimize every concept of treatment, especially
chemotherapy. Failure in chemotherapy in this type of
tumors is not related to the poor chemotherapy activity of
existing agents, but to the presence of the protective micro-
vasculature of the central nervous system (CNS) named the
blood-brain barrier (BBB) [1]. Temozolomide (TMZ, Temo-
dar®), the first line antineoplastic agent for the treatment of
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GBM, is FDA approved orally and intravenously [7, 8]. Even
though this second-generation DNA-alkylating agent is per-
meable to the BBB, it must be administrated in high doses in
systemic use due to its short serum half-life [7, 9]. But this
high-dose TMZ can lead to an increased risk of a variety of
adverse effects such as hematological toxicity and cardiomy-
opathy [10].

Recently, new technologies such as implantable con-
trolled release systems, convection-enhanced delivery
(CED), and nanoparticles have created this opportunity to
deliver drugs to the CNS without crossing the BBB and so
promising this approach to select agents for the treatment
of brain tumors mostly based on their ability for destroying
tumors and not regarding their potential of crossing the
BBB [11]. In recent decades, using the nasal cavity has also
gained prominence for bypassing the BBB. Administration
drug through the nasal cavity where olfactory and trigeminal
nerve terminations provide the sole connection between the
CNS and the environment, therefore, seems to be efficient
for direct drug delivery to the brain. This strategy is noninva-
sive, painless, highly safe, remarkably easy to use and repre-
sents a rapid onset of action as well as minimizing systemic
exposure, and all these advantages increase patient compli-
ance. It also bypasses hepatic first-pass metabolism, which
decreases the therapeutic dose [12]. Despite remarkable
advantages, nasal drug delivery has limitations, including
degradation of some drugs at the mucosal surface, pres-
ence of clearance systems in the nasal cavity, and also pos-
sible mucosal irritation and/or damage or even allergies
[12, 13]. The half-life of the clearance for both powder
and liquid in the nasal cavity is 15-20 minutes. And the
applied volume of the formulation is limited to 25-200μl
each time [14]. These restrictions must be considered in
formulation design.

Lipidic systems like nanoemulsions (NEs) are favorable
for nasal drug delivery, primarily because of the biocom-
patibility reasons [13]. NEs are novel drug delivery sys-
tems that can be efficiently applied in nasal dosage
forms. Low energy or high energy methods may be used
to prepare oil in water or water in oil dispersions stabi-
lized in the presence of appropriate surfactant(s). Using
NEs, problems relating to solubility and stability including
oxidation, pH hydrolysis, and enzymatic degradation can
be managed [12]. But formulation may be washed out by
the nose clearance system before desirable absorption
occurs. The prolonged resistance time of the formulation
in the nasal cavity results in an extended release of drugs
from the nanodroplets. The possible efficient approaches
to prolong drug resistance time at the nasal mucosa are
enhancing viscosity or applying gelling systems. In situ
gel systems are pharmaceutical dosage forms that are liq-
uid in shelf-condition and convert to the gel after applica-
tion at the site of the applied responding to pH,
temperature, or ionic changes. While having all conven-
tional gels advantages, in situ gels can be easily instilled
and provide a reproducible dosing [15].

Among all in situ gelling systems, thermosensitive ones
are more favorable in drug delivery as upon administration,
the temperature rises spontaneously, and phase transition

occurs [16]. To develop thermosensitive in situ gel formula-
tions for nasal use, the transition temperature must be set
in the range of 25-37°C [17]. The most common mucoadhe-
sive copolymer using in these formulations is poloxamer 407,
which undergoes micellization and gelation as increasing
temperature [18]. Poloxamer 407 is rarely used alone because
of its low gelling temperature, and other poloxamer copoly-
mers are added to the formulation to modify the gelling tem-
perature [19].

Insignificant toxicity, suitable drug release properties,
compatibility with numerous chemical agents, nonirritating
action on the mucosal surface, prolonged resistance time at
a specific drug delivery site, decreasing the therapeutic dos-
age, and the side effects investigate poloxamer 407 as a suit-
able gelling agent [20–22]. Poloxamer can develop micelles;
it improves solubilization of poorly water-soluble drugs;
therefore, sufficient amounts of these drugs can be dissolved
in a small volume of the formulation, which is suitable for
intranasal use [23]. Poloxamer also increases drug perme-
ation through the mucosal surface, probably because it is a
nonionic surfactant and reduces viscosity and elasticity of
the mucosa and also perturbs lipid membrane and improves
lipid leakage through it [24, 25].

Even though the potential toxicity of the developing for-
mulations for intranasal use is concerning, previous studies
have demonstrated any adverse effect of prepared formula-
tions containing TMZ on 16HBE cell line and porcine nasal
mucosa as standard models of human nasal mucosa cells
and tissues [3, 26]. Furthermore, NEs as drug vehicles for
brain targeted drugs were found to be safe upon administra-
tion via nasal route [27–29]. Histological evaluations on
developed nimodipine mucoadhesive microemulsion consist
of labrasol, Transcutol®P, poloxamer 407, and poloxamer
188 as excipients showed any damage on rat nasal mucosa
[30]. In a recent study, teriflunomide loaded NE with similar
constituents, despite having anticancer activity was found to
be safe for normal cells. This formulation had desirable bio-
distribution upon nasal administration on Wistar rats and
less accumulated in the kidney and liver, without any necro-
sis or damage on the nasal mucosa [31].

In this study, we developed and characterized a thermo-
sensitive in situ gel NE for intranasal administration of
TMZ to overcome nasal clearance systems, prolong the for-
mulation resistance time at the nasal mucosa, improve drug
absorption, bypass the BBB, and as a result optimize drug
delivery of TMZ.

2. Materials and Methods

2.1. Materials. The following materials were used in the
study:

TMZ powder was purchased from Senova Technology.
CO, China. Poloxamer407, Poloxamer188, and dialysis tub-
ing cellulose membrane were supplied from Sigma Aldrich
Chemical Company, USA. Triacetin was provided by Sam-
chun Chemical Co., Ltd, South Korea. Labrasol and Transcu-
tol® P were obtained as gift samples from Gattefosse, France.
All other chemicals and reagents were of analytical grade.
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2.2. Methods

2.2.1. Solubility Studies. Excess amount of TMZ was added to
1ml of various oils (Oleic acid, Triacetin, Capryol 90), Cosur-
factants (Propylene glycol, Transcutol® P, polyethylene gly-
col 400), and 15% surfactants aqueous solutions (Tween 80,
Labrasol, Cremophor® RH 40) separately to determine the
solubility of the drug. The mixtures were allowed to reach
equilibration in a shaker incubator at 200 rpm for 24 hours
at 25°C. Then, samples were centrifuged at 13000 rpm for
10 minutes. The supernatants were separated and diluted
with methanol. Then, UV spectrophotometry quantification
at 327nm represented TMZ concentration.

2.2.2. Construction of Partial Pseudoternary Phase Diagrams.
The selected oil, surfactant, and cosurfactant based on solu-
bility studies were used to develop NEs and construct partial
pseudoternary phase diagrams by the water titration method.
Labrasol as a surfactant and Transcutol® P as a cosurfactant
were mixed in various mass ratios (2 : 1, 1 : 1, 1 : 2) to obtain
surfactant mixture (Smix). These mixtures were blended with
different weight ratios of triacetin as an oil (from 9 : 1 to
40 : 60 (w/w)) in screw-cap glass vials separately. Then, puri-
fied water was added to each mixture dropwise while stirring
at room temperature. After adding each volume of water and
equilibration, samples were monitored visually, and their
clarity state was reported as transparent, semitransparent,
or turbid. At the end of the observations, the software
sigma-plot ver.12 was applied to construct a pseudoternary
phase diagram for each Smix separately and determine the
NE regions.

2.2.3. Preparation of NEs Containing TMZ. According to the
phase diagrams, the suitable ratios of surfactant, cosurfac-
tant, and oil were selected to fabricate nanoemulsions. NEs
were prepared by a low energy method in which the intended
quantity of surfactant, cosurfactant, oil, and also 0.15% w/w
TMZ were weighted and blended at gentle heat while stirring
to obtain a transparent mixture [32]. Then, the calculated
amount of purified water was added to the mixture gradually,
and the whole formulation was stirred at room temperature
at least for an hour to prepare clear homogenous NEs.

2.2.4. Physicochemical Characterization of Formulations
Containing TMZ. The following methods have been utilized
to measure physicochemical properties of preparations.

Droplet size, polydispersity index, and zeta potential were
measured immediately after preparation using a Malvern
Zetasizer NanoZS (Malvern, United Kingdom). pH meter
(Sartorius, Switzerland) was used to evaluate the pH values
of formulations at room temperature. This pH meter was
three-point calibrated (pH4, pH7, and pH10) with standard
buffer solutions to ensure instrument validity. Brookfield
DVII viscometer (Brookfield Engineering Laboratories Inc.,
USA) was applied to determine the rheological properties
of the samples at room temperature with a speed rate from
50 to 200 rpm. Spindle CP-34 was utilized in this measure-
ment. All measurements were carried out in triplicate, and
the results are declared as average value ± standard
deviation.

2.2.5. Preparation of In Situ Gel NEs. To obtain in situ gel NE
with an optimum gelling temperature, poloxamer 407 and
poloxamer 188 in different weight ratios were weighed and
dissolved in the aqueous phase of the selected formulation
(regarding physicochemical characterization) by stirring at
4°C overnight [33]. Then, this aqueous phase was added drop
by drop to the oily phase prepared as described in NE prep-
aration, and the sample was stirred at 4°C at least for an hour
to achieve a homogenous formulation. The prepared formu-
lations were kept in the refrigerator until performing further
studies.

2.2.6. Determination of Gelation Temperature of In Situ Gel
NEs. The gelation temperature of each formulation was
determined by pouring 250μl of each formulation in the vials
and then placing it in a water bath (Memmert ONE10, Ger-
many) with a temperature of 15°C. This initial temperature
was increased gradually (at a rate of 1°C/min). The vials were
rotated at 180° angle each minute, and at the temperature
that phase transition had been occurring, the formulation
could not flow, which was reported as gelation temperature
[34]. The formulation with gelation temperature near the
nose cavity temperature (32–34°c) was selected as the opti-
mum one [35].

2.2.7. In Vitro Drug Release Studies. The drug release from
developed TMZ-loaded NE, in situ gel NE, and aqueous solu-
tion as control was evaluated by the dialysis bag method. The
dialysis bag (MW cut-off 12400Da) was presoaked in puri-
fied water and kept in the refrigerator for 24 hours. 1ml of
each sample was placed whiten a dialysis bag separately,
and both ends of the bags were sealed.

Each bag punched to a paddle of USP dissolution appara-
tus type II and floated in 250ml of phosphate-buffered saline
(PBS, pH = 6:4), with a rotation speed of 50 rpm for 6 h at
34 ± 1°C. At the defined times (15, 30, 45, 60, 90, 120, 180,
240, 300, and 360min), 2ml of release medium was with-
drawn and replaced with fresh PBS solution immediately.
To determine the amount of TMZ in releasing medium at
each of these particular times, we measured the concentra-
tion of drug in the sample medium by using UV spectropho-
tometry at 327nm.

2.2.8. Accelerated Physical Stability Studies. The stability of
the selected NE and in situ gel NE was investigated by accom-
plishing six heating-cooling cycles (4°C and 40°C), three
freeze-thaw cycles (−21°C and 25°C), and centrifugation
studies (13000 rpm for 30min).

After performing each test, samples were monitored visu-
ally for any possible instability phenomena, including phase
separation, clarity changes, creaming, flocculation, cracking
or coalescence, and ext. Also, the droplet size and the polydis-
persity index were measured before and after the exam [36–
38].

2.2.9. Ex Vivo Mucoadhesion Study. Modified falling liquid
film method performed to evaluate the mucoadhesive
properties of in situ gel NE, NE, and an aqueous solution
containing 0.15% w/w TMZ (as control). Bovine nasal
mucosa was collected from a local slaughterhouse. PBS
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solution was used to wash mucosa to ensure there is no
adhered tissue to the mucosal surface. Then, nasal mucosa
was cut into 5 cm long rectangle shape pieces. A piece
attached to a plastic tube that was cut into a circular shape
and held at an angle of 90°C and then 250 of one formu-
lation (containing 0.375mg of TMZ) was placed on the
mucosa and incubated for 5 minutes in the exposure of
a fairly warm air storm simulating nasal cavity condition.
Then, the angel was changed to 45°, and a peristaltic
pump used to pump PBS (pH 6.4 and temperature 34°C)
over the nasal mucosa at the rate of 5ml/min. The washed
fluid was collected over 5min continuously. The amount
of TMZ in this fluid represented the nonadhered sample,
which was measured spectrophotometrically at 327nm.
The difference between the amount of nonadhered drug
and the amount of the applied drug was estimated as the
adhered drug amount. The ratio between adhered and
the applied drug amount was determined as mucoadhesion
percentage [39, 40].

2.2.10. Ex Vivo Drug Permeation Studies. Bovine nasal
mucosa is collected from a local slaughterhouse in PBS.
After washing adhered tissues on the mucosal surface by
PBS, the excised mucosal tissues were placed between the
donor and receptor compartment of a Frantz diffusion
cell. The donor compartment with17mm orifice diameter
displayed a permeation area of 2.27 cm2. The receptor
compartment with a volume of 12ml filled with buffer
phosphate (pH = 6:4) and the temperature during the test
performing was kept at 34 ± 1°C. The sufficient volume
of each sample (aqueous solution as a control, NE, in situ
gel NE) equivalent to 1mg of TMZ was placed in the
donor compartment on the outer surface of the nasal
mucosa. The permeation study was carried out for 6
hours. At the defined times (30, 60, 90, 120, 180, 240,
300, and 360min), 0.5ml of the aliquots were withdrawn
and analyzed for measuring the amount of permeated
drug by using UV spectrophotometry method at 327nm.

2.2.11. UV Analysis of TMZ. The determination of the TMZ
was done by validated UV spectrophotometry method.
Briefly, a stoke solution of TMZ (1mg/ml) was procured by
dissolving a precisely measured amount of TMZ inmethanol;
then, the standard working solutions were obtained by a
series of dilutions with buffer phosphate solution (pH = 6:4
). The absorbance rate of the prepared solutions was deter-
mined at 327 nm by SPECORD 210 UV spectrophotometer
(Analytik, Germany). The developed method displayed lin-
ear response (y = 0:0493x – 0:00039, r2 = 0:999) in the con-
centration range of 1.56 to 25μg/ml of TMZ with LOD and
LOQ of 117 and 354 ng/ml, respectively.

2.2.12. Gamma Scintigraphy. Developed TMZ-loaded NEs
was radiolabeled with technetium (99mTc) by direct labeling
method in the radiopharmacy lab of the Department of
Nuclear Medicine in Hamadan University.

In this method, initially, the pertechnetate (TcO4−) was
reduced with tin chloride dehydrate (SnCl2•2H2O) in order
to radiolabel TMZ. To reduce the 99mTc, 15μg tin chloride
dehydrate (SnCl2.2H2O) was added into 2mCi pertechne-
tate. Using sodium bicarbonate, the pH of the solution was
adjusted to ≈6.5–7.

Aqueous solution of 99mTc (2mCi) was mixed with the
formulations and incubated for 15min. The radiolabeling
efficiency was examined by thin layer chromatography using
acetone as a mobile phase. After confirmation of radiolabel-
ing process, Wistar rats weighted 250-275 g was anesthetized
using (peritoneal injection of ketamine (100mg/ml) and
25μl of the radiolabeled formulation was administrated
intranasally to each nostril. Then, the rats were placed on
the imaging platform. The images were recorded at selected
time of 0, 15, and 30min postadministration by Symbia
Evo Excel, Siemens Healthcare.

2.2.13. Statistical Analysis. All experiments were conducted
in triplicate and the outcomes are represented as mean
value ± standard deviation. Statistical data were analyzed
using a one-way analysis of variance (ANOVA) followed by
a post hoc test (Tukey’s test) using GraphPad Prism 7, and
the P value less than 0.05 is determined as the significance
threshold.

3. Results and Discussion

3.1. Solubility Studies and Selection of NE Components. For
intranasal formulations, it is essential to select safe, nonirri-
tating, and nonsensitizing excipients. Due to limited nasal
capacity, the volume of formulation which can deliver the
therapeutic dose to the site of action should be minimized
as much as possible. So, the solubilizing capacity of the oil
phase of NEs is important to reduce this volume [27].
Figure 1 represents the solubility of TMZ in various oils, sur-
factants, and cosurfactants. According to the graph, the solu-
bilization of TMZ was the highest in triacetin
(4:75 ± 0:21mg/ml) as an oil, Transcutol®P
(8:96 ± 0:80mg/ml) as a cosurfactant and labrasol
(12:35 ± 0:52mg/ml) as a surfactant in comparison to other
substances.
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Figure 1: Graphic representation of solubility of TMZ in various
oils (Oleic acid, Triacetin and Capryol 90), surfactants (Tween 80,
Cremophor®RH40 and Labrasol), and cosurfactants (PEG 400,
Transcutol®P and Propylene glycol). Each value represents mean
± SD (n = 3).
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In this study, triacetin, a monotriglyceride was selected as
the oil phase because of the high capacity for solubilizing of
TMZ. Labrasol, a nonionic surfactant with a hydrophilic-
lipophilic balance (HLB) of 14, was selected as a component
due to desirable solubilizing effect. Furthermore, the toxicity
of nonionic surfactants is lesser than ionic ones, and they
exert lower critical micelle concentration (CMC). They are
also compatible with numerous agents used in the formula-
tion of NEs. Their emulsifying properties are not affected
by pH and offer better in vivo stability of o/w NEs [41, 42].
Labrasol is reported to increase the permeability of tight
junctions and is being extensively used to improve the
absorption of poorly absorbed drugs via different routes,
including intranasal, oral, and transdermal [43, 44].

To achieve desirable NEs, the use of cosurfactant along
with surfactant is necessary to reduce the tension of the inter-
face and provide the interfacial film adequate flexibility
which leads to a higher entrapment of drugs [35]. Transcu-
tol®P (diethylene glycol monoethyl ether) was selected as
the cosurfactant based on its solubilizing capacity for TMZ,
high biocompatibility, and penetration enhancing properties
[45, 46].

3.2. Construction of Partial Pseudoternary Phase Diagrams.
The partial pseudoternary phase diagrams of NEs consisting
of triacetin and three different Smix (Labrasol and Transcu-
tol®P with weight ratios 2 : 1, 1 : 1, 1 : 2) were constructed by
water titration method to determine NE domains. Figure 2
shows these three pseudoternary phase diagrams.

As it can be observed, oil solubilizing capacities enhances
with increasing surfactant/cosurfactant content, irrespective
of the Smix. This phase study also revealed that the maximum
NE region was obtained when surfactant to cosurfactant ratio
was 2 : 1.

As the concentration of the labrasol was increasing,
higher solubilization of oil occurred. On the other hand, even
though it seems the use of cosurfactant (Transcutol®P) along
with the surfactants leads more stable interfacial film forma-
tion and modifies the film curvature but when an extra
amount of the cosurfactant presents, it also enters the oil core
of NEs, resulting in elevating droplet size and turbid experi-
ence [47].

Regarding the result obtained by partial pseudoternary
phase diagram construction, the amount of each component
for all proposed TMZ NEs was selected from the diagram
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Figure 2: Partial pseudoternary phase diagram of systems consist of water, oil (Triacetin), mixture of surfactant (Labrasol), and cosurfactant
(Transcutol®P) with different surfactant: cosurfactant ratio of (a) 1 : 2, (b) 1 : 1, and (c) 2 : 1 at room temperature (Green area of phase
diagrams shows the NE region).
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with the surfactant to cosurfactant ratio of (2 : 1) and enough
distance from the boundaries to ensure the stability of the
prepared formulations.

3.3. Preparation of NEs Containing TMZ. A low energy
method was applied to fabricate TMZ NEs. 0.15% w/w
TMZ was incorporated into the oily phase of each O/W
NEs selected based on pseudoternary phase diagrams
(Table 1). All prepared NEs were transparent with any phys-
ical instability during 72h monitoring at room temperature.

3.4. Physicochemical Characterization of NEs Containing
TMZ. The physicochemical properties of prepared NEs were
measured (Table 2).

All NEs represented proper droplet size in the range from
19nm to 23nm. Particle size is a critical factor for the intra-
nasal delivery of drugs to the CNS, as depletion in global size
(below 100nm) leads to a larger surface area, which enhances
the rate of drug absorption through olfactory and trigeminal
nerve terminations. This elevated absorption at targeting site
is attributed to a lower therapeutic dose of active agent and so
fewer side effects [48]. PDI value for all NEs was in the range
of 0.18 to 0.25, which indicates all of them have narrow size
distribution and spherical shape of droplets.

Slight positive and/or close to neutral zeta value in the
range of 1.02mV to 1.62mV for all formulation can be
explained by the nonionic nature of all emulsifying compo-
nents including surfactant and cosurfactant [49].

pH values of NEs were measured between 3.25 and 3.56,
which are in the acceptable range for nasal preparation (6 ± 3
) [50].

The measured viscosity for all the NEs was in the range of
3.51 cP to 5.87 cP. Our results demonstrated that the increase
in surfactant concentration is relevant to viscosity value.

Although all NEs showed suitable physicochemical prop-
erties for intranasal use, NE1 with fewer excipient content
and so less toxicity and also a more desirable size and PDI
values selected for further studies.

3.5. Preparation of In Situ Gel NEs. Poloxamer derivatives
were used as the gelling and mucoadhesive agents in our
study. Poloxamers with amphiphilic properties are widely
noticed in the formulation of thermosensitive in situ gels.
Among these derivatives, poloxamer 407 is more attractive
because of high solubilizing potential, insignificant toxicity,
desirable drug-release features, and compatibility with most
of the pharmaceutical agents. To optimize the gelling tem-
perature of formulations in the nasal cavity, poloxamer 407

was used with Poloxamer 188 in different ratios (Table 3)
[33].

3.6. Determination of Gelation Temperature of In Situ Gel
NEs. The gelling temperature is the temperature at which
sol to gel phase transition occurs. The general structure of
poloxamer consists of a hydrophobic core of polyoxypropy-
lene (PPO) and two hydrophilic segments of polyoxyethylene
(POE). POP: POE ratio determines each derivative different
specifies, including the critical micelle temperature (CMT),
which is a temperature that phase transition from sol to gel
occurs regards to polymer concentration. Indeed, hydropho-
bic portion (PPO) is attributed to the reduction in gelling
temperature while the hydrophilic portion (PEO) increases
it [33, 51].

An appropriate gelation temperature of an in situ gel for-
mulation for intranasal administration should be in the range
of 30–34°C as the formation of the gel below nasal cavity tem-
perature cause limitation for production and usage. On the
other hand, fluid and low viscose formulation between 30
and 34°C leads to rapid removal from the absorption region
after instillation [52]. NE1c with phase transition at 32.2°C
represents good phase transition temperature for intranasal
use (Table 3).

3.7. Physicochemical Characterization of In Situ Gel
Containing TMZ. The physicochemical properties of selected
in situ gel NE were measured (Table 2).

In comparison to NE, in situ gel preparation showed a
significant reduction in droplet size to 16:25 ± 0:44 nm,
which was expected according to poloxamer 407 emulsifying
properties. It has been found poloxamer derivatives have a
comparatively broad size distribution of PDI, so a slight rise
in PDI value up to 0:35 ± 0:01 for in situ gel NE can be justi-
fied by innate polydispersity of poloxamers [53].

In situ gel NE showed 4:36 ± 0:13 for pH value. Previous
studies demonstrated that the addition of poloxamer 407
increases the pH of hydrogels [54, 55]. This observed value
is near the ideal pH range of 4.5 to 6.5 for the nasal delivery,
which shows the least irritation at the nasal mucosa surface
[56].

An approach of in situ gel preparations for intranasal use
is to obtain low viscosity state at room temperature, thereby
precise dosing upon administration; on the other hand,
increased viscosity in the nasal cavity which prevents nasal
mucociliary and prolongs drug resistance time [57]. The
use of poloxamer as a viscosity-enhancing agent in formula-
tion raised viscosity to 113.57 cP, i.e., approximately 33-fold
more than NE with the same Smix content.

3.8. In Vitro Drug Release Studies. Drug release study is a
practical method to evaluate the effectiveness of the formula-
tion throughout investigating the effect of different formula-
tion components on its release characterization [58].

The release graph of the aqueous solution, NE, and in situ
gel NE containing TMZ is plotted in Figure 3. After half an
hour of the test beginning, approximately the entire amount
of TMZ released from the solution, whereas this amount was
fewer than 80% for NE and about 60% for in situ gel NE.

Table 1: Composition of NEs containing TMZ.

Formulation
code

Labrasol
(w/w%)

Transcutol®P
(w/w%)

Triacetin
(w/w%)

Water
(w/w%)

NE1 13.3 6.7 2.5 77.35

NE2 13.3 6.7 5 74.85

NE3 20 10 2.5 67.35

NE4 20 10 5 64.85
∗TMZ was used in 0.15% w/w concentration in all NE formulations.
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Furthermore, the release efficiency of NE and in situ gel NE
after 6 h were 90:78 ± 3:99% and 87:65 ± 0:46%, respectively,
clearly lower than the aqueous solution with 99:97 ± 1:43%
release efficiency (P < 0:01). So, it can be concluded that both
nanoformulations have sustained release patterns in compar-
ison to the solution.

The reduction in release efficiency for NE and in situ gel
NEmay be related to the entrapment of TMZ in the oil phase.
Drug release from NE involves penetrating it from oil into
the interfacial layer and then into the aqueous phase [59]. It
seems the addition of poloxamer in in situ gel formulation
leads to increased Smix concentration, which restricts the dif-
fusion of drug to the release medium [60]. Besides, poloxa-
mer derivatives have a core-shell structure, the hydrophobic
core as a drug-loading site along with the hydrophilic outer
shell influence in the drug release pattern, which can bring
about a slow release of the drug [51]. Also, enhancement of
viscosity due to the formation of gel could be served as a fur-

ther resistant barrier to the drug release from in situ gel NE.
This supposition may be boosted by the rheology studies,
which revealed that there is an inversely proportional rela-
tionship between formulation viscosity and release rate [61].

3.9. Accelerated Physical Stability Studies. Visual observation
after 30 minutes centrifuging indicated any instability for
both NE and in situ gel NE. Formulations were frozen when
they were kept in −21°C during freeze-thaw cycles, but after
30 minutes, keeping at room temperature clarity was recov-
ered. Visual observation also revealed no instability during
heating-cooling cycles. The results relating to the size and
PDI measurements showed no significant change in these
values (Table 4). Therefore, both formulations passed accel-
erated stability tests.

3.10. Ex Vivo Mucoadhesion Study. The ex vivo mucoadhe-
sion study was performed to estimate the adhesion of devel-
oped formulations to the nasal mucosa at the site of
absorption. According to the results, the aqueous solution
of TMZ as control demonstrated mucoadhesion percentage
of 16:1 ± 2:97. This percentage has risen to 20:35 ± 0:58 for
NE. Although this alteration is not statistically significant
(P > 0:05), but it seems as NEs are more viscous formulations
than solutions, they result in elevated residence time of the
drug in the nasal cavity [62]. In consequence of adding
poloxamer, in situ gel NE showed a noticeable mucoadhesion
percentage of 37:037 ± 2:32 (P < 0:001).

The mucoadhesive effect of Poloxamer 407 and 188 could
be clarified by the rheological properties and interaction of
these polymers with the mucosa. They have amphiphilic
nature which facilitates their interpenetration into the mucus
where forming entanglements or noncovalent bonds by the
van der Waals and hydrogen forces that result in the adhe-
sion of the polymer to the nasal mucosa [24, 33, 63].

Besides the adhesion properties of poloxamer, its surfac-
tant nature allows it penetrates into mucous and reaches the
epithelia simultaneously [46]. Thanks to mucoadhesive

Table 2: Physicochemical characterization of NEs and selected in situ gel NE (mean ± SD; n = 3).

Formulation code Droplet size (nm) PDI Zeta potential (mV) pH Viscosity (cP)

NE1 19:11 ± 0:59 0:19 ± 0:02 1:02 ± 0:08 3:56 ± 0:05 3:51 ± 0:28
NE2 19:90 ± 0:77 0:18 ± 0:04 1:07 ± 0:18 3:43 ± 0:05 4:31 ± 0:38
NE3 20:37 ± 0:95 0:25 ± 0:03 1:62 ± 0:61 3:33 ± 0:10 5:75 ± 0:26
NE4 22:38 ± 0:79 0:24 ± 0:03 1:22 ± 0:22 3:25 ± 0:07 5:87 ± 0:23
NE1c 16:25 ± 0:44 0:35 ± 0:01 2:38 ± 0:38 4:36 ± 0:13 113:57 ± 1:55
∗TMZ was used in 0.15% w/w concentration in all NE formulation.

Table 3: Formulation composition of in situ gel NEs and their gelation temperature.

Formulation code SMIX % Oil % P407% (gelling agent) P188% (gelling agent) Water% Gelation temperature (C°)

NE1a 20 2.5 20 0 57.35 24:4 ± 0:53
NE1b 20 2.5 19 1 57.35 27:6 ± 0:91
NE1c 20 2.5 18.5 1.5 57.35 32:2 ± 1:34
NE1d 20 2.5 18 2 57.35 >40
∗TMZ was used in 0.15% w/w concentration in all NE formulations.
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Figure 3: Release profile of selected NE and in situ gel NE in
comparison to TMZ solution for 6 hours (mean ± SD; n = 3).

7Journal of Nanomaterials



features, poloxamer has been used to develop hydrogels for
the direct delivery of many drugs to the brain via nasal route
[64, 65].

3.11. Ex Vivo Drug Permeation Studies. The permeation pro-
file of the control solution of TMZ, NE, and in situ gel NE
through the bovine nasal mucosa has been displayed in
Figure 4. The calculated Papp (apparent permeability) of
TMZ during 6h from in situ gel NE, NE, and control solution
were 7:79 ± 3:68 (×10−6cm/s), 7:34 ± 1:62 (×10−6cm/s), and
5:12 ± 2:79 (×10−6cm/s), respectively. Based on these results,
in situ gel NE and NE increased mucosal permeation of TMZ
1.52- and 1.43-fold higher than the control solution, respec-
tively (P < 0:001).

The enhanced permeation of the NE formulations in
comparison to TMZ solution is related to various character-
istics of these systems including nanometric droplet size of
the NE, and the presence of Smix with permeation-
enhancing properties [66, 67].

The size of the nanocarriers is one of the determinative
parameters for predicting permeation behavior across the
nasal mucosa. It has been reported that colloidal nanoparti-
cles having a size less than 20nm can pass on extracellularly
to the brain via the intranasal application. The mechanism of
endocytosis for intracellular transport to the brain depends
on the size of nanocarriers as well. Even though the exact
mechanism of transport for nanocarriers via the nasal route
is still unknown, both paracellular and transcellular transport
of nanosystems to the brain have been distinguished [68, 69].

The enhanced permeation for our preparations can be
related to Smix components, i.e., Labrasol and Transcutol®P,
regarding their solubilizing potential and penetrating
enhancing characteristics [70]. Labrasol also has been identi-
fied as the most efficient surfactant in inhibiting the P-
glycoprotein (P-gp), which acts as an efflux transporter and
so leads to a reduction of the absorption by enterocyte that
is a substrate for many lipophilic drugs [58]. Poloxamer
might favor intranasal absorption by declining the viscosity
and elasticity of the mucus as well as disturbing the lipid
membranes and enabling leakage of lipids and proteins from
the membranes [71]. As shown in our physicochemical stud-
ies, the presence of poloxamer in in situ gel formulation leads
to a reduction in droplet size. So, it seems poloxamer with
surfactant property increases permeation both by affecting
the structure of the mucosa and by reducing the size of the
droplets. In similar studies, poloxamer 407 in situ gel formu-
lation of sumatriptan and Labrasol-Transcutol-based
mucoadhesive microemulsion loaded with teriflunomide
showed an increased permeation rate across the nasal
mucosa [31, 52].

It can be concluded that the presence of various compo-
nents in these nanoformulations efficiently enhanced the
permeation of TMZ across the nasal mucosa.

3.12. Gamma Scintigraphy. According to the images demon-
strated in Figure 5, it could be observed that most part of
radiolabeled TMZ in both NE formulations is accumulated
in brain upon intranasal administration. A part of radioactiv-
ity was detected in gastrointestinal tract after 15 and 30min
post instillation. As these peripheral distributions are signifi-
cantly less than the presence of formulations in the brain, it
could be concluded that optimized TMZ NE and in situ NE
were efficiently uptake to the brain [67].

4. Conclusion

In this study, we developed a thermosensitive in situ gel NE
with desirable physicochemical properties for the intranasal
delivery of TMZ. Using poloxamer, a mucoadhesive gelling

Table 4: Results relating to droplet size and PDI values after centrifugation, freeze-thaw, and heating-cooling cycles (mean ± SD; n = 3).

Formulations
Initial values After freeze-thaw cycles After heating-cooling cycles After 30min centrifugation

Droplet size
(nm)

PDI
Droplet size

(nm)
PDI

Droplet size
(nm)

PDI
Droplet size

(nm)
PDI

NE 19:11 ± 0:59 0:19 ± 0:02 19:58 ± 0:34 0:19 ± 0:02 19:86 ± 0:08 0:19 ± 0:01 19:76 ± 0:05 0:18 ± 0:01
In situ gel NE 16:25 ± 0:44 0:35 ± 0:01 16:17 ± 0:55 0:33 ± 0:04 15:17 ± 0:43 0:22 ± 0:05 16:58 ± 0:32 0:39 ± 0:02
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Figure 4: Permeation profile of the selected NE and in situ gel NE in
comparison to TMZ solution for 6 hours (mean ± SD; n = 3).
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Figure 5: Gamma scintigraphy images of TMZ-loaded NE (left
side) and in situ gel NE (right side) following intranasal
administration at selected time point.
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agent, resistance time at the nasal mucosa surface has been
increased. This formulation demonstrated a sustained release
pattern and adequate permeation across the nasal mucosa.
The gamma scintigraphy studies confirmed the accumula-
tion of NE formulations in the brain. These findings illus-
trated that in situ gel NE of TMZ could be a promising
strategy for the treatment of brain tumors.
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