Amal M. Sindi, Int. J. Res. Pharm. Sci., 10(3), 2225-2233

ORIGINAL ARTICLE

INTERNATIONAL JOURNAL OF RESEARCH IN
PHARMACEUTICAL SCIENCES
Published by JK Welfare & Pharmascope Foundation

Journal Home Page: www.pharmascope.org/ijrps

In situ gel loaded with curcumin-based luvastatin nanostructured
carrier effective against squamous tongue carcinoma
Amal M. Sindi*
Oral Diagnostic Science Department, Faculty of Dentistry, King Abdulaziz University, Jeddah, Saudi
Arabia
Article History:

ABSTRACT

Received on: 04.04.2019
Revised on: 18.07.2019
Accepted on: 22.07.2019

The aim of the study was to devise a novel Fluvastatin (FT) based curcumin
(CR) nanostructured lipid carrier (NLC) loaded into an in situ gelling system
(ISG) for localized and prolonged chemotherapy in the treatment of aggressive tongue carcinoma. FT-CR NLC was prepared using the solvent evaporation method, characterized, and optimized. FT-CR NLC was loaded in a Poloxamer 407 and polyvinyl alcohol-based ISG, further characterized and evaluated. The percentage of cellular viability and caspase-3 enzyme levels were
evaluated for the optimized FT-CRNLC, and loaded ISG formulations were applied to HCS-3 cancer cell lines. Stability studies were performed. The optimized FT-CR NLC was spherical with an indicated particle size of 107 ± 4.5
nm, a polydispersity index of 0.38 ± 0.6, surface charge of -31.1 ± 1.8 mV, and
entrapment ef iciency of 98.4% ± 0.81%. The optimized ISG had an optimum
sol-gel transition temperature. The FT IC50 was decreased by half for FT-CR
NLC–loaded ISG in comparison to plain FT and FT-CR NLC. The studies indicated that CR’s synergistic anti-oxidant effect in the FT NLC formulation led to
a higher inhibition against HCS-3 cancer cell lines. FT-CR NLC–loaded ISG had
a prolonged release that can be signi icant in localized therapy as an alternative to surgery, especially in the treatment of aggressive tongue squamous cell
carcinoma.
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INTRODUCTION
Oral cancer is one of the most common forms of cancer in humans, arising from squamous cells and affecting the oral cavity and pharynx. With poor treatment and prognosis, male smokers are at higher risk
for oral cancer and account for 50% of mortalities

across the globe (Warnakulasuriya, 2009). Improvement in average survival rates is minimal due to
drawbacks in standard chemotherapy, such as indigent drug speci icity, unwanted effects, and over
treatment. Surgical removal remains as the inal
treatment option (Hirano et al., 1992). Statins such
as 3-hydroxy-3-methylglutaryl coenzyme A (HMGA
CoA) reductase inhibitors are employed in the treatment of hypercholesterolemia (Doktorovova and
Souto, 2009). In addition to cholesterol reduction, statins are reported to exhibit direct antiin lammatory and antithrombotic activity and are
now recognized for their pleiotropic cellular outcomes, inhibiting metastasis and regulating the cell
cycle in tumor cells. For example, luvastatin (FT) is
reported to inhibit the formation and further growth
of liver metastases in pancreatic cancer cells (Taylor et al., 2011). FT, when used alone, can effectively induce apoptosis and can stabilize squamous
cell oral or tongue carcinomas (Bocci et al., 2005).
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Administration of statins, along with a phytocompound that has antioxidant properties, has yielded
better results. For example, simvastatin combined
with alpha-lipoic acid exhibited enhanced toxicity
against breast carcinoma cell lines (Fujiwara et al.,
2008). Effective localized delivery of FT along with
a natural anti-oxidant using nanocarriers needs to
be explored.

In order to over-come physiochemical barriers of
FT, NLC can be bene icial and to evaluate its repurpose use in the chemotherapy of tongue carcinoma loaded into the in-situ gelling system for
localized delivery would be essential. Therefore,
the present study aims to formulate FT NLC using
the solvent evaporation method with CR as an antioxidant loaded in Poloxamer based in situ gel for
prolonged-release and to evaluate its effectiveness
Curcumin (CR) (diferuloylmethane) is the main con- against HSC-3 tongue carcinoma cell lines.
stituent of turmeric, a spice derived from the rhizome of the plant Curcuma longa. By virtue of MATERIALS AND METHODS
their chemical structure, curcuminoids that have
two methoxylated phenols in stable enol form ex- FT was a gift sample from Bayer, Germany. Egg
hibit potential antioxidant activity (Fahmy and Al- lecithin, isopropyl myristate, and D-tocopherol
jaeid, 2016). It is reported that CR, in response polyethylene glycol succinate (TPGS) were obtained
to oxidative stress, downregulates iNOS activity in from Acros Organics, USA. Stearic acid, PVA (Mw:
macrophages, thereby reducing concentrations of 9000–10,000; 80% hydrolyzed) and Tween 80 were
reactive oxygen species (ROS) (Masuda et al., 1999). purchased from Sigma Aldrich, USA. HSC-3 cell lines
CR has been shown to inhibit Phase I enzymes and were a gift from the Department of Pharmacology,
induce Phase II enzymes involved in carcinogenic King Abdulaziz University, Saudi Arabia. All other
metabolites. The inhibitory effect of CR on carcino- solvents, chemicals, and reagents used were of anagenesis has been reported in tumor animal mod- lytical grade.
els, including intestinal, oral, and mammary carci- Preparation of FT-CR NLC
nomas (Jayaprakasha et al., 2006). The synergistic effect of CR combined with FT to inhibit oral NLC formulation was optimized by varying formulasquamous cell carcinoma has not been explored tion parameters such as phospholipid (egg lecithin),
previously and may be a breakthrough in treat- surfactant (Tween 80), and emulsi ier (TPGS). A
ment. Nanostructured lipid carriers (NLCs) are series of nine formulations were prepared (Taversatile, bio compatible nanosystems formed from ble 1) to understand the effect of components in
the mixture of solid and liquid lipids and have an terms of size, charge, and percentage entrapment
unstructured matrix due to their various compo- ef iciency (% EE). NLC-loaded FT (5%) and CR
nents. NLCs are recognized for their high drug- (0.5%) were prepared using the solvent evaporation
loading capacity due to their unequal crystal struc- method (Uner, 2006). Stearic acid and isopropyl
ture and even for avoiding drug expulsion during myristate were used in a 4:1 weight ratio. Equivstorage (Huang et al., 1994). NLCs provide greater alent weights of FT, CR, phospholipid, and emulsipenetration into cells, extended circulation in vivo, ier were dissolved in chloroform at different ratios.
greater stability, and less susceptibility to gelation, The organic phase was slowly added dropwise to the
which can facilitate their incorporation into suit- aqueous phase consisting of Tween 80 and homogable systems (Radtke and Müller, 2001) for local- enized (UltraTurrax T25, IKA, Germany) at 10,000
ized oral delivery, especially in the treatment of rpm for 15 min. The emulsion was probe sonicated
tongue carcinoma. In situ gel (ISG) forming sys- (Vibra cell, Sonics, USA) at 45% amplitude for 15
tems (injectable) are luids that rapidly undergo min. The formulation was left for stirring for 3 h
gelation/solidi ication in response to several ex- to remove the residual organic solvents and, inally,
ternal stimuli, such as temperature, solvent (Ruel- lyophilized and stored in a tight container.
Gariépy and Leroux, 2004). These systems are Preparation of FT-CR NLC–loaded ISG
free- lowing at room temperature but solidify af- Optimization and preparation of P 407 solutions
ter injection into the body. Cellulose derivatives, was performed using a previously reported cold
polyethylene oxide-b-propylene oxide-b-ethylene method (Chen et al., 2016). An equivalent amount of
oxide (Poloxamer)/copolymers and poly(ethylene prepared FT-CR NLC was added, and the gels were
oxide)/(D, L-lactic acid-co-glycolic acid) copolymers characterized for their visual appearance, pH, and
transform into gel in response to external temper- gelation time.
ature changes (Ito et al., 2007). Poloxamer 407 (P
407) (high concentration) aqueous solutions with Characterization of FT-CR NLC formulation
polyvinyl alcohol (PVA) tend to form thermorespon- Determination of particle size and particle size
sive gels as in situ gel (Taheri et al., 2011).
distribution (PDI)
2226
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Table 1: Different components and wt ratios selected for optimization of FT NLC
Formulation Egg Lecithin (%) Tween 80 (%) TPGS (%)
F1
F2
F3
F4
F5
F6
F7
F8
F9

15
0
0
10
10
0
20
15
0

Approximately 1 mg of FT-CR NLC was dispersed in 3
mL of Millipore water. All measurements were performed in triplicate (n = 3) at 25◦ C at a 90◦ scattering
angle using a Zetasizer NanoZS 90 (Malvern Instruments, UK).
Determination of zeta potential
Approximately 1 mg of FT-CR NLC was diluted in a
1:10 ratio using deionized distilled water. The electrophoretic mobility was measured in zeta cell (disposable) using a Zetasizer NanoZS 90. All samples
were analyzed in triplicate (n = 3).
Determination of drug % EE
Accurately weighed FT-CR NLC was dissolved in
methanol (3 mL) and ultra-centrifuged (Thermo
Scienti ic Sorvall, Pittsburgh, PA, USA) at 11,000
rpm for 44 min to separate the aqueous and lipid
phase. The obtained supernatant was diluted with
the mobile phase and quanti ied at λmax 304 nm
using a slight modi ication of a previously reported
high-performance liquid chromatography (HPLC)
method (Nakashima et al., 2001).

0
15
0
10
0
10
10
20
15

0
0
15
0
10
10
0
0
10

Determination of gelation temperature by visual
examination
Two glass tubes (10 mL) were taken, each containing 1 g of sample and 1 mL of water. A thermometer was inserted into the tubes, and both tubes were
placed into a water bath. The temperature of the
water bath was gradually increased, and the point
at which the sample low stopped upon inverting
was recorded (T1). Conversely, the temperature
was gradually decreased, and the gel low time was
recorded (T2). The critical gelation temperature of
prepared FT-CR NLC–loaded ISG was determined by
calculating the average of both temperatures (T1
and T2) (Jeong et al., 2000).
In vitro drug release studies

A membraneless dissolution model was adopted to
determine FT release from the FT-CR NLC–loaded
ISG and plain FT-CR–loaded ISG. One gram of cold
formulation solution was put into a glass tube and
placed in the 37◦ C water bath. Once gelation was attained, 500 µL of phosphate buffer solution (pH 7.2;
pre-equilibrated at 37◦ C) was dropped on the for% EE = (initial amount of drug added − free drug / mulation surface. At predetermined time points (0,
initial amount of drug added) × 100 (1)
2, 8, 24, 48, 72, 96, 144, 168, and 192 h) the complete
medium was aliquotted and immediately replaced
Determination of surface morphology
with fresh release medium (Zhang, 2002). The samThe dry NLC was evenly mounted on the metallic ples were quanti ied at λ
max 304 nm by the previstub and sputter-coated with gold. The imaging ously reported HPLC method in triplicate.
was performed using Scanning electron microscopy
(Carl Zeiss Meditec AG, Jena, Germany) at an accel- In vitro cell viability assay
erating voltage of 15 to 18 kV. The images were The prepared formulations of FT-CR NLC, FT-CR
recorded and saved.
NLC–loaded ISG, and plain FT were evaluated
for their in vitro cytotoxicity against HCS-3
Stability studies
cells by the 3-[4,5-dimethylthiazol-2-yl]-2,5The optimized formulation was evaluated for a pe- diphenyltetrazolium bromide (MTT) method.
riod of 3 months for its stability at different temper- Brie ly, exponentially growing HCS-3 cells at a cell
ature and humidity conditions as per ICH Q1 AR2 density of 5 × 104 cells/mL were trypsinized using
guidelines. Parameters such as size, surface charge, 0.25% trypsin-EDTA and seeded in a 96-well plate
and % EE were evaluated.
at about 2500-5000 cells/well. After 24 h, the
FT-CR NLC–loaded ISG characterization
medium was replaced
© International Journal of Research in Pharmaceutical Sciences
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with fresh Dulbecco’s Modi ied Eagle Medium
(DMEM). The cells were treated with 5- luorouracil
as control, plain FT, FT-CR NLC, and FT-CR NLC–
loaded ISG at a concentration of 10 to 50 µg/mL
and incubated for 72 h. Then 0.1 mL of DMEM
having 0.2 mg/mL MTT was added and incubated
for 2-3 h. The DMEM was removed, and 100 uL of
DMSO was added to dissolve the formazan formed.
The absorbance was measured at 540 nm using a
microplate reader (Biotek Synergy, USA). IC 50 was
determined using a dose-responsive curve (Chien
et al., 2012).

from 0.23 ± 0.8 to 0.68 ± 0.6; a PDI value <0.5 is regarded as having better stability. In terms of structure size, PDI, and charge, formulation F4 was best
and hence was selected as the optimized formulation. The mean zeta potential, PDI, and particle size,
along with % EE, are depicted in Table 2.
Determination of % EE

In Table 2 it is evident that when egg lecithin and
TPGS were used as an emulsi ier matrix (F5), the
FT loading was approximately 1.5-fold higher than
in F4 (egg lecithin and Tween 80) and F6 (Tween
80 and TPGS). The formulation consisting of egg
Caspase-3 enzyme assay
lecithin and TPGS had a better FT % EE (p < 0.05) in
Plain FT, FT-CR NLC, and FT-CR NLC–loaded ISG comparison to formulations having egg lecithin and
were tested. The cells were cultured in RPMI 1640, Tween 80. TPGS systems alone or with Tween 80 (p
consisting of 10 % fetal bovine serum at 37◦ C, tested < 0.05) even had a higher % EE.
for caspase-3, and further lysed using cell extraction Surface morphology studies
buffer. The collected lysate was diluted in the stanThe optimized FT-CR NLC F5 was spherical with
dard diluent buffer as per the assay range for human
smooth surfaces that are distinct and without aggreactive caspase-3 traces. Furthermore, the cells were
gation (Figure 1).
plated at 1.3-1.9 × 10,000 cells/well in DMEM (100
µL). Twenty-four hours before the caspase-3 assay,
each sample was inoculated in a 96-well plate (Lin,
2007). The assay was carried out using spectrophotometry at 450 nm, as per the kit instructions (USCN
Life Science Inc., China).
Statistical analysis
One-way analysis of variance (GraphPad Prism
v5.01, GraphPad Software, San Diego, California)
was used to analyze data for multiple comparisons.
The level of signi icance was set at p < 0.05.
RESULTS AND DISCUSSION
Preparation of FT-CR NLC

Figure 1: SEM image of optimized F5
Components such as stearic acid and isopropyl formulation
myristate were used as the solid and liquid matrix
for stable formation of NLC.
Stability studies
Particle size, zeta potential, and PDI measure- Signi icant differences in particle size, zeta potential,
ments
and % EE were observed after 3 months, indicating
Different components used in the preparation of FT- that NLC has long-term stability. (Table 3)
CR NLC revealed their effect on the quality of NLC
formed. Shown in Table 1, the concentration of components chosen for F1, F2, F3, and the NLC size
gradually increased, with more than -21 mV surface
charge, which indicates poor stability of the NLC.
In contrast, F4 and F5 were smaller (<120 nm) in
comparison to other formulations at 92.6 ± 2.5 and
107 ± 4.5 nm, respectively. Overall, all formulations
have indicated values from -9.3 ± 0.4 mV to -35.1 ±
0.2 mV, indicating F4 as more stable in the aqueous
dispersion environment in comparison to the other
formulations. The PDI of all formulations ranged
2228

Optimization of ISG and loading of FT-CR NLC
Different concentrations of P 407 and PVA were used
to formulate the optimized ISG for FT-CR NLC loading indicated in Table 4. The optimized ISG was
developed by using a minimal concentration of P
407 (14%) with the addition of PVA. The inal FT-CR
NLC–loaded ISG formulation was transparent with
good rheological properties.30
Visual measurement of gelation temperature:
Composition B (14 % P 407 and 10 % PVA) from Table 5 had a higher critical gel temperature at 27.2 ◦ C
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Table 2: Characterization of NLC for particle size, zeta potential, and % EE
Formulation Particle Size (nm) Zeta Potential (mV) PDI
156 ± 2.4
174 ± 1.5
256 ± 0.4
92.6 ± 2.5
107 ± 4.5
332 ± 3.5
199 ± 0.2
184 ± 3.2
212 ± 1.3

F1
F2
F3
F4
F5
F6
F7
F8
F9

- 22.3 ± 0.2
-24.3 ± 1.5
-26.1 ± 3.1
- 35.1 ± 0.2
-31.1 ± 1.8
-9.3 ± 0.4
-15.6 ±0.7
-22.2 ± 0.6
-12.1 ± 2.1

Table 3: Results of stability studies
Optimized Temp. Particle size
PV
Formula
(nm)
◦
(F5)
C
0
3
month month
FT-CR
NLC

4

107 ±
4.5

24

107 ±
4.5

108
±
2.3
109
±
1.2

Zeta potential
(mV)

0.48 ± 0.5
0.54 ± 0.1
0.38 ± 0.4
0.23 ± 0.8
0.38 ± 0.6
0.36 ± 0.2
0.44 ± 0.9
0.52 ± 0.5
0.32 ± 0.3

PV

0
3
month month

% EE
10.2 ± 0.21
3.7 ± 0.35
15.2 ± 0.47
92.1 ± 0.65
98.4 ± 0.81
58.3 ± 0.66
31.5 ± 0.84
76.2 ± 0.54
61.2 ± 0.21

Entrapment
ef iciency (%)
0
month

3
month

PV*

0.93

-31.1
± 1.8

-30.2
± 2.5

0.9

98.4 ±
0.81

96.5 ±
0.21

1.9

1.87

-31.1
± 1.8

-29.2
± 2.5

1.9

98.4 ±
0.81

97.2 ±
0.15

1.2

*PV: Percent Variation

Table 4: Polymer composition of blank ISG
system
Polymer
Composition
A
B (%) C (%)
(%)
Poloxamer
407
Polyvinyl
alcohol

14

14

10

14

10

14

and was selected for further evaluations.
Table 5: Critical gelation temperature of blank
ISG
Composition T1 (◦ C) T2 (◦ C)
Average (◦ C)
A
B
C

20.1
28.1
27.5

19.3
26.3
25

mized FT-CR NLC, and FT-CR NLC–loaded ISG as a
function of time. At 24 h an initial burst release was
observed from FT-CR NLC in comparison to FT-CR
NLC–loaded ISG. At the irst 24 h, about 65.68 ± 1.2
cumulative percentages FT was released from FT-CR
NLC, which was reduced to 35.3% ± 2.3% for FT-CR
NLC–loaded ISG. The drug release from plain FT was
very low due to solubility issues, whereas FT from
FT-CR NLC and FT-CR NLC–loaded ISG was concentration dependent and continuous for the next few
days. The release of FT from FT-CR NLC–loaded ISG
was slower to plateau at up to 96 h but was continuous up to 14 days. However, there was 92.3% ±
2.4% cumulative release of FT-CR NLC at 144 h, in
comparison to FT-CR NLC–loaded ISG, which had a
steady state of 50.2% ± 1.7%.
In vitro cell viability assay

19.7
27.2
26.2

Five treatments (plain FT, FT NLC, FT-CR NLC, FTCR NLC–loaded ISG, and 5 luorouracil as a control)
at 10 to 50 µg/mL were applied to HSC-3 cell lines.
Figure 3 shows that all treatments reduced cell viability in a dose-dependent way. The IC50 values of
In vitro release studies
the treatments were as follows: plain FT, 74.5 ± 2.1
Figure 2. Indicates the comparison of the cumula- µM; FT NLC, 21.6 ± 4.2 µM; FT-CR NLC, 19.4 ± 4.2
tive percentage of FT released from plain FT, opti- µM; FT-CR NLC–loaded ISG, 16.6 ± 1.6 µM; and 5 lu© International Journal of Research in Pharmaceutical Sciences
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Figure 2: Comparison of in vitro release pro iles
of plain, NLC, and NLC-loaded ISG formulations

Figure 4: Caspase-3 enzyme concentrations in
HCS-3 cells treated with different formulations
and control(solvent-free); data are presented as
the mean ± SD (n = 6).

models would enable the innovator product to be
orouracil, 2.6 ± 0.4 µM. The observed IC50 for FT-CR clinically useful. The selection of phospholipid-like
NLC was lower than that of FT NLC, indicating the ef- egg lecithin was crucial in determining the strucfect of CR in yielding higher cytotoxicity against HSC- ture and stability of NLC. Optimization of the phospholipid concentration had a signi icant effect on
3 cells.
the size of the NLC, as reported earlier (Chen et al.,
2010). Tween 80 was selected as a surfactant and
can provide cohesive forces between non-aqueous
and aqueous phases and thus minimize droplet contact, enhancing the emulsion stability as a complement to TPGS (Teeranachaideekul et al., 2007).
TPGS was selected because of its better emulsi ier
properties and enabled uniform solubility of FT and
even CR. CR (0.5% concentration) was ixed based
on the previously reported data for optimum free
radical scavenging capacity (Chen-Yu et al., 2012).
Figure 3: HSC 3 cell viability evaluated by MTT
assay after 72 h treatment with different
formulations. For the control group, cell
viability was normalized to 100. The values
represent the mean ± SD of three independent
experiments (n = 9).
Caspase-3 Enzyme Assay
In all treatment formulations of the study, a significant amount of caspase-3 was detected in HCS-3
cells as depicted in Figure 4.
Currently, there are limited therapeutic strategies
for the treatment of tongue carcinoma. Drug repurposing and advances in formulation techniques
are very promising and are being evaluated for providing long term effectiveness. NLC stand out for
their high loading and better transfection ef iciencies treating various carcinomas and ISG for providing localisation and prolonged release of the drug.
In-depth evaluation of formulations using in-vitro
2230

For F1, F2 and F3, the % EE was almost negligible because they easily emerge and loccule when
TPGS, egg lecithin, and Tween 80 were used as separate emulsi iers. Although the solubility and physiochemical properties of FT and CR play an important
role, the nature of the surfactant has a signi icant
role in FT-CR localization within the lipid carrier.
Emulsi iers can hold back the FT-CR by reducing
their leakage from the oil droplets, aiding in better
EE within the NLC. The head (hydrophilic) portion of
tocopherol succinate and bulky alkyl tail (lipophilic)
from polyethylene glycol of TPGS has a bulky, large
surface area that effectively protects against partition and diffusion of FT-CR from the polymer interface to the external phase (Gabal et al., 2014). Therefore, the % EE of FT-CR is signi icantly improved
in the NLC. The stability of optimized FT-CR NLC
formulation could be attributed to the fact that FT
was completely dissolved in the lipid matrix. (Zhang
et al., 2010) Furthermore, Tween 80 and TPGS reduced the electrostatic repulsion between particles,
leading to better stabilization and forming a layered
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structure around the particles (Zhou, 2012; Yuan result can be bene iciary in the treatment of oral
et al., 2012).
squamous cell carcinoma (Ip et al., 2011). Regulation of apoptosis depends upon the activation of
The release of FT from the formulation was con- caspases (cysteinyl aspartate-speci ic proteinases).
centration dependent, indicating irst-order kinet- The intensity of cytotoxicity and the amount of drug
ics. In comparison to FT-CR NLC, which was bipha- uptake at the cellular level are highly correlated.
sic, the release of FT from P 407–based ISG occurred Nanosized FT-CR NLC (100-150 nm) can easily pendue to the diffusion of FT through water channels etrate into the leaky neovasculature of cancer tiswithin the gel matrix and FT (Madane and Mahajan, sue (Rashmi, 2004). The present study illustrates
2016; Bhowmik et al., 2013; Jabarian et al., 2013). that this novel strategy can be an alternative to
If the disintegration of the NLC lipid matrix was surgery and can be extended to sustained release of
a criterion for fast release of FT from NLC, both other statins, especially in the treatment of aggresNLC and NLC-loaded ISG would have exhibited the sive squamous cell tongue carcinoma.
same release pro ile. The initial burst release of FT
from NLC at 24 h was solely due to FT at the sur- CONCLUSIONS
face of NLC, which allowed greater diffusion of water through the liquid matrix and faster release of In the present study, FT-CR NLC was successfully
FT. FT-CR NLC showed dose-dependent cell viabil- prepared using the solvent evaporation technique,
ity compared to the control group. The cell viabil- and the optimized formulation (F5) was loaded in a
ity showed saturation at 40 µg/mL. Hence, FT-CR P 407 (14%)–PVA-based ISG system having an avNLC showed better cytotoxic activity compared to all erage gelation temperature of 27◦ C. No signi icant
other treatments. FT exhibited high toxicity through difference was observed between optimized FT-CR
inhibition of 3-hydroxy-3-methylglutaryl coenzyme NLC and the loaded ISG in terms of morphology, %
A reductase, which in turn decreases mevalonate EE, or size, indicating good stability at elevated temlevels, thereby reducing dolichol, cholesterol, ger- perature. The study con irmed the synergetic effect
anylgeranyl pyrophosphate, and farnesyl pyrophos- of CR on FT cytotoxicity against HSC-3 tongue carphate type isoprenoid intermediates. These inter- cinoma cells. The particle size, charge, and % EE
mediates are connected to vital proteins, including of F5 indicated the impact on cytotoxicity. CaspaseRho and GTP-restricting Ras (Tricarico et al., 2015; 3 enzyme assays corroborated that the incidence of
Hooff et al., 2010). Isoprenylation of the Rho and apoptosis caused by FT-CR NLC ISG was greater than
Ras proteins is directly inhibited by FT (Wheeler, that with other treatments. Incorporating the FT-CR
2006). The difference in the IC50 of FT-CR and FT- NLC into gel offers a suitable sustained delivery of
CR NLC was signi icant due to high af inity to the Pgp FT from the biodegradable in situ gel matrix.
ef lux transporter and higher penetration, cellular
uptake micropinocytosis, (Cho et al., 2005) and en- REFERENCES
docytosis in comparison to FT-CR NLC–loaded ISG,
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