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ABSTRACT

Objective: Ovarian cancer is the most deadly cancer in women, ranking fourth among all fatal diseases in women. Conventional chemotherapy has
its own plethora of challenges, such as side effects and disease relapse. Hydroxyurea is a type of anticancer drug that is commonly used to treat
malignancies. This study aims to develop and optimize hydroxyurea nanostructured lipid carriers (NLCs) to improve the therapeutic index and
reduce its side effects in the effective treatment of OC.

Methods: NLCs were prepared by microemulsion technique. They were prepared and optimized using the design of experiment for particle size and
drug entrapment efficiency. Particle size, polydispersity index, zeta potential, morphology, in vitro release, and stability were all examined in the
optimized formulation.

Results: The results showed that the particle size of the NLCs was in the range of 224 nm to 634 nm. The drug entrapment efficiency of the NLCs
was in the range of 46.33 % to 70.43 %. The optimized NLCs had a particle size of 237 nm, a polydispersity index of 26.9%, and a zeta potential of-
29.7 mV. These NLCs were spherical, showed in vitro drug release of 92.21% up to 48 h, and were found to be stable from the stability studies.

Conclusion: This approach could be used as a better drug delivery platform to improve the drug's therapeutic index, reduce its side effects, and be

feasible in the effective management of ovarian cancer.
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INTRODUCTION

Ovarian cancer (OC) is the deadliest malignancy in women, ranking
4t among all fatal diseases in women. Patients with this lethal
cancer have a 5-year survival rate of only 45.6 %. For the majority of
patients, detection at the advanced stage of cancer results in a poor
survival rate of 35 %. Debulking surgery, chemotherapy, and
radiation therapy are the currently available treatment options. The
most important aspect of OC treatment is chemotherapy. Depending
on the stage of OC, chemotherapeutics drugs will be chosen for
therapy. During the OC medication selection procedure, the
sensitivity of the chemotherapeutic drug is critical. The use of high-
dose chemotherapeutics will result in complications due to side
effects, and the treatment plan may be terminated. Since OC cells go
through molecular changes over time, they may become resistant to
treatment [1-4]. Conventional treatment, on the other hand, has its
own set of drawbacks, including toxicities and subsequent disease
relapse due to multidrug resistance. Furthermore, because the
chemo-drug is not specific for OC destruction, it causes dose
cytotoxicity. Patients have a plethora of adverse effects, including
excessive nausea, hair loss, and a decrease in plasma cell counts, as a
result of taking chemotherapy for OC treatment. Several targeted
drug delivery platforms have been developed to deliver
antineoplastics to specific tumour sites, overcoming the treatment
disadvantages of conventional antineoplastics [5-7].

Hydroxyurea (HU) is an anticancer drug that is commonly used to
treat hematologic malignancies, sickle cell anaemia, breast cancer,
ovarian cancer, and other conditions. HU prevents cells from leaving
the G1/S phase of the cell cycle by inhibiting ribonucleoside
diphosphate reductase, an enzyme necessary to convert
ribonucleoside diphosphates to deoxyribonucleoside diphosphates.
Long-term usage of high doses of this medicine has adverse effects
on the blood and skin of the patients. Large amounts of drug release,

deposits, and withdrawals of the drug via the reticuloendothelial
system are some of the key issues with this type of drug delivery [8,
9]. To address these issues, nanostructured lipid carriers (NLCs) will
be developed. NLCs are second-generation lipid nanoparticles
developed using a blend of solid and liquid lipid. Nanoparticles have
emerged as a promising strategy for the effective delivery of drugs
[10, 11]. In cancer therapy, NLCs have recently emerged as a
multifunctional platform for drug delivery. Many advantages of this
delivery system have been reported in earlier research, including
excellent entrapment efficiency, good stability, and sustained release
of drugs at specific rhythmic intervals [12-15].

This study aims to develop and optimize HU NLCs to improve the
therapeutic index and reduce its side effects in the effective treatment
of OC. Altering the formulation aspects like stirring time and
ingredients concentration and ratio can influence the essential
parameters of NLCs, such as particle size and entrapment efficiency.
Thus, an experimental design was used to predict the optimized NLCs.

MATERIALS AND METHODS
Materials

Hydroxyurea was purchased from Sigma Aldrich (Mumbai, India).
Glycerol monostearate, oleic acid, poloxamer 407, tween 80, and
mannitol were procured from Himedia Labs (Mumbai, India). The
other chemicals and reagents used in the study were of analytical
grade.

Preparation of NLCs

NLCs were prepared by the microemulsion method. The lipid
mixture of glycerol monostearate and oleic acid (1.25 g/0.625 g) is
weighed and melting them in a water bath at 75-80 °C. Hydroxyurea
(150 mg) is added to the melted lipid phase. Under magnetic
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stirring, the lipid melt was dispersed in a 20 ml hot aqueous
surfactant solution of the same temperature containing 1%
Poloxamer 407 and 1 % tween 80 (w/v) to form an o/w emulsion.
For 30 min, the o/w pre-emulsion was subjected to bath sonication.
The formed o/w nanoemulsion was allowed to cool to room
temperature. 5% Mannitol was added to the NLC solution and
stirred for 15 min. Then, the NLC solution was subjected to
lyophilization [16, 17].

Experimental design

There are several statistical models for designing nanoparticle
optimization. Here, Box Behnken design (design-expert software
version 13) was used to determine the appropriate parameters
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range that influence the preparation and optimization of NLCs. This
allows for evaluating several independent variables on dependent
variables using a set of experimental runs. The independent
variables (or factors) for optimizing HU NLCs are stirring time (A),
solid lipid: liquid lipid (B), and surfactant concentration (C). Particle
size (Y1) and drug entrapment efficiency (DEE) (Y2) are the
responses. The levels of these factors are shown in table 1. The
design-expert software was used to create 13 tests in order to
determine the relevant statistical aspects and optimize the
preparation of HU NLCs. The major purpose of this approach was to
reduce particle size while increasing DEE in HU NLCs. Based on the
findings of the ANOVA (analysis of variance), the best model for each
variable was selected [18, 19].

Table 1: Variables for the preparation and optimization of HU NLCs

Independent factors Design level

Uncoded Coded Uncoded level Coded level

Stirring time (h) A 3 -1
6 0
9 +1

Solid lipid: Liquid lipid (w/w) B 1:0.5 -1
1:1 0
1:2 +1

Surfactant concentration (%) C 1 -1
1.5 0
2 +1

Dependent factors Constraints

Y1: Particle size Minimize

Y2: DEE Maximize

Physicochemical characterization
¢ Particle size, polydispersity index (PDI), and zeta potential

After a sulfficient dilution with distilled water previously filtered using
a 0.45 membrane filter, the particle size, PDI, and zeta potential of the
NLCs were evaluated using an Anton Paar Litesizer 500. A few drops of
HU NLCs were taken and mixed with water to make a 10 ml solution,
which was then put into the quartz cuvette [20].

¢ Drug entrapment efficiency

The DEE was estimated by calculating the free HU in the solution
containing NLCs. The NLC solution was first centrifuged for 20 min
at 14000 rpm. The free drug content was then determined by
diluting the supernatant solution and using UV spectrophotometry
at wavelength 214 nm (15). DEE was calculated using the following
equation:

Total HU taken — Free HU

DEE % = X 100
% Total HU taken

¢ Morphological studies

Scanning electron microscopy (SEM) is used to examine the
morphology (size and shape) of the optimized NLCs. The surface
properties of the samples were examined using a Zeiss SEM with a
10-keV pulse and several resolutions.

o Invitro release studies

Under sink conditions, the release of HU from the NLCs was
examined. Dialysis bags were filled with 5 ml of NLCs equivalent
(MWCO 12000, HiMedia). The dialysis bags were immersed in 50 ml
of dissolution medium and stirred at 37 °C with magnetic stirring. At
each time interval, aliquots of the dissolving medium were taken and
replaced with the same volume of fresh dissolution medium to
maintain a constant volume. HU concentration was measured
spectrophotometrically at 214 nm in samples extracted from
phosphate buffer saline (pH 7.4) against a solvent blank [20-22].

e Stability studies

The optimized formulation packed in its primary pack 30 ml tubular
vial with a 20 mm rubber stopper was subjected to accelerated

stability studies using an environmental testing chamber (Remi
instrument Ltd) for 30 d. Storage conditions of the testing chamber
are maintained at 40°+2 °C and 75%+5% relative humidity (RH). In
addition, the formulation was evaluated for appearance, drug
entrapment efficiency, and in vitro drug release.

RESULTS AND DISCUSSION

Numerous researchers have developed NLCs using various
techniques. Here, we have employed the microemulsion technique
followed by bath sonication to prepare NLCs in an affordable, easy,
and reproducible manner. The microemulsion must be formed at a
temperature higher than the lipid's melting point in order to form
with a lipid that is solid at room temperature [23].

Experimental design
e ANOVA analysis

Table 2 shows the independent variables with measured responses.
The particle size of HU NLCs varies from 228 nm to 634 nm. DEE of
HU NLCs varies from 46.33 % to 70.43 %. Tables 3 and 4 provide the
ANOVA results and fit statistics for response 1. Tables 5 and 6 show
the ANOVA results and fit statistics for response 2. To assess the
influence of the parameters, mathematical equations were
established for both responses.

The best-fitting equation for particle size was the linear model, as
shown below:

Particle size = 433.77-118.88A+59.25B-63.63C

R? and adjusted R? scores can be used to assess model accuracy
(table 4). For this model, these values were very similar and
acceptable. This indicates that the model is capable of accurately
predicting outcomes.

The best-fitting equation for DEE was the 2FI model, as shown below:
DEE = 56.25+5.53A+3.19B+7.47C+0.7475AB+2.62AC+1.35BC

R2 and adjusted R2 scores can be used to assess model accuracy
(table 6). For this model, these values were very similar and
acceptable. This indicates that the model is capable of accurately
predicting outcomes.
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Table 2: Experimental design with factors and their responses

Run Factor1 Factor 2 Factor 3 Response 1 Response 2
A: Stirring time (h)  B: Solid lipid: liquid lipid (%w/w)  C: Surfactant concentration (%)  Yi: Particle size (nm)  Ya: DEE (%)
1. 9 1:1 1 398+0.86 51.22+1.06
2. 6 1:1 1.5 417+1.22 54.79+0.66
3. 6 1:2 2 429+0.74 69.52+1.72
4. 6 1:0.5 2 318+0.69 60.18+0.79
5. 3 1:1 1 634+0.38 46.33+1.28
6. 3 1:2 1.5 604+1.14 52.79+0.95
7. 6 1:0.5 1 445+0.57 46.96+1.46
8. 6 1:2 1 551+0.61 50.88+0.82
9. 3 1:1 2 496+1.41 55.05+0.68
10. 9 1:2 1.5 362+0.77 66.27+1.29
11. 3 1:0.5 1.5 481+0.59 48.15+0.98
12. 9 1:1 2 276+1.24 70.43+0.85
13. 9 1:0.5 1.5 228+1.44 58.64+1.42
Data is given in mean+SD, n=3.
Table 3: Response 1 ANOVA
Source Sum of squares df Mean square F-value p-value
Model 1.735E+05 3 57839.92 179.97 <0.0001 significant
A-Stirring time 1.131E+05 1 1.131E+05 351.75 <0.0001
B-Solid lipid: Liquid lipid 28084.50 1 28084.50 87.38 <0.0001
C-Surfactant concentration ~ 32385.13 1 32385.13 100.76 <0.0001
Residual 2892.56 9 321.40
Cor total 1.764E+05 12
Table 4: Fit statistics for response 1
Std. Dev. Mean C.V.% R2 Adjusted R Predicted R? Adeq precision
17.93 433.77 413 0.9836 0.9781 0.9655 36.7041
Table 5: Response 2 ANOVA
Source Sum of squares df Mean square F-value p-value
Model 810.06 6 135.01 93.55 <0.0001 significant
A-Stirring time 244.65 1 244.65 169.51 <0.0001
B-Solid lipid: Liquid lipid 81.47 1 81.47 56.45 0.0003
C-Surfactant concentration  446.86 1 446.86 309.61 <0.0001
AB 2.24 1 2.24 1.55 0.2597
AC 27.51 1 27.51 19.06 0.0047
BC 7.34 1 7.34 5.09 0.0649
Residual 8.66 6 1.44
Cor Total 818.72 12
Table 6: Fit statistics for response 2
Std. Dev. Mean C.V.% R? Adjusted R? Predicted R? Adeq precision
1.20 56.25 2.14 0.9894 0.9788 0.9524 29.5018

Adeq Precision is the model's signal-to-noise ratio, which must be more than 4 to be considered acceptable [24]. Adeq Precision for particle size and
DEE are 36.7 and 29.5, respectively. This proves the model's sufficiency for both responses.

e Variables interaction and optimization

Response surface plots are used to understand the relationship
between independent factors and responses. The perturbation and
response surface plots in fig. 1 and 2 show that when stirring
duration and surfactant concentration increased, particle size
decreased. It increased when the ratio of liquid lipid to solid lipid
increased. DEE increased as all three parameters were improved, as
shown in fig. 3 and 4.

The numerical approach produced by the Design-Expert software
was used to obtain the optimum formulation. The input parameters
were restricted to a range, whereas the particle size and DEE
desirability functions were based on the minimum and maximum

levels, respectively. The optimal HU NLCs were made with a solid
lipid to liquid lipid ratio of 1.04 %, a surfactant concentration of 2 %,
and a stirring time of 9 h. For optimal NLCs, the anticipated particle
size and DEE were 235 nm and 70.42 %, respectively. For the
optimized formulation of NLCs, the experimental particle size and
DEE values were 237 nm and 69.81 %, respectively, which were
comparable to the predicted values. As a result, the models'
reliability was confirmed.

Physicochemical characterization of optimized formulation
o Particle size, polydispersity index (PDI), and zeta potential

The average particle size of the optimized formulation was found to be
237 nm. The PDI of the optimized formulation was found to be 26.9%
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(fig. 5), which was within the acceptable range, indicating homogenous
particle size distribution. In addition, the average zeta potential of
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optimized nano-sponges was found to be-29.7 mV, which was
sufficient to keep the nano-sponges away from aggregation.
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Fig. 5: Particle size and PDI of optimized HU NLCs

Investigations were done on how stirring time, surfactant
concentration, and lipid ratio affected particle size. The optimum
batch's particle size was reported to be 237 nm. With an increase in
surfactant concentration and stirring time, the particle size gradually
reduced. NLCs prepared without any charge modifiers have been
shown to have negative =zeta potential. The drug-loaded
NLCs displayed a negative zeta potential. These NLCs had a surface
charge that was nearly-30 mV, at-29.7 mV. The ideal zeta potential
for effective nanoparticle stabilisation is considered to be-30 mV. It
has been noted that serum proteins are less likely to bind to
nanoparticles with negative surface charges, resulting in longer
circulation half-lives and decreased accumulation in the liver and
spleen [25-27].

e Morphological studies

The image of the optimized HU NLCs is shown in fig. 6. The SEM
results revealed that the HU NLCs were spherical in shape. The
nanoparticle size observed by SEM correlated well with the particle
size measured by the particle size analyzer.

e Invitro release studies

Fig. 7 shows the drug release curve for the optimized HU NLCs
(92.21% CDR up to 48 h). HU release from NLCs is biphasic, with
early burst release followed by a controlled release in the latter
hours. The initial burst release was followed by a sustained release
in these nanoparticles. The drug is likely to be responsible for the
initial in vitro burst release if it has been adsorbed on the surface of
the nanoparticle or precipitated from the lipid matrix. The drug
diffusing out of the lipid matrix is most probably the cause of the
sustained release [28].

Fig. 6: SEM image of HU NLCs

o Stability studies

Accelerated stability studies showed that HU NLCs were stable, and
the results are shown in table 7. Since the formulation remained
stable during the stability studies at room temperature and there
was no apparent change in appearance, DEE, or % CDR, the
surfactant mixture proved suitable for long-term storage. Therefore,
it can be concluded that the preparation method used here, along
with the selected ingredients, resulted in the development of NLCs
that were stable while stored. Furthermore, the high ZP values that
cause strong inter-particular repulsive forces should be what gives
the material its good stability and nanoaggregated pattern [29].
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Fig. 7: In vitro release of HU NLCs, n=3

Table 7: Stability studies

Storage conditions: 40 °C+2 °C/75%RH+5%RH

Sample type Sampling interval Appearance % DEE % CDR
HU NLCs 0d White colour 69.81+27 92.21+73
30d No change in colour 69.74+42 92.14+69
Data is given in mean+SD, n=3.
CONCLUSION 3. Jaaback K, Johnson N, Lawrie TA. Intraperitoneal
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treatment of ovarian cancer is the focus of this investigation. NLCs 12;2016(1):pub4:CD005340:CD005340. doi:

were _pr.epared using th.e mlcroemu.lsmn technique and optlmlzed 10.1002/14651858.CD005340.pub4.

for minimum particle size and maximum DEE by employing DoE. 4.  Chandra A, Pius C, Nabeel M, Nair M, Vishwanatha JK, Ahmad S.

These HU NLCs .confirmed. the sustai.ned release of tllle drug, which Ovarian cancer: current status and strategies for improving

could be essential for patient compliance and reducing the dosage therapeutic outcomes. Cancer Med. 2019 Nov;8(16):7018-31.

intervals. This approach could improve the drug's therapeutic index, doi: 10.1002/cam4.2560, PMID 31560828.

redu.ce its side effects, apd be feasible in thg effective management of 5. Pantshwa JM, Kondiah PPD, Choonara YE, Marimuthu T, Pillay

ovarian cancer. In vivo pharmacokinetic study is the future V. Nanodrug delivery systems for the treatment of ovarian

perspective of this study. cancer. Cancers (Basel). 2020 Jan 15;12(1):213. doi:

ACKNOWLEDGMENT 10.3390/cancer512010213, PMID 31952210.

6.  Napoletano C, Ruscito I, Bellati F, Zizzari IG, Rahimi H, Gasparri ML.

The authors would like to thank the Department of Science and Bevacizumab-based chemotherapy triggers immunological effects

Technology-Fund for Improvement of Science and Technology in responding to multi-treated recurrent ovarian cancer patients by

Infrastructure in Universities and Higher Educational Institutions favoring the recruitment of effector T cell subsets. ] Clin Med. 2019

(DST-FIST), New Delhi, for their infrastructure support to our Mar 18;8(3):380. doi: 10.3390/jcm8030380, PMID 30889935.

department. 7. Chishti N, Jagwani S, Dhamecha D, Jalalpure S, Dehghan MH.

Preparation, optimization, and in vivo evaluation of

FUNDING . . .

nanoparticle-based formulation for pulmonary delivery of an

No funding was received for this study. anticancer drug. Medicina (Kaunas). 2019 Jun 20;55(6):294.

doi: 10.3390/medicina55060294, PMID 31226865.

AUTHORS CONTRIBUTIONS 8. Azemati F, Jalali Kondori B, Esmaeili Gouvarchin Ghaleh H.

All the authors have equally contributed. Therapel.ltic potential of nanoparticle-loaded l.lydroxyurea. on

the proliferation of human breast adenocarcinoma cell line.

CONFLICT OF INTERESTS Iran ] Pharm Res. 2020;19(1):271-81. doi:

10.22037/ijpr.2020.1100921, PMID 32922486.

The authors declare no conflict of interest. 9. Thiele ], Kvasnicka HM, Schmitt Graeff A, Bundschuh S,

REFERENCES Biermann T, Roessler G Effects of chemotherapy (busulfan-

hydroxyurea) and interferon-alfa on bone marrow

1.  Wright AA, Cronin A, Milne DE, Bookman MA, Burger RA, Cohn morphologic features in chronic myelogenous leukemia.
DE. Use and effectiveness of intraperitoneal chemotherapy for Histochemical and morphometric study on sequential trephine
treatment of ovarian cancer. ] Clin Oncol. 2015 Sep biopsy specimens with special emphasis on dynamic features.
10;33(26):2841-7. doi: 10.1200/]JC0.2015.61.4776, PMID Am ] Clin Pathol. 2000 Jul;114(1):57-65. doi: 10.1309/XMGX-
26240233. 7HQ8-7PLU-LQ9M, PMID 10884800.

2. Tewari D, Java JJ, Salani R, Armstrong DK, Markman M, Herzog 10. Thang LQ, Hanh ND, Duong DQ. Study on cause-effect relations
T. Long-term survival advantage and prognostic factors and optimization of exemestane-loaded nanostructured lipid
associated with intraperitoneal chemotherapy treatment in carriers. Int ] Pharm Pharm Sci. 2017 May;9(5):68-74. doi:
advanced ovarian cancer: a gynecologic oncology group study. ] 10.22159/ijpps.2017v9i5.17354.

Clin Oncol. 2015 May 1;33(13):1460-6. doi: 10.1200/ 11. Hashem F, Nasr M, Ahmed Y. Preparation and evaluation of iron

JC0.2014.55.9898, PMID 25800756.

oxide nanoparticles for treatment of iron deficiency anemia. Int

142


https://doi.org/10.1200/jco.2015.61.4776�
https://www.ncbi.nlm.nih.gov/pubmed/26240233�
https://doi.org/10.1200/jco.2014.55.9898�
https://doi.org/10.1200/jco.2014.55.9898�
https://www.ncbi.nlm.nih.gov/pubmed/25800756�
https://doi.org/10.1002/14651858.CD005340.pub4�
https://doi.org/10.1002/cam4.2560�
https://www.ncbi.nlm.nih.gov/pubmed/31560828�
https://doi.org/10.3390/cancers12010213�
https://www.ncbi.nlm.nih.gov/pubmed/31952210�
https://doi.org/10.3390/jcm8030380�
https://www.ncbi.nlm.nih.gov/pubmed/30889935�
https://doi.org/10.3390/medicina55060294�
https://www.ncbi.nlm.nih.gov/pubmed/31226865�
https://doi.org/10.22037/ijpr.2020.1100921�
https://www.ncbi.nlm.nih.gov/pubmed/32922486�
https://doi.org/10.1309/xmgx-7hq8-7plu-lq9m�
https://doi.org/10.1309/xmgx-7hq8-7plu-lq9m�
https://www.ncbi.nlm.nih.gov/pubmed/10884800�
https://doi.org/10.22159/ijpps.2017v9i5.17354�

12.

13.

14.

15.

16.

17.

18.

19.

P. K. M. Rajendra et al.

J] Pharm Pharm Sci. 2018 Jan
10.22159/ijpps.2018v10i1.22686.
Beloqui A, Solinis MA, Rodriguez Gascon A, Almeida A, Preat V.
Nanostructured lipid carriers: promising drug delivery systems
for future clinics. Nanomedicine. 2016 Jan;12(1):143-61. doi:
10.1016/j.nano0.2015.09.004. PMID 26410277.

Awotwe Otoo D, Zidan AS, Rahman Z, Habib M]. Evaluation of
anticancer drug-loaded nanoparticle characteristics by
nondestructive methodologies. AAPS PharmSciTech. 2012
Jun;13(2):611-22. doi: 10.1208/s12249-012-9782-7, PMID
22535519.

Sabzichi M, Mohammadian ], Yari Khosroushahi A, Bazzaz R,
Hamishehkar H. Folate-targeted nanostructured lipid carriers
(NLCs) enhance (letrozol) efficacy in MCF-7 breast cancer cells.
Asian Pac ] Cancer Prev. 2016 Dec 1;17(12):5185-8. doi:
10.22034/APJCP.2016.17.12.5185, PMID 28124885.

Shah ], Patel S, Bhairy S, Hirlekar R. Formulation optimization,
characterization and in vitro anti-cancer activity of curcumin
loaded nanostructured lipid carriers. Int ] Curr Pharm Sci. 2022
Jan 15;14(1):31-43. doi: 10.22159/ijcpr.2022v14i1.44110.
Cirri M, Maestrini L, Maestrelli F, Mennini N, Mura P, Ghelardini
C. Design, characterization and in vivo evaluation of
nanostructured lipid carriers (NLC) as a new drug delivery
system for oral hydrochlorothiazide administration in pediatric
therapy. Drug Deliv. 2018 Nov;25(1):1910-21. doi:
10.1080/10717544.2018.1529209, PMID 30451015.

Xia D, Shrestha N, van de Streek ], Mu H, Yang M. Spray drying
of fenofibrate loaded nanostructured lipid carriers. Asian ]
Pharm Sci. 2016;11(4):507-15. doi: 10.1016/
j-ajps.2016.01.001.

Noori Siahdasht F, Farhadian N, Karimi M, Hafizi L. Enhanced
delivery of melatonin-loaded nanostructured lipid carriers
during in vitro fertilization: NLC formulation, optimization and
IVF efficacy. RSC Adv. 2020 Mar 4;10(16):9462-75. doi:
10.1039/¢9ra10867j, PMID 35497203.

Wang H, Hong W, Li X, Jin Q, Ye W, Feng Y. Optimization of
nanostructured lipid carriers of fenofibrate using a Box-
Behnken design for oral bioavailability enhancement. Curr
Drug  Deliv.  2022;19(7):773-87.  doi:  10.2174/
1567201818666210423110745, PMID 33902411.

1;10(1):142-6.  doi:

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Int ] App Pharm, Vol 14, Issue 5, 2022, 137-143

Natarajan ], Baskaran M, Humtsoe LC, Vadivelan R, Justin A.
Enhanced brain targeting efficacy of olanzapine through solid
lipid nanoparticles. Artif Cells Nanomed Biotechnol. 2017
Mar;45(2):364-71. doi: 10.3109/21691401.2016.1160402,

PMID 27002542.
Asadi A. Streptomycin-loaded PLGA-alginate nanoparticles:
preparation, characterization, and assessment. Appl

Nanosci. 2014;4(4):455-60. doi: 10.1007 /s13204-013-0219-8.
Seju U, Kumar A, Sawant KK. Development and evaluation of
olanzapine-loaded PLGA nanoparticles for nose-to-brain
delivery: in vitro and in vivo studies. Acta Biomater. 2011
Dec;7(12):4169-76. doi: 10.1016/j.actbio.2011.07.025, PMID
21839863.

Muller RH, Mader K, Gohla S. Solid lipid nanoparticles (SLN) for
controlled drug delivery-a review of state of the art. Eur |
Pharm Biopharm. 2000 Jul;50(1):161-77. doi: 10.1016/s0939-
6411(00)00087-4, PMID 10840199.

Huang W, Dou H, Wu H, Sun Z, Wang H, Huang L. Preparation and
characterization of nobiletin-loaded nanostructured lipid carriers. |
Nanomater. 2017 Jan 1;2017:1-10. doi: 10.1155/2017/2898342.
Blanco E, Shen H, Ferrari M. Principles of nanoparticle design
for overcoming biological barriers to drug delivery. Nat
Biotechnol. 2015 Sep;33(9):941-51. doi: 10.1038/nbt.3330,
PMID 26348965.

Costa P, Sousa Lobo ]JM. Modeling and comparison of
dissolution profiles. Eur ] Pharm Sci. 2001 May;13(2):123-33.
doi: 10.1016/s0928-0987(01)00095-1, PMID 11297896.
Venkateswarlu V, Manjunath K. Preparation, characterization
and in vitro release Kkinetics of clozapine solid lipid
nanoparticles. ] Control Release. 2004 Mar 24;95(3):627-38.
doi: 10.1016/j.jconrel.2004.01.005. PMID 15023472.

Ye ], Wang Q, Zhou X, Zhang N. Injectable actarit-loaded solid
lipid nanoparticles as passive targeting therapeutic agents for
rheumatoid arthritis. Int ] Pharm. 2008 Mar 20;352(1-2):273-9.
doi: 10.1016/j.ijpharm.2007.10.014. PMID 18054182.

Yazdani Ashtiani S, Ahmad Nasrollahi S, Naeimifar A, Nassiri
Kashani A, Samadi A, Yadangi S. Preparation and safety
evaluation of topical simvastatin loaded NLCs for vitiligo. Adv
Pharm Bull. 2021 Jan;11(1):104-10. doi: 10.34172/
apb.2021.011, PMID 33747857.

143


https://doi.org/10.22159/ijpps.2018v10i1.22686�
https://doi.org/10.1016/j.nano.2015.09.004�
https://www.ncbi.nlm.nih.gov/pubmed/26410277�
https://doi.org/10.1208/s12249-012-9782-7�
https://www.ncbi.nlm.nih.gov/pubmed/22535519�
https://doi.org/10.22034/apjcp.2016.17.12.5185�
https://www.ncbi.nlm.nih.gov/pubmed/28124885�
https://doi.org/10.22159/ijcpr.2022v14i1.44110�
https://doi.org/10.1080/10717544.2018.1529209�
https://www.ncbi.nlm.nih.gov/pubmed/30451015�
https://doi.org/10.1016/j.ajps.2016.01.001�
https://doi.org/10.1016/j.ajps.2016.01.001�
https://doi.org/10.1039/c9ra10867j�
https://www.ncbi.nlm.nih.gov/pubmed/35497203�
https://doi.org/10.2174/1567201818666210423110745�
https://doi.org/10.2174/1567201818666210423110745�
https://www.ncbi.nlm.nih.gov/pubmed/33902411�
https://doi.org/10.3109/21691401.2016.1160402�
https://www.ncbi.nlm.nih.gov/pubmed/27002542�
https://doi.org/10.1007/s13204-013-0219-8�
https://doi.org/10.1016/j.actbio.2011.07.025�
https://www.ncbi.nlm.nih.gov/pubmed/21839863�
https://doi.org/10.1016/s0939-6411(00)00087-4�
https://doi.org/10.1016/s0939-6411(00)00087-4�
https://www.ncbi.nlm.nih.gov/pubmed/10840199�
https://doi.org/10.1155/2017/2898342�
https://doi.org/10.1038/nbt.3330�
https://www.ncbi.nlm.nih.gov/pubmed/26348965�
https://doi.org/10.1016/s0928-0987(01)00095-1�
https://www.ncbi.nlm.nih.gov/pubmed/11297896�
https://doi.org/10.1016/j.jconrel.2004.01.005�
https://www.ncbi.nlm.nih.gov/pubmed/15023472�
https://doi.org/10.1016/j.ijpharm.2007.10.014�
https://www.ncbi.nlm.nih.gov/pubmed/18054182�
https://doi.org/10.34172/apb.2021.011�
https://doi.org/10.34172/apb.2021.011�
https://www.ncbi.nlm.nih.gov/pubmed/33747857�

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENT
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES

