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ABSTRACT

The pharmaceutical industry focuses the SLNs as promising drug deliverance methods for improving bioavailability. SLNs
are a swiftly budding field of nanotechnology amid plentiful budding applications in medicine and research. Lipid-based
nanoparticles possess unique properties due to their small size, allowing novel therapeutics to be developed. The encapsulation
of drugs within nano-carriers presents a new paradigm in drug delivery, enabling enhanced targeting at secondary and tertiary
levels. Consequently, SLNs have garnered significant attention from researchers for their site-specific drug delivery. This
review enlightens on the responsibilities of SLN for improving the pharmacokinetics of poorly soluble antihypertensive
drugs. Profound investigations confirmed SLNs have latent to transfigure antihypertensives through enhanced oral delivery.
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INTRODUCTION

Hypertension- a chronic medical circumstance characterized
by elevated BP persistently above the customary range. It is a
significant universal well-being alarm with a major risk factor for
cardiovascular diseases. It affects millions of people worldwide
and substantially impacts fatality, illness, and healthcare costs.!

According to the WHO, hypertension is estimated to
impinge on more than 1.13 billion individuals globally,
accounting for approximately 20% of deaths worldwide. This
number is projected to continue due to numerous factors,
including aging, sedentary lifestyles, unhealthy diets, and
increasing pervasiveness of obesity.

The global burden of hypertension is distributed unevenly
across different regions and countries. While it is prevalent
in urbanized and budding nations, stumpy and middle-
income countries bear a bigger saddle due to limited access
to healthcare possessions and inadequate control measures.
Additionally, hypertension often remains undiagnosed or
inadequately managed, foremost to stern complications and
unpleasant health outcomes.?

Efforts to address hypertension globally involve
implementing preventive measures, promoting lifestyle
modifications, and providing effective treatment options.
Antihypertensive are crucial in controlling BP and tumbling
the jeopardy of complications. Conversely, the efficacy of these
drugs can be hindered by their stumpy solubility, deprived
stability, and partial bioavailability.*

As a result, there is a necessary for modern remedy
delivery systems that can augment the bioavailability of
antihypertensive agents, improving their curative conclusion.
Solid lipid nanoparticles (SLNs) have come into sight as
promising carriers for drug delivery, offering rewards like
augmented solubility, shielding from degradation, sustained
discharge, and targeted delivery.’

SLNs have materialized as hopeful nanotechnology-based
drug delivery systems with ample applications. These lipid-
based nanoparticles offer unique advantages like improved
drug solubility, enhanced stability, controlled release, and
prospective for targeted delivery. SLNs achieved noteworthy
consideration by their adaptability, biocompatibility, and
capability to encapsulate moieties, including weakly soluble
compounds. SLNs are a type of colloidal carrier ranging in
flanked by 10 and 1000 nm and categorized as nanoparticles
(Figure 1).5°1°

Rationale for Using Nano-Carriers

The use of nano-carriers offers several rationales and
advantages for delivering therapeutic agents effectively. Here
are some key rationales for using nano-carriers:

* Enhanced Drug Stability: Nano-carriers provide protection
to encapsulated drugs, shielding them from degradation
and enzymatic metabolism, thereby enhancing drug
stability during storage and administration.'®

* Improved Solubility and Bioavailability: Nano-carriers can
augment the solubility of weakly soluble drugs, foremost
to enhanced dissolution and absorption. This, in turn,
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Figure 1: Reasons for poor bioavailability of oral antihypertensive
drugs
boosts bioavailability and therapeutic efficacy.!”

* Nano-carriers can be engineered to make available
controlled & sustained drug release profiles, allowing
for extended drug action, reduced dosing frequency, and
improved patient compliance.'®

»  Targeted Drug Delivery: Nano-carriers functionalized by
ligands or surface modifications to enable targeted drug
delivery to specific cells, tissues, or organs. This targeted
approach increases drug concentration at the desired
spot, minimizing off-target consequences and enhancing
therapeutic product.'’

*  Protection from Clearance and Elimination: Nano-
carriers can shield drugs from rapid clearance from the
reticuloendothelial system and extend circulation time,
increasing drug revelation and budding effectiveness.?’

Solid Lipid Nanoparticles (SLN)

SLNs are a colloidal carter process amid particle sizes
ranging 10-1000 nm. Over time, SLNs materialized as a
versatile proxy to liposomes for drug delivery rationale. The
victorious utilization hinges on their capability to pierce
diverse anatomical blockades, achieve controlled release of
their cargo, and ensure safety at the nanoscale. However, the
limited availability of approved and cost-effective polymers
has hindered the widespread adoption of nanoparticles in
clinical medicine.?'*

Advantages of SLN in the Pharmaceutical Industry

These lipid-based vesicles have gained noteworthy consideration
for drug delivery because of their inimitable properties and
impending profit. Here are some advantages:

* Biocompatibility and Safety: Liposomes are compiled of
biocompatible lipids that are well-tolerated and secure for
use. They are generally non-toxic, non-immunogenic, and
biodegradable, minimizing the risk of adverse effects.?*

* Drug Encapsulation: Liposomes provide a suitable
environment for encapsulating various drugs, including
hydrophilic and hydrophobic compounds. This versatility
allows the liberation of diverse therapeutic agents,
improving stability and solubility.?®

e Targeted Drug Delivery: Liposomes tailored amid
ligands or antibodies to pull off targeted drug liberation.

These facade adjustments facilitate specific recognition
and binding to target cells or tissues, enhancing drug
concentration at the longing site with plummeting off-
target effects.?

e Controlled Drug Release: Liposomes engineered to
proffer controlled drug release silhouette. By varying the
lipid composition or incorporating specialized delivery
systems, like pH-sensitive or temperature-sensitive
liposome’s discharge of drugs can be correctly regulated.?’

e Protection and Stability: Liposomes offer protection to
encapsulated drugs, shielding them from degradation
by enzymes or harsh environmental conditions. This
protection enhances the stability of sensitive drugs,
allowing for improved storage and extended shelf life.?

Disadvantages of Liposomes in the Pharmaceutical
Industry

While liposomes offer various advantages as drug delivery

systems, they also have some limitations and disadvantages

that need to be considered in the pharmaceutical industry. Here
are some disadvantages of liposomes:

e Physical and Chemical Stability: Liposomes can undergo
physical changes amid aggregation, blend, and seepage
of encapsulated drugs, leading to reduced stability and
compromised drug efficacy over time.?’

e Size and Polydispersity: Liposomes often exhibit a
broad size distribution, with a range of vesicle sizes. This
polydispersity can affect their biodistribution, targeting
efficiency, and therapeutic outcomes.*°

e Limited Drug Loading Capacity: Liposomes have limited
remedy loading competence, especially for hydrophilic
drugs, due to their hydrophobic lipid bilayer structure.
This can result in lower drug encapsulation efficiency and
require higher doses for therapeutic efficacy.!

*  Manufacturing Complexity and Cost: The production
of liposomes can be technically demanding and require
specialized equipment, making the manufacturing process
more complex and costly compared to conventional drug
formulations.*?

e Batch-to-Batch Variability: Liposome formulations
can exhibit this in terms of size, stability, and drug
encapsulation efficiency. This variability can impact
the reproducibility and consistency of drug delivery,
necessitating rigorous quality control measures.**

Methods of Preparation for SLNS

SLNs can be prepared using assorted techniques to accomplish

diverse particle sizes, drug encapsulation efficiencies, plus

release profiles. Here are some commonly employed methods -

* High-Pressure Homogenization (HPH): It is a customary
format for SLN preparation. Here, the lipid phase is
melted and homogenized under high pressure with an
aqueous phase containing a surfactant. The resulting
coarse emulsion is then processed through multiple cycles
of forceful homogenization to condense the particle size
and acquire SLNs.>*
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e Ultrasonication: It involves the application of high-
frequency ultrasound waves to disperse the lipid phase
in an aqueous medium having surfactant—the energy
generated by ultrasound shaping of tiny lipid droplets,
which congeal into SLNs upon cooling.

*  Microemulsion Templating: It employs an impulsive
arrangement of a microemulsion system comprising a
lipid phase, surfactants, and co-surfactants. SLNs form by
dispersing the microemulsion in a nonsolvent or altering
the temperature to tempt lipid precipitation.*®

* Solvent Evaporation/Emulsion-Solvent Evaporation:
Lipid liquefied in organic solvent. The organic phase is
emulsified by an aqueous phase containing a preservative.
Succeeding vanishing of the organic solvent upshot in the
building of SLNs.*’

* Hot Homogenization: It involves the scattering of the
lipid and drug (if present) in a molten state in an aqueous
surfactant. The mixture is then homogenized under high
shear to ease the particle size, followed by chilling to
solidify the SLNs.*®

SIn of Antihypertensive Drugs

e Suresh, PK., et al. explored the prospective of SLNs in
improving the bioavailability and therapeutic outcome
of antihypertensive. It tinted the reward of SLNs, like
enhanced drug constancy and controlled release, in the
context of antihypertensive therapy.®

* Mendoza-Mufioz N ef al. focused on and discussed the
various formulation strategies employed, including
lipid selection, surfactant incorporation, and surface
modification, to augment the oral bioavailability and
therapeutic worth.*’

* Shidhaye SS ef al. gave a comprehensive review
highlighting the potential of SLNs as effective carriers
for managing hypertension. It discussed the formulation
approaches and characterization techniques in advancing
SLN-based antihypertensive DDS.*!

¢ Khurana, R.K. et al. endow with an overview of the
application of SLNs in delivering antihypertensive drugs.
It discussed the benefits of SLNs in controlled drug
release, improved drug stability, and targeted delivery,
emphasizing their latent as an effectual delivery system
for antihypertensive therapy.*?

e Mishra V. et al. covered various aspects of SAN as an
emerging drug delivery system. They discussed the
formulation techniques, characterization methods, and
potential applications of SLNs, including their use in
delivering antihypertensive drugs.*

* Suvarna G. et al. (2015) explained the enhancement of
oral bioavailability of rosuvastatin calcium (RC) with low
bioavailability. SLNs were developed and characterized
for zeta potential, entrapment efficiency, and drug content
and size.** NLCs of ND were developed using sizzling
homogenization-ultrasonication with oleic acid and
trimyristate as liquid and solid lipids, respectively. They

exhibited prolonged drug release and absorption compared
to SLNs and a suspension.*

* The oral bioavailability of candesartan cilexetil (CC)
increased by SLNs loaded with CC developed using
various lipid components and surfactants. They exhibited
improved physical stability and sustained release.***®

+  Veerabrahma er al.*’ developed SLN (LD-SLNs) loaded
with lacidipine (LD) to enhance its oral bioavailability. He
utilized a two-step method involving hot homogenization
and ultrasonication to prepare LD-loaded solid lipid
nanoparticles (LD-SLNs). The findings suggested that
LD-SLNs can serve as an effective lipid-based carrier
system for enhancing the oral bioavailability of LD.

* To enhance the oral bioavailability of the highly
lipophilic antihypertensive drug nimodipine (NMD),
Chalikwar et al.>® developed nimodipine-loaded solid
lipid nanoparticles (NMDSLNSs) using factorial design.
Here, the SLN delivery system was employed to enhance
the oral bioavailability of olmesartan medoxomil (OM).

+ Nooli et al”' observed a 2.32-fold increase in the oral
bioavailability of OM in male Sprague Dawley rats
compared to the plain drug solution. Veerabrahma et al.>?
reported a 7.21-fold improvement compared to OM coarse
suspension and a 3.52-fold improvement compared to the
nano-suspension formulation. Pandya e al.>* examined
OM-SLNs and demonstrated a 2.3-fold enhancement in
oral bioavailability match up to the existing one.

+ Havanoor et al’* and Thirupathi et al.>> developed
isradipine-loaded solid lipid nanoparticles (SLNs) and
observed a noteworthy decline in signify systolic BP for
12 hours. These studies emphasize the budding of SLNs
as long-circulating nano-carriers, offering improved oral
bioavailability and prolonged drug residence time.

CONCLUSION

The utility of SLNs as drug delivery systems holds immense

latent for enhancing the bioavailability and curative worth

of antihypertensive agents. Through various formulation
strategies, SLNs offer numerous recompenses like enhanced
drug stability, controlled release, and targeted delivery.

The comprehensive review of literature on SLNs for

antihypertensive drug delivery has shed light on the following

key conclusions:

* Enhanced Bioavailability: SLNs have confirmed the
skill to pick up the bioavailability of poorly soluble
antihypertensive drugs. Encapsulation of drugs within
SLNs enhances their solubility, thereby facilitating their
absorption and increasing systemic exposure.

e Controlled Drug Release: SLNs provide controlled
and sustained drug release, ensuring a prolonged
therapeutic effect. By modifying the lipid composition or
incorporating specialized delivery systems, the release
profile of antihypertensive agents can be tailored to
achieve optimal therapeutic outcomes.

e Targeted Delivery: SLNs can be surface-amended with
ligands or antibodies to facilitate targeted delivery to
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specific sites. This enables increased drug concentration
at the desired location, reducing off-target effects and
enhancing therapeutic efficacy.

e Improved Drug Stability: SLNs protect encapsulated
antihypertensive drugs from degradation, offering
improved stability and prolonged shelf life. This is
particularly important for drugs with limited stability or
sensitivity to environmental factors.

* Potential for Combination Therapy: SLNs permit for the
co-delivery of manifold antihypertensive or combinations,
enabling synergistic curative effects and simplified
treatment regimens. This opens avenues for personalized
medicine and improved patient compliance.

FUTURE PERSPECTIVES

* Optimization of Formulation Parameters: Auxiliary
investigation is required to optimize various formulation
parameters such as lipid composition, surfactant selection,
and particle dimension to enhance drug loading efficiency
and improve therapeutic outcomes.

e Advanced Characterization Techniques: Developing
advanced characterization techniques will offer deeper
insights into the physicochemical properties of SLNs
and their role in drug discharge and steadiness. This
knowledge will aid in the design of more efficient SLN
formulations.

* Combination with Targeting Strategies: Combining
SLNs with targeting strategies, such as ligand conjugation
or stimuli-responsive systems, can further enhance
the site-specific delivery of antihypertensive drugs,
maximizing therapeutic potential while curtailing ADR.

e In-vitro and In-vivo Evaluation: For safety, efficiency, and
pharmacokinetic profiles of SLN-based antihypertensive
drug delivery systems. This will contribute to a healthier
understanding of the therapeutic prospective and conduct
clinical translation.

* Clinical Translation and Commercialization: The
successful clinical translation and commercialization
of SLN-based antihypertensive drug delivery systems
require rigorous evaluation of their safety, efficacy, and
cost-effectiveness. Collaborations between academia,
industry, and regulatory bodies are crucial to surmount
related to large-scale creation and regulatory compliance.

In summary, the comprehensive review highlights the
significant likelihood of solid lipid nanoparticles for enhancing
antihypertensive agents’ bioavailability and therapeutic
effectiveness. Continued investigation and improvement
efforts in this pasture grasp undertake advancement of
antihypertensive therapy, ultimately benefiting patients with
hypertension worldwide.

REFERENCES

1. World Health Organization. Hypertension. Available online:
https://www.who.int/news-room/fact-sheets/detail/hypertension
(accessed on 29 June 2023).

2.

10.

11.

12.

13.

14.

16.

Forouzanfar MH, Liu P, Roth GA. Global Burden of Hypertension
and Systolic Blood Pressure of at Least 110 to 115 mm Hg, 1990-
2015. JAMA 2017;317(2):165-182.

He J, Gu D, Wu X, et al. Major causes of death among men
and women in China. N Engl J Med 2005; 353(11):1124-1134.
doi:10.1056/NEJMsa050467

Banegas JR, Lopez-Garcia E, Dallongeville J, Guallar E, Halcox
JP, Borghi C, Mass6-Gonzalez EL, Jiménez FJ, Perk J, Steg PG,
De Backer G, Rodriguez-Artalejo F. Achievement of treatment
goals for primary prevention of cardiovascular disease in clinical
practice across Europe: the EURIKA study. European Heart
Journal 2011; 32(17):2143-52

Miller RH, Radtke M, Wissing SA. Solid lipid nanoparticles
(SLN) and nanostructured lipid carriers (NLC) in cosmetic and
dermatological preparations. Advance Drug Delivery Reviews
2002;1;54 Suppl 1:S131-55. doi: 10.1016/s0169-409x(02)00118-7.
Miiller RH, Méder K, Gohla S. Solid lipid nanoparticles (SLN)
for controlled drug delivery - a review of the state of the art. The
European Journal of Pharmaceutics and Biopharmaceutics 2000;
50(1):161-77. doi: 10.1016/s0939-6411(00)00087-4. PMID: 10840199.
Silva AC, Amaral MH, Gonzalez-Mira E, Santos D, Ferreira
D. Solid lipid nanoparticles (SLN)--based hydrogels as
potential carriers for oral transmucosal delivery of risperidone:
preparation and characterization studies. Colloids and
Surfaces B: Biointerfaces 2012 ; 1;93:241-8. doi: 10.1016/j.
colsurfb.2012.01.014. Epub 2012 Jan 21. PMID: 22293602.
Bunjes H. Lipid nanoparticles for the delivery of poorly water-soluble
drugs. Journal of Pharmacy and Pharmacology 2010;62(11):1637-45.
doi: 10.1111/j.2042-7158.2010.01024.x. PMID: 21039547.

Uner M, Yener G. Importance of solid lipid nanoparticles
(SLN) in various administration routes and future perspectives.
International Journal of Nanomedicine. 2007; 2(3):289-300.
Rajpoot K. Solid Lipid Nanoparticles: A Promising
Nanomaterial in Drug Delivery. Current pharmaceutical design
2019;25(37):3943-3959.

Mukherjee S, Ray S, Thakur RS. Solid lipid nanoparticles: a
modern formulation approach in drug delivery system. Indian
Journal of Pharmaceutical Sciences 2009;71(4):349-58. doi:
10.4103/0250-474X.57282. PMID: 20502539;

Miiller RH, Radtke M, Wissing SA. Solid lipid nanoparticles
(SLN) and nanostructured lipid carriers (NLC) in cosmetic and
dermatological preparations. Adv Drug Deliv Rev. 2002;1;54 Suppl
1:S131-55. doi: 10.1016/50169-409x(02)00118-7. PMID: 12460720.
Luo Y, Teng Z, Li Y, Wang Q. Solid lipid nanoparticles for oral
drug delivery: chitosan coating improves stability, controlled
delivery, mucoadhesion and cellular uptake. Carbohydrate
Polymers. 2015; 20:221-9. doi: 10.1016/j.carbpol.2014.12.084.
Sanna V, Gavini E, Cossu M, Rassu G, Giunchedi P. Solid
lipid nanoparticles (SLN) as carriers for the topical delivery of
econazole nitrate: in-vitro characterization, ex-vivo and in-vivo
studies. Journal of Pharmacy and Pharmacology 2007;59(8):1057-
64. doi: 10.1211/jpp.59.8.0002. PMID: 17725847.

. Sarmento B, Martins S, Ferreira D, Souto EB. Oral insulin

delivery by means of solid lipid nanoparticles. International
Journal of Nanomedicine 2007; 2(4):743-9. PMID: 18203440;
PMCID: PMC2676823.

Crintea A, Dutu AG, Sovrea A, Constantin AM, Samasca G,
Masalar AL, Ifju B, Linga E, Neamti L, Tranca RA, Fekete Z,
Silaghi CN, Craciun AM. Nano-carriers for Drug Delivery: An
Overview with Emphasis on Vitamin D and K Transportation.

1JDDT, Volume 13 Issue 3, July - September 2023

Page 1062



SLN: Drug Delivery for Enhancing the Bioavailability of Antihypertensives

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

Nanomaterials (Basel). 2022; 12(8):1376. doi: 10.3390/
nanol2081376. PMID: 35458084; PMCID: PM(C9024560.
Rawat M, Singh D, Saraf S, Saraf S. Nano-carriers: promising
vehicle for bioactive drugs. Biol Pharm Bull. 2006; 29(9):1790-8.
doi: 10.1248/bpb.29.1790. PMID: 16946487.

Xia W, Tao Z, Zhu B, Zhang W, Liu C, Chen S, Song M. Targeted
Delivery of Drugs and Genes Using Polymer Nano-carriers for
Cancer Therapy. International Journal of Molecular Sciences.
2021;22(17):9118. doi: 10.3390/ijms22179118. PMID: 34502028,
PMCID: PMC8431379.

Torchilin VP. Targeted Pharmaceutical Nano-carriers for Cancer
Therapy and Imaging. AAPS 2007; 9(2), E128-E147.

Owens DE 3rd, Peppas NA. Opsonization, biodistribution, and
pharmacokinetics of polymeric nanoparticles. International
Journal of pharmacy 2006; 3;307(1):93-102. doi: 10.1016/].
ijpharm.2005.10.010. Epub 2005 Nov 21. PMID: 16303268.

zur Mithlen A, Schwarz C, Mehnert W. Solid lipid nanoparticles
(SLN) for controlled drug delivery--drug release and release
mechanism. European Journal of Pharmaceutics and
Biopharmaceutics. 1998;45(2):149-55. doi: 10.1016/s0939-
6411(97)00150-1. PMID: 9704911.

Alsaad, Ahmed & Hussien, Ahmed & Ghareeb, Mowafaq. Solid
Lipid Nanoparticles (SLN) as a Novel Drug Delivery System: A
Theoretical Review. Systematic Reviews in Pharmacy 2020;11(5).
259-273. 10.31838/srp.2020.5.39.

Jumaa M, Miiller BW. Lipid emulsions as a novel system to reduce
the hemolytic activity of lytic agents: mechanism of the protective
effect. European Journal of Pharmaceutical Sciences 2000;9(3):285-
90. doi: 10.1016/s0928-0987(99)00071-8. PMID: 10594386.
Torchilin VP. Recent advances with liposomes as pharmaceutical
carriers. National review Drug Discovery 2005;4(2):145-60. doi:
10.1038/nrd1632. PMID: 15688077.

Barenholz, Y. Liposome Application: Problems and Prospects.
Current Opinion on Colloid Interface Science 2001, 6(1): 66-77.
Allen TM, Cullis PR. Drug delivery systems: entering the
mainstream. Science. 2004;303(5665):1818-22. doi: 10.1126/
science.1095833. PMID: 15031496.

Bharti C, Nagaich U, Pal AK, Gulati N. Mesoporous silica
nanoparticles in target drug delivery system: A review.
International Journal of Pharmaceutical Investigation
2015;5(3):124-33. doi: 10.4103/2230-973X.160844. PMID:
26258053; PMCID: PMC4522861.

Sercombe L, Veerati T, Moheimani F, Wu SY, Sood AK,
Hua S. Advances and Challenges of Liposome Assisted Drug
Delivery. Frontiers in Pharmacolology 2015;6:286. doi: 10.3389/
fphar.2015.00286. PMID: 26648870; PMCID: PMC4664963.
Bangham AD, Standish MM, Watkins JC. Diffusion of univalent
ions across the lamellae of swollen phospholipids. Journal
of molecular biology 1965;13(1):238-52. doi: 10.1016/s0022-
2836(65)80093-6. PMID: 5859039.

Mui B, Chow L, Hope MJ. Extrusion technique to generate
liposomes of defined size. Methods. Enzymology 2003;367:3-14.
doi: 10.1016/S0076-6879(03)67001-1. PMID: 14611054.

. Johnsson M, Edwards K. Liposomes, disks, and spherical

micelles: aggregate structure in mixtures of gel phase
phosphatidylcholines and poly(ethylene glycol)-phospholipids.
Biophysics Journal 2003;85(6):3839-47. doi: 10.1016/S0006-
3495(03)74798-5. PMID: 14645073; PMCID: PMC1303685.

Barenholz Y. Doxil®--the first FDA-approved nano-drug: lessons
learned. Journal of Controlled Release 2012;160(2):117-34. doi:
10.1016/j.jconrel.2012.03.020. Epub 2012 Mar 29. PMID: 22484195.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Radovic-Moreno AF, Lu TK, Puscasu VA, Yoon CJ, Langer R,
Farokhzad OC. Surface charge-switching polymeric nanoparticles
for bacterial cell wall-targeted delivery of antibiotics. ACS
Nanotechnology 2012;6(5):4279-87. doi: 10.1021/nn3008383.
Miiller RH, Méder K, Gohla S. Solid lipid nanoparticles (SLN) for
controlled drug delivery - a review of the state of the art. European
Journal of Pharmaceutics and Biopharmaceutics. 2000;50(1):161-
77. doi: 10.1016/s0939-6411(00)00087-4. PMID: 10840199.
Urban-Morlan Z, Ganem-Rondero A, Melgoza-Contreras LM,
Escobar-Chavez JJ, Nava-Arzaluz MG, Quintanar-Guerrero D.
Preparation and characterization of solid lipid nanoparticles
containing cyclosporine by the emulsification-diffusion method.
International Journal of Nanomedicine 2010;5:611-20. doi:
10.2147/1JN.S12125. PMID: 20856836; PMCID: PMC2939706.
MeiZ, Chen H, Weng T, Yang Y, Yang X. Solid lipid nanoparticle
and microemulsion for topical delivery of triptolide. European
Journal of Pharmaceutics and Biopharmaceutics. 2003;56(2):189-
96. doi: 10.1016/s0939-6411(03)00067-5.

Mandal B, Bhattacharjee H, Mittal N, Sah H, Balabathula P,
Thoma LA, Wood GC. Core-shell-type lipid-polymer hybrid
nanoparticles as a drug delivery platform. Nanomedicine.
2013;9(4):474-91. doi: 10.1016/j.nano.2012.11.010.

Sarmento B, Martins S, Ferreira D, Souto EB. Oral insulin
delivery by means of solid lipid nanoparticles. International
Journal of Nanomedicine. 2007;2(4):743-9. PMID: 18203440;
PMCID: PMC2676823.

Suresh PK. Solid lipid nanoparticles as carriers for enhanced
pharmacokinetic and pharmacodynamic activity of
antihypertensive drugs. European Journal of Pharmaceutics
and Biopharmaceutics 2019; 144: 122-132.

Mendoza-Mufioz N, Urban-Morlan Z, Leyva-Gomez G,
Zambrano-Zaragoza ML, Pifion-Segundo E, Quintanar-Guerrero
D. Solid Lipid Nanoparticles: An Approach to Improve Oral Drug
Delivery. Journal of Pharmaceutical Sciences 2021;24:509-532.
doi: 10.18433/jpps31788. PMID: 34644523.

Shidhaye SS, Vaidya R, Sutar S, Patwardhan A, Kadam VI.
Solid lipid nanoparticles and nanostructured lipid carriers--
innovative generations of solid lipid carriers. Current Drug
Delivery 2008;5(4):324-31. doi: 10.2174/156720108785915087.
PMID: 18855604.

Khurana RK. Solid lipid nanoparticles as a potential delivery
system for antihypertensive drugs: A comprehensive review.
Journal of Liposome Research 2016; 26(1): 6-14.

Mishra V, Bansal KK, Verma A, Yadav N, Thakur S, Sudhakar
K, Rosenholm JM. Solid Lipid Nanoparticles: Emerging
Colloidal Nano Drug Delivery Systems. Pharmaceutics. 2018
Oct 18;10(4):191. doi: 10.3390/pharmaceutics10040191. PMID:
30340327; PMCID: PMC6321253.

Suvarna G, Kishan V. Preparation, characterization and in
vivo evaluation of rosuvastatin calcium loaded solid lipid
nanoparticles. International Journal of Pharmaceutical Sciences.
Nanotechnology 2015; 9, 2779- 2785.

Dudhipala N, Janga KY, Gorre T. Comparative study of
nisoldipine-loaded nanostructured lipid carriers and solid lipid
nanoparticles for oral delivery: preparation, characterization,
permeation and pharmacokinetic evaluation. Artificial Cells
Nanomedicine Biotechnology 2018;46(sup2):616-625
Dudhipala N, Veerabrahma K. Candesartan cilexetil loaded
solid lipid nanoparticles for oral delivery: characterization,
pharmacokinetic and pharmacodynamic evaluation. Drug
delivery 2016; 23(2), 395-404.

Zhang Z, Gao F, Bu H, Xiao J, Li Y. Solid lipid nanoparticles

1JDDT, Volume 13 Issue 3, July - September 2023

Page 1063



SLN: Drug Delivery for Enhancing the Bioavailability of Antihypertensives

48.

49.

50.

51

loading candesartan cilexetil enhance oral bioavailability: in vitro
characteristics and absorption mechanism in rats. Nanomedicine
2012;8(5):740-7. doi: 10.1016/j.nano.2011.08.016. Epub 2011 Sep
17. PMID: 21930110.

Gondrala UK, Dudhipala N, & Kishan V. Preparation,
Characterization and in vivo Evaluation of Felodipine Solid-Lipid
Nanoparticles for Improved Oral Bioavailability. Measurement,
2015; 10(10).

Veerabrahma, Kishan & V, Sandeep & Dudhipala, Narendar &
Arjun, Nagarjuna. Lacidipine Loaded Solid Lipid Nanoparticles
for Oral Delivery: Preparation, Characterization and In vivo
Evaluation. International Journal of Pharmaceutical Sciences and
Nanotechnology 2016; 9:3524-3530. 10.37285/ijpsn.2016.9.6.2.
Chalikwar SS, Belgamwar VS, Talele VR, Surana SJ, Patil
MU. Formulation and evaluation of Nimodipine-loaded solid
lipid nanoparticles delivered via lymphatic transport system.
Colloids Surface B Biointerfaces 2012;97:109-16. doi: 10.1016/j.
colsurfb.2012.04.027. Epub 2012 Apr 25. PMID: 22609590.
Nooli M, Chella N, Kulhari H, Shastri NR, Sistla R. Solid
lipid nanoparticles as vesicles for oral delivery of olmesartan
medoxomil: formulation, optimization and in vivo evaluation. Drug

52.

53.

54.

55.

Development and Industrial Pharmacy 2017;43(4):611-617. doi:
10.1080/03639045.2016.1275666. Epub 2017 Jan 8. PMID: 28005442.
B A, D N, Veerabrahma K. Development of olmesartan
medoxomil lipid-based nanoparticles and nanosuspension:
preparation, characterization and comparative pharmacokinetic
evaluation. Artificial Cells, Nanomedicine and Biotechnology
2018;46(1):126-137. doi: 10.1080/21691401.2017.1299160. Epub
2017 Mar 14. PMID: 28290712.

Pandya NT, Jani P, Vanza J, Tandel H. Solid lipid nanoparticles
as an efficient drug delivery system of olmesartan medoxomil
for the treatment of hypertension. Colloids Surf B Biointerfaces
2018;165:37-44. doi: 10.1016/j.colsurfb.2018.02.011. Epub 2018
Feb 9. PMID: 29453084.

Nandgude TD, Parakhe PS, Patole VC. Solid Lipid Nanoparticle-
based Gel to Enhance Topical Delivery for Acne Treatment.
International Journal of Drug Delivery Technology.
2023;13(2):474-482..

Thirupathi G, Swetha E, Narendar D. Role of Isradipine Loaded
Solid Lipid Nanoparticles on the Pharmacodynamic Effect in
Rats. Drug Res (Stuttg). 2017;67(3):163-169. doi: 10.1055/5-0042-
119947. Epub 2016 Dec 19. PMID: 27992936.

1JDDT, Volume 13 Issue 3, July - September 2023

Page 1064



