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Abstract: It has become an industry consensus to take the concept of quality by design (QbD) as the basic
principle of drug development design. On the basis of reviewing the design steps of pharmaceutical QbD, this
paper deeply discusses the application of QbD in the development of lipid-based cubic liquid crystalline, and
analyzes in detail the QbD elements in the design of lipid-based cubic liquid crystalline, such as quality target
product profile, critical material attributes, risk assessment and factor screening, critical material attributes, critical
process parameters, experimental design, design space and control strategy, efc. The purpose of this study is to
deeply explore the integration and application of QbD concepts and provides a reference for the development of
lipid-based cubic liquid crystalline preparations.
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Figure 1

Implementation process and common tools of quality by design (QbD). QTPP: Quality target product profile; CQAs: Critical

quality attributes; DOE: Design of experiments; CMAs: Critical material attributes; CPPs: Critical process parameters; DSp: Design space;

RRMA: Relative risk-based matrix assessment; RTRT: Real-time release testing
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Lipid-based cubic liquid crystalline quality target product profiles (QTPPs). ‘For topical gels of lipid-based cubic liquid

QTPP element Target Justification Ref.
Dosage form/ Liquid crystal nanoparticles/cubosome Enhance the bioavailability/therapeutic efficacy/stability/ [21-40]
delivery system dispersion loaded gel/lipid crystalline permeability/release profile of the therapeutic agent (depends on

nanoparticles-based dry powder the active pharmaceutical ingredient and the route of administration)
Route of Oral/non-gastrointestinal administration Easy to use/local action/prevent adverse effects (based on the active  [22-42]
administration (ocular, nasal, pulmonary, periodontal, pharmaceutical ingredient, and therapeutic target)
vaginal, injection, topical)
Dose strength X% (w/w) The dose should be within the therapeutic range and below the [19]
maximum safe concentration to avoid any side effects
Crystalline shape Lamellar/cubic/hexagonal Cubosome and hexagonal phases: Highly ordered structure, slow [10]
release matrix; lamellar phase: Enhance spread ability of topical
formulations
Appearance” Smooth textured gel/colloid/emulsion Promote patient compliance [32,35,38]
Odor No unpleasant odor Promote patient compliance [32,43]
Method of Once or twice daily application Achieve the expected therapeutic effect [43]
administration
Dosage design/drug  Controlled-release formulations provide Rate of dissolution affects the drug release, absorption and [44]
release sustained drug delivery in comparison to the permeation of the drug; reducing the frequency of application
immediate release of free non-encapsulated
Method of Top-down method/bottom-up method Affects the particle size [45]
preparation
Particle size Uniform/< 300 nm Substantially influences absorption and permeation [46]
PDI Uniform/< 0.3 Affects the homogeneity of the formulation uneven drug loading [47]
can cause fluctuation and irregularity of drug release
Zeta potential Absolute = 20 mV Affect the physical stability and prevents formation of aggregates [47]
Entrapment/ Maximum/high Affects the retention, permeation flux, therapeutic efficacy and the [48,49]
encapsulation drug release
efficiency
Viscosity” Optimum (1 000-50 000 mPa-s) Directly influence drug diffusion rate at the microstructure level [35,50]
Contact angle” 0° Affects spread ability of the gel [35,50]
Rheological Yield stress (optimum) Affects performance of the product [50]
properties”
LogP of drug Optimum Consideration should be given when preparing topical formulations [51]
pH Well-matched with formulation (for iv: 3-8, Affects stability of the formulation, drug release, drug loading, and [10,52]
topical: 4.2-5.6) permeation
Pharmacokinetics Improved absorption, bioavailability, and Necessary to achieve the desired therapeutic effect [10,53]
pharmacokinetic parameters compared to
the free drug and/or targeting
Water content Optimum Affects stability of the formulation [54]
Impurities Comply with the requirements of the Affects stability of the formulation [54]
Chinese Pharmacopoeia
Microbial content Comply with the requirements of the Affects stability of the formulation [54]
Chinese Pharmacopoeia
Ease of storage and  Store at temperature below 25 °C/do not Depends on the excipients and the form of formulation (powder or [27,28]
distribution freeze gel) to maintain stability and integrity during storage and
distribution
Stability (physical,  No visible sign of instability at the time of  Stability issues, like changes in pH, viscosity, appearance, [22,27,43]
chemical, biological)/ preparation and over the restrictive period ~ aggregation, and change of crystal phase can affect the release and
shelf life therapeutic effect of the formulation
Container closure Airtight glass bottle/collapsible tube Prevents drug and lipid degradation to achieve target shelf life [55,56]

system/packaging
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Table 2 Lipid-based cubic liquid crystalline critical quality attributes (CQAs). *“Whether changes in the formulation and/or manufacturing

process affect the quality attributes of the product? "Whether the non-compliance with the quality attribute seriously affects the efficacy and

safety of the product?

QTPP element/quality attribute Target

Impact analysis® Severity analysis® CQAs

Dosage form/delivery system

Liquid crystal nanoparticles/cubosome dispersion loaded gel/ NO

NO (dosage formis NO

lipid crystalline nanoparticles-based dry powder decided)

Dosage design/drug release Sustained-release compared to free drugs NO NO (dosage design ~ NO
is decided)

Route of administration Oral/non-gastrointestinal administration (ocular, nasal, NO NO (route of NO

pulmonary, periodontal, vaginal, injection, topical) administration is

decided)

Dose strength X% (wiw) Yes Yes Yes
Crystalline shape Lamellar/cubic/hexagonal Yes Yes Yes
Appearance Smooth transparent gel/colloid/emulsion Yes Yes Yes
Method of preparation Top-down method/bottom-up method Yes Yes Yes
Particle size Uniform/< 300 nm Yes Yes Yes
PDI Uniform/< 0.3 Yes Yes Yes
Zeta potential Absolute = 20 mV Yes Yes Yes
Entrapment/encapsulation efficiency Maximum/high Yes Yes Yes
Dissolution Suitable drug release profile (sustained release) Yes Yes Yes
Viscosity Optimum (1 000-50 000 mPa-s) Yes Yes Yes
Rheological properties Yield stress (optimum) Yes Yes Yes
Contact angle 0° Yes Yes Yes
LogP of drug Optimum Yes Yes Yes
pH Well-matched with formulation (for iv: 3-8, topical: 4.2-5.6) Yes Yes Yes
Water content Optimum Yes Yes Yes
Stability Improved absorption, bioavailability, and pharmacokinetic Yes Yes Yes

parameters compared to the free drug and/or targeting
Microbial content Comply with the requirements of the Chinese Pharmacopoceia NO Yes Yes
Impurities Comply with the requirements of the Chinese Pharmacopoeia NO Yes NO
Ease of storage and distribution Store at temperature below 25 °C/do not freeze NO Yes NO
Container closure system/packaging Airtight glass bottle/collapsible tube NO Yes NO
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Table 3  Failure mode and effects analysis (FMEA) of the material attributes. API: Active pharmaceutical ingredient; CMC: Critical

micelle concentration; P: Probability of occurrence; S: Severity; D:

Detectability; RPN: Risk priority number

Property Material attribute ~ Failure mode Effect on in-process/final product CQAs P S D RPN
API Physical property Molecular weight ~ High Drug loading-drug release-efficacy 4 4 2 32
Dose High Drug loading-drug release-efficacy/safety 3 4 2 24
pKa <7 Parcel location-encapsulation efficiency-effectiveness 4 4 2 32
LogP Negative Parcel location-encapsulation efficiency effectiveness 4 4 2 32
Polymorphic form  Different Dissolution-bioavailability-efficacy 3 4 4 48
Particle sizeand High Dissolution-bioavailability-efficacy 4 4 3 48
distribution
Moisture content High Degradation-impurities-safety/efficiency 2 3 2 12
Chemical property Residual solvent High Degradation-impurities-safety 2 3 2 12
Impurities Present Impurities limit-safety/efficacy 2 3 3 18
Chemical stability ~ Unstable Impurities limit-safety/efficacy 3 3 3 27
Excipients Lipid Amount High Drug loading-free drug-safety/efficacy 4 4 1 16
Hydrophobicity Low Solubility-content uniformity-safety/efficacy 3 4 3 36
Type Unsuitable Phase structure-safety/efficacy 3 5 2 30
Melting point High Sensitive drug degradation-safety/efficacy 3 4 2 24
Solubility of drug  Low Encapsulation efficiency- safety/efficacy 3 4 3 36
CMC High Critical concentration-phase structure-effectiveness 2 4 4 32
Surfactant/ Type Unsuitable Agglomeration-content 3 3 2 18
co-surfactant/stabilizer
Co-solvents Concentration Low Agglomeration-content-safety/efficacy 3 4 3 36
Suitable Unsuitable Drug release-bioavailability-efficacy 2 4 2 16

Table 4 FMEA of the process parameters involved in the manufacture of lipid-based cubic liquid crystalline by top-down approach. RPM:

Revolutions per minute

Unit operation Process parameter Failure mode Effect on in-process/final product CQAs P S D RPN
Mixing Temperature High Phase changes-efficacy; drug degradation-safety/efficacy 4 4 3 48
Time Low Uniformity of dispersion-content-safety/efficacy 4 3 2 24
RPM Low Uniformity of dispersion-content-safety/efficacy 33 2 18
Stir bar Improper Uniformity of dispersion- content-safety/efficacy 33 2 18
Size reduction technique Type Inadequate  Particle size distribution-efficacy 3 4 2 24
Time Low Particle size distribution-efficacy 3 4 3 36
Amplitude/pressure/speed  Improper Particle size distribution- efficacy; practical application 3 4 3 36
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Table 5 Application analysis of lipid-based cubic liquid crystalline drug delivery system based on QbD. F127: Poloxamer 407, GMO:
Glycerol monooleate; PEG200: Polyethylene glycol 200; CQA: Critical quality attribute; CMA: Critical material attribute; CPP: Critical

process parameter

API and delivery Route of
L . CQA CMA CPP Ref
system administration
Tofacitinib loaded crystal Topical Particle size, PDI, entrapment Amount of lipid, type of liquid ~ Temperature, stirring speed, [71]
nanoparticles efficiency, permeation flux oil, amount of liquid oil, sonication amplitude,
ciscosity, skin penetration surfactant concentration sonication time
Fluoxetine hydrochloride Topical Particle size, zeta potential, / Lipid/F127, drugs, [21]
loaded hexosomes entrapment efficiency homogenization speed
Ketoconazole loaded Topical Particle size, PDI, entrapment Amount of surfactant, amount  Stirring speed and time, [44]
cubosomes efficiency, drug release of stabilizer, organic solven temperature
Tenofovir disoproxil Oral Drug content, particle size Lactose monohydrate, F127 / [72]
fumarate loaded liquid
crystal powder
Inhalable spray-dried Inhale Particle size, drug content, GMO/F127, PEG200, mannitol/ Stirring time and speed, [73]
erlotinib procubosomal aerosolization efficiency leucine temperature, inlet temperature,
atomization pressure
Luliconazole loaded Topical Particle size, PDI, entrapment Type of drug, amount of lipid, =~ Heating temperature, stirring [74]
lyotropic liquid efficiency, percent drug release, surfactant type, cosurfactant speed/time
crystalline nanoparticles retention in skin layer type
Raloxifene loaded Oral Particle size, zeta potential, Raloxifene amount, GMO/F127 / [75]
cubosome entrapment efficiency
Apigenin loaded Topical Particle size, PDI, entrapment Amount of GMO/F127 Sonication time, temperature [76]
lyotropic liquid efficiency
crystalline nanoparticles
Temozolomide loaded Injection  Product pH, particle size, PDI,  Type of lipid, lipid Temperature, time, RPM, [67]
PEGylated lyotropic zeta potential, drug release, concentration, type of amplitude/pressure/speed
liquid crystals entrapment efficiency, loading  surfctration/cosurfactant/
efficiency, stability stabilizer and concentraton

Curcumin loaded liquid Topical Particle size, PDI, zeta potential, Lipid content, surfactant/ / [77]

crystalline nanoparticles entrapment efficiency

cosurfactant concentration
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Table 6 Application of DOEs in lipid-based cubic liquid crystalline drug delivery systems. S/N: Signal to noise ration; T-80: Polysorbate
80; RSM: Response surface methodology; RMSE: Root mean square error; SEP: Standard error of prediction; AARD: Absolute average

relative deviation; PEG: Polyethylene glycol

API and delivery system Model Independent Dependent Finding Ref
Ketoconazole loaded 3-Level factorial Lactose Particle size, For both the responses, the adequate precision  [44]
cubosomes design monohydrate, F127 entrapment efficiency was 19.437, and S/N was 7.806, which were

both very high
Fluoxetine hydrochloride Box-Behnken Lipid/F127, Particle size, zeta The composition of the optimized fluoxetine [21]
loaded hexosomes fluoxetine potential, entrapment  hydrochloride hexosome was composed of 3.1,
hydrochloride, efficiency 1.4, 0.5, 0.2, and 94.8% for glyceryl
homogenization monooleate, oleic acid, F127, fluoxetine
speed hydrochloride, and deionized water
Tofacitinib loaded crystal Box-Behnken Amount of lipid, Particle size, zeta The optimized lyotropic liquid crystals system  [71]
nanoparticles surfactant potential, entrapment ~ was constructed with the glyceryl monooleate,
concentration, efficiency myristol, polyethylene glycol and water system
sonication time
Apigenin loaded lyotropic ~ Box-Behnken Amount of GMO,  Particle size, zeta The optimized formula obtained using Box- [76]
liquid crystalline F127, sonication potential, entrapment  Behnken design comprised of 4% GMO, 1%
nanoparticles time efficiency F127 and 3.3 min of sonication time
Temozolomide loaded Box-Behnken Amount of GMO,  Particle size, PDI, zeta The optimized formulation used 300 mg GMO, [67]
PEGylated lyotropic liquid F127, PEG200 potential, entrapment 150 mg F127, and I mL PEG 200, achieving
crystals efficiency high entrapment efficiency and a small particle
size with low lipid concentration
Curcumin loaded liquid Box-Behnken Amount of GMO,  Particle size, PDI, zeta The amount of curcumin (5 mg was fixed for [77]
crystalline nanoparticles F127, PEG200 potential, entrapment 10 mL formulation), lipid content (172.3 mg),
efficiency surfactant (1.5%), and co-surfactant
(122.78 mg), which was a completely different
batch from all the 17, QbD batches
Carvedilol cubosomes D-optimal design F127, secondary Particle size, PDI, zeta The S/N were 15.83, 11.86, 9.98 and 11.81, [81]
stabilizer, type of ~ potential, amount of  the model had good predictability and
the secondary carvedilol discrimination; cremophor 40 is a suitable
stabilizer secondary stabilizer in preparing cubosomes
Selegiline lidocaine Experimental GMO, F127, T-80  Particle size, The RSM model is preferable to the artificial [82]
hydrochloride loaded design/artificial entrapment efficiency, neural network model because it has lower
cubosomal thermoreversible neural network drug release (in vitro) RMSE, SEP, and AARD values
mucoadhesive gel
Table 7 Quality control strategy grading details. GMP: Good manufacturing practice of medical products
Control level Control strategy
1 Patient need: Physicochemical and biological properties: Safety, efficacy, stability, ease of use; business need: cost-effectiveness
attributes: Process feasibility, cost controllable, production safety, environmental friendliness, and strong maintainability
2 Production control indicators, monitoring the operation of production facilities, process parameters, material attributes, composition,
etc. control CQAs meet the requirements of level 1
3 On-line quality monitoring, engineering or other advanced analytical testing technologies to achieve level 2 control, in-situ, in-line,

near-line or off-line control methods, process models or automated control procedures to achieve production under GMP conditions

EFNIR 58 55 T TRV AT A Th 42 1), 2 57 A A 7= 0 Sk B Rk References
”EII:I E(Jﬁ %%E %U ﬁ:/ N e QbD IE,/U?{/E ﬁ%ﬁ‘[ﬁ% éj‘ﬁ E/‘] %; [17 Palma AS, Casadei BR, Lotierzo MC, et al. A short review on

L, HE R PR T R R A R PR S o R SR K A B
B ALGIRINE Y, 5 T T 1 R AA A R AR DA STt A 2%
(D54 BUR/E

BB TTEK: A/ VE DR 55T RS B R T
BRI A BT S T AR B AR AAE 25 TR e
B S E R AL

FERS: AR AR TR K A

the applicability and use of cubosomes as nanocarriers [J].
Biophys Rev, 2023, 15: 553-567.
[2] Av S, Nair A, Raj D, et al. Cubosomes as versatile lipid nano-
carriers for neurological disorder therapeutics: A comprehensive
review [J]. Naunyn Schmiedebergs Arch Pharmacol, 2024, 397:
3729-3746.
Liu LL, Chen XX, Chen JL, et al. Recent advances and trans-

dermal application of cubosomes [J]. Chin Pharm J (H1 [ 24 2% 24



JE AN R T LT B A A 5T 3L T W T R B R

449

(4]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

%), 2017, 52: 1005-1010.

Garg M, Goyal A, Kumari S. An update on the recent advances
in cubosome: A novel drug delivery system [J]. Curr Drug
Metab, 2021, 22: 441-450.

Blanco-Ferniandez G, Blanco-Fernandez B, Fernandez-Ferreiro
A, et al. Lipidic lyotropic liquid crystals: Insights on biomedical
applications [J]. Adv Colloid Interface Sci, 2023, 313: 102867.
Yaghmur A, Mu H. Recent advances in drug delivery applica-
tions of cubosomes, hexosomes, and solid lipid nanoparticles [J].
Acta Pharm Sin B, 2021, 11: 871-885.

Sharma P, Dhawan S, Nanda S. Cubosome: A potential liquid
crystalline carrier system [J]. Curr Pharm Des, 2020, 26: 3300-
3316.

Vorspan F, Hjelmstom P, Simon N, et al. What place for prolonged-
release buprenorphine depot-formulation Buvidal” in the treat-
ment arsenal of opioid dependence? Insights from the French
experience on buprenorphine [J]. Expert Opin Drug Deliv, 2019,
16: 907-914.

Otte A, Soh BK, Yoon G, et al. Liquid crystalline drug delivery
vehicles for oral and IV/subcutaneous administration of poorly
soluble (and soluble) drugs [J]. Int J Pharm, 2018, 539: 175-183.
Waghule T, Dabholkar N, Gorantla S, et al. Quality by design
(QbD) in the formulation and optimization of liquid crystalline
nanoparticles (LCNPs): A risk based industrial approach [J].
Biomed Pharmacother, 2021, 141: 111940.

Chen H, Li MH. Recent progress in polymer cubosomes and
hexosomes [J]. Macromol Rapid Commun, 2021, 42: €2100194.
Huang Y, Chang Z, Xia X, et al. Current and evolving
knowledge domains of cubosome studies in the new millennium
[J]. J Nanopart Res, 2023, 25: 176.

Xu B, Qiao YJ, Du SY, et al. Intelligent co-design of material,
process, and equipment for manufacturing high-quality tradi-
tional Chinese medicine preparations [J]. China J Chin Mater
Med (1 [E tf 2444 £), 2023, 48: 3977-3987.

Liu BS, Wang ZM, Zhang H, et al. Application of "quality by
design" in the preparation of acetaminophen sustained-release
tablets by 3D printing [J]. Acta Pharm Sin (%] %% 2% #), 2020, 55:
2719-27217.

Luo G, Xu B, Sun F, et al. Quality by design based high shear
wet granulation process development for the microcrystalline
cellulose [J]. Acta Pharm Sin (2% 2%4k), 2015, 50: 355-359.
Birla D, Khandale N, Bashir B, et al. Application of quality by
design in optimization of nanoformulations: Principle, perspec-
tives and practices [J]. Drug Deliv Transl Res, 2025, 15: 798-
830.

Daniela MZ, Branca MAS, Claudia S, et al. A quality by design
(QbD) approach in pharmaceutical development of lipid-based
nanosystems: A systematic review [J]. J Drug Delivery Sci
Technol, 2022, 70: 103207.

Li N, Deng YP. Preparation of solid lipid nanoparticles loaded

[19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

[30]

[31]

with emodin based on quality by design principles [J]. Chin
Tradit Herb Drugs ("' #.24), 2024, 55: 2216-2226.

The International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use. ICH Har-
monised Tripartite Guideline. Pharmaceutical Development Q8
(R2) [S]. London: International Conference on Harmonisation,
2009: 1-28.

Nagpal S, Palaniappan T, Wang JW, et al. Revisiting nanomedi-
cine design strategies for follow-on products: A model-informed
approach to optimize performance [J]. J Control Release, 2024,
376: 1251-1270.

Abdel-Bar HM, Khater SE, Ghorab DM, et al. Hexosomes as
efficient platforms for possible fluoxetine hydrochloride repur-
posing with improved cytotoxicity against HepG2 cells [J]. ACS
Omega, 2020, 5: 26697-26709.

Awad M, Kopecki Z, Barnes TJ, et al. Lipid liquid crystal
nanoparticles: Promising photosensitizer carriers for the treat-
ment of infected cutaneous wounds [J]. Pharmaceutics, 2023,
15:305.

Deshkar S, Madankar S, Shinde A, et al. Posaconazole loaded
lipid polymer hybrid nanoparticles: Design and development for
vaginal drug delivery [J]. J Pharm Innov, 2024, 20: 4.

Gerard-Lee S, Florencio A, Sabrina D, et al. Enhanced nose-to-
brain delivery of tranilast using liquid crystal formulations [J]. J
Control Release, 2020, 325: 1-9.

Kaul S, Nagaich U, Verma N. Investigating nanostructured liquid
crystalline particles as prospective ocular delivery vehicle for
tobramycin sulfate: ex vivo and in vivo studies [J]. J Adv Pharm
Technol Res, 2021, 12: 356-361.

Li Z, Yang G, Han L, et al. Sorafenib and triptolide loaded
cancer cell-platelet hybrid membrane-camouflaged liquid
crystalline lipid nanoparticles for the treatment of hepatocellular
carcinoma [J]. J Nanobiotechnology, 2021, 19: 360.

Shoman NA, Gebreel RM, El-Nabarawi MA, et al. Optimization
of hyaluronan-enriched cubosomes for bromfenac delivery
enhancing corneal permeation: Characterization, ex vivo, and in
vivo evaluation [J]. Drug Deliv, 2023, 30: 2162162.

Teba HE, Khalil IA, El Sorogy HM. Novel cubosome based
system for ocular delivery of acetazolamide [J]. Drug Deliv,
2021, 28: 2177-2186.

Yanmign-Wang Z, Jing-Ling T. In vivo and in vitro evaluation of
pulmonary administration of itraconazole nanostructured lipid
carriers for pulmonary aspergillosis [J]. Drug Dev Ind Pharm,
2023, 49: 232-239.

Dine L, Kim DM, Lee G, et al. Lyotropic liquid crystalline
nanoparticles for oral delivery: Formulation and evaluation of
sustained-released cromolyn sodium loaded cubosomes [J]. J
Pharm Investig, 2024, 54: 539-554.

He X, Karlsson PA, Xiong R, et al. Liquid crystal nanoparticles

for oral combination antibiotic therapies: A strategy towards



\

450 - Zj%E %4k Acta Pharmaceutica Sinica 2026, 61(2): 441-452

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

protecting commensal gut bacteria during treatment [J]. J
Colloid Interface Sci, 2025, 678: 287-300.

Fang X, Shen A. Preparation and evaluation of phytantriol liquid
crystal as a liquid embolic agent [J]. Pharm Dev Technol, 2020,
25:610-616.

Fonseca-Santos B, Cazarin CA, da Sliva PB, et al. Intranasal in
situ gelling liquid crystal for delivery of resveratrol ameliorates
memory and neuroinflammation in Alzheimer's disease [J].
Nanomedicine (Lond), 2023, 51: 102689.

Hossein K, Malihe K, Mohammadrezw A, et al. Comparison of
lipid liquid crystal formulation and Vivitrol® for sustained release
of naltrexone: in vitro evaluation and pharmacokinetics in rats
[J]. Int J Pharm, 2022, 611: 121275.

Jiang J, Wu H, Zou Z. In vitro and in vivo evaluation of a novel
lidocaine-loaded cubosomal gel for prolonged local anesthesia
[J]. J Biomater Appl, 2022, 37: 315-323.

Tang M, Li J, Wang G, et al. Cubic liquid crystals containing
propolis flavonoids as in situ thermo-sensitive hydrogel depots
for periodontitis treatment: Preparation, pharmacodynamics and
therapeutic mechanisms [J]. Eur J Pharm Sci, 2024, 196: 106762.
Tian C, Huang J, Xia M, et al. Physicochemical evaluation
and pharmacodynamics of itraconazole-loaded liquid crystal
precursor for vaginal delivery [J]. Drug Dev Ind Pharm, 2021,
47:1223-1234.

Zheng J, Zhang Y, Zhang S. Sustained release of azithromycin
from lipid liquid-crystalline nanoparticles iaden in situ gel for
the treatment of periodontitis: in vitro and efficacy study [J]. J
Biomater Appl, 2022, 37: 482-492.

Patil SM, Sawant SS, Kunda NK. Inhalable bedaquiline-loaded
cubosomes for the treatment of non-small cell lung cancer
(NSCLC) [J]. Int J Pharm, 2021, 607: 121046.

Wang W, Zeng J, Luo P, et al. Engineered lipid liquid crystalline
nanoparticles as an inhaled nanoplatform for mucus penetration
enhancement [J]. Drug Deliv Transl Res, 2023, 13: 2834-2846.
Kozaka S, Wakabayashi R, Kamiya N, et al. Design of swollen
lipidic cubic phase to increase transcutaneous penetration of
biomacromolecules [J]. ACS Appl Mater Interfaces, 2021, 13:
54753-54761.

Ma P, Li R, Zhu L, et al. Wound healing of laser injured skin
with glycerol monooleicate cubic liquid crystal [J]. Burns, 2020,
46: 1381-1388.

Torregrosa A, Ochoa-Andrade AT, Parente ME, et al. Develop-
ment of an emulgel for the treatment of rosacea using quality by
design approach [J]. Drug Dev Ind Pharm,2020, 46: 296-308.
Rapalli VK, Banerjee S, Khan S, et al. QbD-driven formulation
development and evaluation of topical hydrogel containing keto-
conazole loaded cubosomes [J]. Mater Sci Eng C Mater Biol
Appl, 2021,119: 111548.

Tan C, Hosseini SF, Jafari SM. Cubosomes and hexosomes as

novel nanocarriers for bioactive compounds [J]. J Agric Food

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

Chem,2022,70:1423-1437.

Attri N, Das S, Banerjee J, et al. Liposomes to cubosomes:
The evolution of lipidic nanocarriers and their cutting-edge
biomedical applications [J]. ACS Appl Bio Mater, 2024, 7: 2677-
2694.

Suk JS, Xu Q, Kim N, et al. Pegylation as a strategy for
improving nanoparticle-based drug and gene delivery [J]. Adv
Drug Deliv Rev, 2016, 99: 28-51.

Rapalli VK, Sharma S, Roy A, et al. Solid lipid nanocarriers
embedded hydrogel for topical delivery of apremilast: in-vitro,
ex-vivo, dermatopharmacokinetic and anti-psoriatic evaluation
[J]. J Drug Delivery Sci Technol, 2021, 63: 102442.

Mohapatra S, Mirza MA, Ahmad S, et al. Quality by design
assisted optimization and risk assessment of black cohosh loaded
ethosomal gel for menopause: Investigating different formula-
tion and process variables [J]. Pharmaceutics, 2023, 15: 465.
Amasya G, Aksu B, Badilli U, et al. QbD guided early pharma-
ceutical development study: Production of lipid nanoparticles by
high pressure homogenization for skin cancer treatment [J]. Int J
Pharm, 2019, 563: 110-121.

Roberts MS, Cheruvu HS, Mangion SE, et al. Topical drug
delivery: History, percutaneous absorption, and product develop-
ment [J]. Adv Drug Deliv Rev, 2021, 177: 113929.

Silvestrini AVP, Caron AL, Viegas J, et al. Advances in lyotropic
liquid crystal systems for skin drug delivery [J]. Expert Opin
Drug Deliv, 2020, 17: 1781-1805.

Alshaer W, Nsairat H, Lafi Z, et al. Quality by design approach
in liposomal formulations: Robust product development [J].
Molecules, 2022, 28: 10.

National Medical Products Administration. Technical guiding
principles for guality control of nanodrugs (trial) [EB/OL].
Beijing: National medical products administration, 2021-08-25
[2025-01-20]. https://www.cde.org.cn//main/news/viewInfoCom-
mon/95945bb17a7dcde7b68638525¢d38£66.

Khurana B, Arora D, Narang RK, et al. QbD based exploration
of resveratrol loaded polymeric micelles based carbomer gel for
topical treatment of plaque psoriasis: in vitro, ex vivo and in vivo
studies [J]. J Drug Delivery Sci Technol, 2020, 59: 101901.

Choi DH, Kim YS, Kim DD, et al. QbD based development and
evaluation of topical microemulsion-based hydrogel against
superficial fungal infections [J]. J Pharm Investig, 2019, 49:
87-103.

Taha MS, Padmakumar S, Singh A, et al. Critical quality attributes
in the development of therapeutic nanomedicines toward clinical
translation [J]. Drug Deliv Transl Res, 2020, 10: 766-790.

Chan HW, Chow S, Zhang XY, et al. Role of particle size in
translational research of nanomedicines for successful drug
delivery: Discrepancies and inadequacies [J]. J Pharm Sci, 2023,
112:2371-2384.

Caputo F, Mehn D, Clogston JD, et al. Asymmetric-flow field-



JE AN R T LT B A A 5T 3L T W T R B R

451

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

flow fractionation for measuring particle size, drug loading
and (in) stability of nanopharmaceuticals. The joint view of
European Union Nanomedicine Characterization Laboratory and
National Cancer Institute-Nanotechnology Characterization
Laboratory [J]. J Chromatogr A, 2021, 1635: 461767.

Khizar S, Alrushaid N, Alam Khan F, et al. Nanocarriers based
novel and effective drug delivery system [J]. Int J Pharm, 2023,
632:122570.

Moradi Kahkooli F, Soltani M, Souri M. Controlled anti-cancer
drug release through advanced nano-drug delivery systems:
Static and dynamic targeting strategies [J]. J Control Release,
2020, 327: 316-349.

Németh Z, Pallagi E, Dob6 DG, et al. A proposed methodology
for a risk assessment-based liposome development process [J].
Pharmaceutics, 2020, 12: 1164.

Németh Z, Pallagi E, Dobo DG, et al. An updated risk assess-
ment as part of the QbD-based liposome design and develop-
ment [J]. Pharmaceutics, 2021, 13: 1071.

Mohseni-Motlagh SF, Dolatabadi R, Baniassadi M, et al. Appli-
cation of the quality by design concept (QbD) in the develop-
ment of hydrogel-based drug delivery systems [J]. Polymers
(Basel), 2023, 15: 4407.

Bao C, Li J, Wu D. Different types of risk matrices and typical
applications [M]// Li JP, Wu DS. Risk Matrix: Rating Scheme
Design and Risk Aggregation, Berlin: Springer Nature, 2022:
13-26.

Wei LY, Li X, Wang H, et al. Formulation and technology of
oxymatrine-astragaloside IV coloaded liposomes based on quality
by design [J]. Acta Pharm Sin (2% 2%4Rk), 2024, 59: 232-242.
Waghule T, Laxmi-Swetha K, Roy A, et al. Quality by
design assisted optimization of temozolomide loaded PEGylated
lyotropic liquid crystals: Investigating various formulation and
process variables along with in-vitro characterization [J]. J Mol
Liq, 2022, 352: 118724.

Department of Health and Human Services Food and Drug
Administration Center for Drug Evaluation and Research
(CDER). Liposome Drug Products: Chemistry, Manufacturing,
and Controls; Human Pharmacokinetics and Bioavailability; and
Labeling Documentation [S]. Silver Spring: Food and Drug
Administration, 2018: 1-15.

The International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use. ICH Har-
monised Tripartite Guideline. Quality Risk Management (Q9)
[S]. Tokyo: International Conference on Harmonisation, 2005:
1-19.

Simao J, Chaudhary SA, Ribeiro AJ. Implementation of quality
by design (QbD) for development of bilayer tablets [J]. Eur J
Pharm Sci, 2023, 184: 106412.

Gorantla S, Saha RN, Singhvil G. Exploring the affluent potential

of glyceryl mono oleate - myristol liquid crystal nanoparticles

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

mediated localized topical delivery of tofacitinib: Study of
systematic QbD, skin deposition and dermal pharmacokinetics
assessment [J]. J Mol Liq, 2022, 346: 117053.

Patil S, Kadam C, Pokharkar V. QbD based approach for
optimization of tenofovir disoproxil fumarate loaded liquid
crystal precursor with improved permeability [J]. J Adv Res,
2017, 8: 607-616.

Singh A, Rana V. QbD assisted development of inhalable spray-
dried erlotinib procubosomal system for the effective manage-
ment of non-small cell lung cancer [J]. J Drug Deliv Sci Technol,
2023, 90: 105096.

Mahmood A, Rapalli VK, Waghule T, et al. Luliconazole loaded
lyotropic liquid crystalline nanoparticles for topical delivery:
QbD driven optimization, in-vitro characterization and dermato-
kinetic assessment [J]. Chem Phys Lipids, 2021, 234: 105028.
Gupta T, Kenjale P, Pokharkar V. QbD-based optimization of
raloxifene-loaded cubosomal formulation for transdemal delivery:
ex vivo permeability and in vivo pharmacokinetic studies [J].
Drug Deliv Transl Res, 2022, 12: 2979-2992.

Waheed A, Zameer S, Sultana N, et al. Engineering of QbD
driven and ultrasonically shaped lyotropic liquid crystalline
nanoparticles for apigenin in the management of skin cancer [J].
Eur J Pharm Biopharm, 2022, 180: 269-280.

Tomar Y, Maheshwari S, Gorantla S, et al. Curcumin loaded
liquid crystalline nanoparticles for enhanced topical application:
Design, characterization, ex vivo and dermatokinetic evaluation
[J]. J Drug Deliv Sci Technol, 2024, 92: 105391.

Politis SN, Colombo P, Colombo G, et al. Design of experiments
(DoE) in pharmaceutical development [J]. Drug Dev Ind Pharm,
2017, 43: 889-901.

Tanious R, Manolo R, Onghena P, et al. Single-case experimen-
tal designs: The importance of randomization and replication [J].
Nat Rev Methods Primers, 2024, 4: 27.

Jankovic A, Chaudhary G, Goia F. Designing the design of
experiments (DOE) an investigation on the influence of different
factorial designs on the characterization of complex systems [J].
Energy Build, 2021, 250: 111298.

Salem EM, Dawaba HM, Elbaset MA, et al. Optimizing
bioavailability and antihypertensive activity of carvedilol cubo-
somes using D-optimal design: Comparative analysis of cremo-
phor RH 40 and polyvinyl alcohol as secondary stabilizers [J]. J
Drug Deliv Sci Technol, 2024, 97: 105817.

Kakulade S, Kulkarni D, Moravkar K, et al. Development,
characterization and pharmacokinetic evaluation of selegiline
HCI loaded cubosomal thermoreversible mucoadhesive gel for
nose to brain delivery [J]. J Drug Deliv Sci Technol, 2024, 100:
106111.

Miesle JE, Osei-Yeboah F, Pauli-Bruns A, et al. Current
approaches to design space development and regulatory applica-

tions for drug products: Findings from the IQ utilization of



\

452 - Zj%E %4k Acta Pharmaceutica Sinica 2026, 61(2): 441-452

[84]

[85]

[86]

design space for filings working group survey [J]. Pharm Res,
2024, 41: 1775-1786.

Dawoud MHS, Yassin GE, Ghorab DM, et al. Insulin mucoad-
hesive liposomal gel for wound healing: A formulation with
sustained release and extended stability using quality by design
approach [J]. AAPS PharmSciTech, 2019, 20: 158.

Rapalli VK, Khosa A, Singhvi G, et al. Chapter 13- Application
of QbD principles in nanocarrier-based drug delivery systems
[M]//Pharmaceutical Quality by Design: Principles and Applica-
tions, London: Academic Press, 2019: 255-296.

Lian CY, Xu B, Wang QP, et al. Chinese medicine quality

[87]

[88]

derived from design methods and applications for-(V): Process
control strategy [J]. World Chin Med (ith 5 7 £ 24), 2018, 13:
561-565.

Luo G, Xu B, Sun F, et al. Quality by design based high shear
wet granulation process development for the microcrystalline
cellulose [J]. Acta Pharm Sin (Z2%%4R), 2018, 13: 535-542.
Mahmood A, Rapalli VK, Gorantla S, et al. Dermatokinetic
assessment of luliconazole-loaded nanostructured lipid carriers
(NLCs) for topical delivery: QbD-driven design, optimization,
and in vitro and ex vivo evaluations [J]. Drug Deliv Transl Res,

2022, 12: 1118-1135.



