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Abstract:

The field of pharmaceutical development has witnessed a significant shift toward implementing Qual-
ity by Design (QbD) principles to enhance the quality, safety, and efficacy of various drug delivery
systems. As a promising alternative to traditional oral dosage forms, sublingual tablets have gained
attention for their rapid onset of action and improved patient compliance. This review article aims to
provide a comprehensive overview of the fundamental principles of QbD and its relevance in the con-
text of sublingual tablets. It delves into the intricate relationship between Critical Quality Attributes
(CQAs) and Critical Process Parameters (CPPs), emphasizing the necessity of a systematic approach to
achieving product excellence. Furthermore, the article highlights the benefits of implementing QbD in
sublingual tablet development, potential challenges, and the regulatory landscape for QbD in pharma-
ceutical development.
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Rationale, Purpose, and Limitations

The study is motivated by the pharmaceutical
industry's shift toward Quality by Design
(QbD) principles and the increasing interest in
sublingual tablets due to their potential benefits.

Its purpose is to educate the reader about the
principles of QbD, their application to sublin-
gual tablets, and the associated implications and
challenges. The paper aims to provide a com-
prehensive understanding of how QbD can be
applied to sublingual tablet development, em-
phasizing the need for a systematic approach.

This knowledge will benefit others in the field
by guiding them in optimizing pharmaceutical
products for enhanced patient outcomes,
thereby addressing an unmet need for a system-
atic framework in sublingual tablet develop-
ment within the context of nanomedicines.

Introduction:
Among all drug administration methods, oral

drug delivery is the most usually utilized be-
cause of its identifiable benefits, including its

Figure 1. Sublingual route for drugs.

When using the quality-by-design approach,
raw materials (such as drug substances and ex-
cipients) and manufacturing techniques are
controlled to ensure the quality of the final
product.

When finished products don’t meet regulatory
authorities’ requirements, manufacturers must
restart the process and determine what went
wrong. [10-13] Testing techniques for quality
are costly and can lead to variances that reduce
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convenience, ability to improve patient compli-
ance, minimal need for sterility, and a high de-
gree of flexibility in developing the dosage
form. Today’s formulation research is over-
coming shortcomings of conventional delivery
systems to provide medications with improved
performance and high bioavailability. [1]

The three main issues with orally adminis-
tered medications are first-pass metabolism, bi-
oavailability, and the onset of action, which are
addressed by sublingual formulation because
the sublingual mucosa is thinner than the buccal
mucosa, drugs can be absorbed quickly and take
effect quickly. [2] Sublingual tablets could be
used as a substitute for the oral route to address
the shortcomings of the oral tablets (Figure 1).
Nowadays, several medicines are given sublin-
gually, including nifedipine, several opioid an-
algesics, some barbiturates, benzodiazepines,
and steroids. [3-8]

Traditional methods for developing pharma-
ceuticals predicated on quality through testing
are no longer in use. [9]

\, (c) Salivary gland

the safety of the finished pharmaceutical prod-
ucts (Figure 2).

Formulations and processes must be opti-
mized through more scientific and systematic
methods to address these challenges. To over-
come this challenge, the Quality by Design
(QbD) strategy is introduced to improve pro-
duction procedures and ensure the quality and
safety of finished products. [14-17]
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QbD was given regulatory agency approval
after publications of several International Con-
ference on Harmonization (ICH) recommenda-
tions Q8, Q9, Q10, and Q11. For instance, the
ICH QS8 guideline describes the QbD strategy
as clarifying the process’s initial goals, facili-
tating knowledge and control, and controlling
quality-related risks. Consequently, QbD
makes it possible to produce pharmaceuticals
that are both safe and high-quality pharmaceu-
tical products. [18] This review discusses the
QbD principles and their applications to devel-
oping pharmaceutical sublingual formulations.
[19]

QbD elements
for Sublingual
tablet

Figure 2. QbD elements for sublingual tablet.

According to ICH Q8 (R2), “Quality must be
integrated into a product or manufacturing pro-
cess because it cannot be tested or inspected
into a final product.”

The level of effort, formality, and documenta-
tion of the QRM process should be proportion-
ate with the level of risk, according to ICH Q9,
which specifies that “the assessment of the risk
to quality should be built on scientific infor-
mation eventually relating to the protection of
the patient.” [24-28]

The primary objectives of ICH Q10 are to re-
alize the product, establish and maintain a con-
dition of control, and facilitate continuous phar-
maceutical product improvement. It presents a
thorough model for an efficient pharmaceutical
quality system based on ISO quality ideas and
involves required GMPs. [29]

Discussion
QbD Principles

QbD is “a systematic approach to pharmaceu-
tical development that starts with predefined
objectives and focuses on product and process
understanding and process control, based on
quality science and QRM.” [20]

ICH Guidelines

+ ICH Q8 (R2) — Pharmaceutical devel-
opment.[21]
ICH Q9 — Quality Risk Management
(QRM). [22]
ICH Q10 — Pharmaceutical quality sys-
tem.[23]

Dosage form

Route of administration
Dosage strength
Stability

Drug Product Quality Attributes
Physical Attributes
Assay

Content uniformity

- Disintegration time
Drug release

Hardness

Blending time
Lubrication time
Compression force

Comparison of the Traditional Quality by
Testing (QbT) Approach with the Modern
QbD

The traditional regulatory evaluation system in-
volves the evaluation of the performance and
quality of the product by restricting flexibility
in manufacturing processes and end-product
testing. Thus, the QbT approach mainly in-
volves  evaluating all product ~ parameters
equally, resulting in more review time for low-
risk products and removing necessary resources
from high-risk products. [30-31] Table 1 com-
pares the systematic QbD approach with the
classic QbT approach.

The quality-by-design approach
Because the QbD technique involves quality
assurance during production, it is necessary to

identify essential patient needs-related qualities
before developing a pharmaceutical product. In
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this regard, QbD defines the standards that en-
sure the quality of the final product, which must
be assessed throughout the development of the
pharmaceutical product. The ICH QS8 defines
the most often used QbD eclements, which in-
clude Quality Target Product Profile (QTPP),
Critical Quality Attributes (CQAs), Critical
Material Attributes (CMAs), and Critical Pro-
cess Parameters (CPPs). It is based on risk iden-
tification, defining the design space after doing
the Design of Experiment (DoE), and risk anal-
ysis. A control measure is used throughout the
process to guarantee that products have a con-
stant and predetermined quality.[32]

Quality Target Product Profile (QTPP): con-
cerns the product’s safety and efficacy; the
QTPP is a prospective description of the ideal
quality attributes of a drug product that will be
achieved to assure the required quality.

Critical Quality Attributes (CQAs) are the
physical, chemical, biological, or microbiolog-
ical properties of drug substances, excipients,

intermediates (in-process materials), and prod-
ucts that should be within an appropriate limit,
range, or distribution to ensure the desired prod-
uct quality.

Critical Material Attributes (CMAs): sub-
stances that must be within specific ranges to
ensure the quality of the drugs, excipients, and
other substances utilized.

Critical Process Parameters (CPPs): are dy-
namic process variables that impact CQAs and
should be observed or controlled to ensure the
desired quality.

Risk assessment methods like risk filtering
and fishbone diagrams (Figure 3) and prior ex-
perience and knowledge obtained from the lit-
erature are used to identify QTPP, CQAs,
CMAs, and CPPs. Analysis of variance
(ANOVA) and multiple linear regression are
usually used to evaluate the experimental re-
sults when conducting risk analysis.

ENVIRONMENT

MATERIAL

Drug

Polymer

Sweetener

Flavor

Experience Compatibility

Training

Formulator Absorption

Qualification

Solubility
MEN

DRUG

Humidity ——

PROPERTIES

Formulation

PROCEDURE

Method

rug Content

Dissolution
study

Drug release

EFFECT

rug Content
isintegration
Friability
etting Time
Stability

MEASURMENT

Figure 3. Ishikawa fishbone diagram shows the cause-and-effect association between the variables in the for-

mulation and the process.

The input variables (such as material attrib-
utes) and process parameters that have been
shown to ensure quality are combined and in-
teracted in a multidimensional way to form the
design space. Change is not considered when
working within the design space. Exiting the
design space is regarded as a modification that
typically requires regulatory permission.

A control strategy is a planned set of controls
that ensures process performance and product
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quality. It is based on current product and pro-
cess knowledge. The parameters and character-
istics of the drug substances, the materials and
components of the drug products, the operating
conditions of the facility and the equipment, the
in-process controls, the specifications of the
finished product, and the associated monitoring
and control methods can all be included in the
controls. [33-38]
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Applying the QbD approach is beneficial and
important as it is still in the research phase for
sublingual formulation development. The ab-
sorption and a lack of knowledge about phar-
macokinetic factors are the main obstacles in
the production of sublingual formulation. The
QbD approach focuses on product and process
understanding and aims to regulate product
quality in accordance with the standards. Using
QbD in the formulation design and production
of a sublingual formulation is encouraging and
promising (Figure 4).

Figure 4, ObD approach diagram.
Development of Sublingual Tablet by Quality
by Design Approach
o To create a QTPP for the sublingual tablet.
e Determination of the sublingual tablets’
CQAs.
e Risk assessment procedure to determine the
CPPs drafted a preliminary DoE to estab-
lish the CPPs’ ideal parameters.

Sublingual Formulations that are Based
on Nanotechnology Addressing the Key
Differences from Traditional Sublingual
Formulation

1. Particle Size Enhancement: Nano-based
sublingual formulations employ particles at the
nanoscale, notably smaller than those found in
conventional formulations. This reduction in
particle size significantly amplifies the availa-
ble surface area for absorption, consequently el-
evating the drug’s overall bioavailability.

2. Solubility Advancement: Nanotechnology
can bolster the solubility of drugs with limited
water solubility—a challenge encountered in
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traditional formulations. This heightened solu-
bility translates to improved drug absorption
and heightened therapeutic effectiveness.

3. Utilization of Carrier Systems.: Nano-for-
mulations for sublingual administration fre-
quently harness carrier systems such as lipo-
somes, micelles, and nanoparticles to encapsu-
late and convey drugs. These carriers offer con-
trolled release mechanisms, safeguard drugs
against degradation, and enable targeted deliv-
ery—a level of sophistication not commonly
associated with traditional sublingual medica-
tions.

4. Precision Targeting: Nano-based formula-
tions are amenable to meticulous targeting
strategies. This involves functionalizing nano-
particles with ligands or antibodies that interact
with specific receptors, a level of precision not
typically attainable with traditional formula-
tions.

5. Facilitation of Combination Therapies:
Nano-formulations unlock the potential for
amalgamating multiple drugs or therapeutic
agents within a single formulation. This inno-
vative capacity allows for the realisation of
combination therapies, an avenue less explored
in traditional sublingual medications.

Benefits of Implementing QbD in Sublin-
gual Tablet Development

Implementing QbD principles in sublingual
tablet development offers several significant
benefits that contribute to the project’s overall
success and the final product’s quality. Some
significant benefits follow below. [39-42]

1. Enhanced Product Quality and Consistency:
QbD encourages a thorough understanding of
the relationships between CPPs and CQAs.
This understanding allows for developing a ro-
bust and optimized formulation and manufac-
turing process that consistently meets desired
product specifications.

2. Reduced Risk of Failures and Recalls: QbD
involves proactive risk assessment and mitiga-
tion strategies. Identifying and addressing po-
tential risks early in the development process
minimizes the likelihood of unexpected failures
and product recalls due to quality issues.

3. Efficient Resource Utilization: QbD focuses
efforts on critical factors that significantly im-
pact product quality. This efficient allocation of
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resources saves time and reduces costs associ-
ated with unnecessary experiments and itera-
tions.

4. Faster Development Timelines: With a sys-
tematic approach, QbD helps streamline the de-
velopment process by providing clear guidance
on which parameters and factors to prioritize.
This leads to quicker decision-making and ac-
celerated development timelines.

5. Optimized Formulation and Process:
Through methods like DoE, QbD enables thor-
ough exploration of various parameters and
their interactions. This results in identifying op-
timal formulation and process conditions that
meet target CQAs.

6. Enhanced Process Understanding: QbD en-
courages a deeper understanding of the under-

lying science and mechanisms behind the for-
mulation and manufacturing processes. This
understanding allows for more informed trou-
bleshooting and continuous improvement ef-
forts.

7. Regulatory Compliance: QbD aligns with
regulatory expectations as agencies increas-
ingly emphasize the need for a science-based
approach to pharmaceutical development. Doc-
umentation of QbD efforts demonstrates a ro-
bust understanding of the product and process,
which can facilitate regulatory approvals.

8. Improved Scale-Up and Technology Trans-
fer: The knowledge gained through QbD-
driven development facilitates smooth scale-up
and technology transfer to larger manufacturing
scales or different manufacturing sites.

« Taste and Acceptance: Overcoming bitter taste for patient compliance is challenging.

» Formulation Complexity: Designing formulations that dissolve effectively and maintain

stability is intricate.

» Dosage Limitations: Limited dosage due to size constraints under the tongue.

« Individual Variability: Variations in absorption due to salivary flow and mucosal

permeability.
Short-comings
of sublingual .
drug delivery

Local Irritation: Formulation or drug may cause irritation to sublingual mucosa.

» Technique Dependence: Correct administration technique is vital for successful

absorption.

» Regulatory Considerations: Regulatory standards must be met for stability, safety, and

efficacy.

» Patient Preference: Some patients may prefer alternative routes.

» Compatibility with Excipients: Excipients must be compatible to prevent adverse

interactions

Figure 5: Shortcomings of sublingual drug delivery

Challenges

While implementing QbD principles in sub-
lingual tablet development offers numerous
benefits, there are also challenges that organi-

zations may face, which are shown in Figure 5.

Recognizing and addressing these challenges is

crucial for successful QbD implementation.

Some potential challenges are outlined below.

[43-44]

e Multiple Variables and Interactions: Sub-
lingual tablet development involves many
variables, including active pharmaceutical
ingredient (API) characteristics, excipients,
disintegration agents, and manufacturing
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parameters. Understanding the intricate in-
teractions between these variables can be
intricate, as they collectively affect the final
product’s quality.

Rapid Dissolution and Absorption: Sublin-
gual administration requires rapid dissolu-
tion and absorption of the tablet’s contents.
Regulatory Acceptance of Innovative De-
livery Routes: Sublingual administration is
relatively innovative, and regulatory agen-
cies might have varying levels of familiar-
ity and acceptance of this route of admin-
istration.
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o Taste and Palatability Issues: Sublingual and the European Medicines Agency (EMA),
tablets are placed under the tongue, making view and encourage the application of QbD
taste and palatability critical factors for pa- principles in pharmaceutical development as a
tient acceptance. Developing a formulation means to improve prloduct quality, safety, and
that delivers the desired therapeutic effect efficacy while ensuring a robust and science-

. . . based approach to manufacturing. [45] Both
while being palatable can be challenging, agencies recognize the benefits of QbD in en-

hancing the understanding of products and pro-
cesses, reducing variability, and ultimately

e Patient Variability in Administration.: Sub-
lingual administration depends on patients’

correct placement and retention of the tab- leading to better patient outcomes. Tables 2 and
let under the tongue. Patient variability in 3 show key aspects of the regulatory agencies
administration can impact drug absorption and ICH requirements for pharmaceuticals for
and efficacy. human use. [46-56]

Regulatory Landscape for QbD in Phar-
maceutical Development

Regulatory agencies, including the United
States Food and Drug Administration (FDA)

Conclusions

Quality by Design is a systematic approach that ensures a deep understanding of the relationships
between Critical Process Parameters and Critical Quality Attributes in sublingual drug product devel-
opment — by proactively addressing risks, defining a design space, and optimizing processes through
techniques like Design of Experiments, Quality by Design guarantees consistent product quality. It
aligns with regulatory expectations, fosters a patient-centric approach, and supports continuous im-
provement. Collaboration across disciplines and anticipation of future trends contribute to its effective-
ness. Quality by Design is essential for producing reliable sublingual drug products that meet regulatory
standards and patient needs. This review analyses the fundamental principles and the importance of
systematic approaches, as well as addresses challenges and regulatory considerations. As the pharma-
ceutical industry evolves, embracing Quality by Design for sublingual tablet development can provide
improved drug delivery and enhanced patient care.

Abbreviations

Critical Quality Attributes (CQAs)

Critical Process Parameters (CPPs)

Design of Experiments (DoE)

European Medicines Agency (EMA)
International Conference on Harmonization (ICH)
Quality by Design (QbD)

Quality Target Product Profile (QTPP):

Quality by Testing (QbT)

Acknowledgments
The authors wish to acknowledge the support of Mandsaur University, M.P. India

Conflict of Interest

The authors declare no conflicts of interest. For a signed statement, please contact the journal office
at editor@precisionnanomedicine.com.

Quote this article as Joshi D, Choudhary NK, Enhancing Sublingual Tablet-Quality Through-Quality-
by-Design Principles: Current Trends and Insights, Precis. Nanomed. 2023, 6(3):1099-1108,
https://doi.org/10.33218/001c.88223

Prnano.com, https://doi.org/10.33218/001c.88223 1 105 Andover House, Andover, MA USA
The official Journal of CLINAM — ISSN:2639-9431 (online) License: CC BY-NC 4.0



References

1. Hao, J.,, Wang, F., Wang, X., Zhang, D., Bi, Y., Gao, Y., ... Hu, F. (2012). Development and
optimization of baicalin-loaded solid lipid nanoparticles prepared by coacervation method using
central composite design. European Journal of Pharmaceutical Sciences, 47, 497-505.

2. Chauhan, M. S., Kumar, A., & Pathak, K. (2012). Osmotically regulated floating asymmetric
membrane capsule for controlled site-specific delivery of ranitidine hydrochloride: Optimization
by central composite design. AAPS PharmSciTech, 13(4), 1492-1501.

3. Hao,J., Fang, X., Zhou, Y., Wang, J., Guo, F., Li, F., ... Hu, F. (2011). Development and optimi-
zation of solid lipid nanoparticle formulation for ophthalmic delivery of chloramphenicol using a
Box-Behnken design. International Journal of Nanomedicine, 6, 683-692.

4. Beg, S., Swain, S., Singh, H. P., Patra, C. N., & Rao, M. E. (2012). Development, optimization,
and characterization of solid self-nanoemulsifying drug delivery systems of valsartan using po-
rous carriers. AAPS PharmSciTech, 13(4), 1416-1427.

5. Basalious, E. B., El-Sebaie, W., & El-Gazayerly, O. (2011). Application of pharmaceutical QbD
for enhancement of the solubility and dissolution of a Class Il BCS drug using polymeric surfac-
tants and crystallization inhibitors: Development of controlled-release tablets. AAPS
PharmSciTech, 12(3), 799-810.

6. Murphy, C., Pillay, V., Choonara, Y. E., du-Toit, L. C., Ndesendo, V. M., Chirwa, N, ... Kumar,
P. (2012). Optimization of a dual mechanism gastrofloatable and gastroadhesive delivery system
for narrow absorption window drugs. AAPS PharmSciTech, 13(1), 1-15.

7. Honary, S., Ebrahimi, P., & Hadianamrei, R. (2014). Optimization of particle size and encapsu-
lation efficiency of vancomycin nanoparticles by response surface methodology. Pharmaceutical
Development and Technology, 19(8), 987-998.

8. Bhatia, A., Singh, B., Raza, K., Wadhwa, S., & Katare, O. P. (2013). Tamoxifen-loaded lecithin
organogel (LO) for topical application: Development, optimization and characterization. Interna-
tional Journal of Pharmaceutics, 444(1-2), 47-59.

9. Fouad, S. A., Basalious, E. B., El-Nabarawi, M. A., & Tayel, S. A. (2013). Microemulsion and
poloxamer microemulsion-based gel for sustained transdermal delivery of diclofenac epolamine
using in-skin drug depot: In vitro/in vivo evaluation. International Journal of Pharmaceutics,
453(2), 569-578.

10. Damana, Z., Ostadb, S. N., Aminic, M., & Gilani, K. (2014). Preparation, optimization and in
vitro characterization of stearoyl-gemcitabine polymeric micelles: A comparison with its self-
assembled nanoparticles. International Journal of Pharmaceutics, 468(1-2), 142-151.

11. Wankhade, V. P., Atram, S. C., Bobade, N. N., Pande, S. D., & Tapar, K. K. (2012). Formulation
and optimization of SNEDDS of gliclazide using response surface methodology. Asian Journal
of Pharmaceutical Sciences, 6(5), 289.

12. Food and Drug Administration. (2006). Dockets/ac/06/minutes/2006-4228m1.pdf. Retrieved
from http://www.fda.gov/ohrms/

13. Zhang, H., & Lawrence, X. (2004). Dissolution testing for solid oral drug products: Theoretical
considerations. American Pharmaceutical Review, 26-31.

14. Radeke, C. A., Glasser, B. J., & Khinast, J. G. (2010). Large-scale powder mixer simulations
using massively parallel GPU architectures. Chemical Engineering Science, 65, 6435-6442.

15. Radl, S., Kalvoda, E., Glasse, B. J., & Khinast, J. G. (2009). Mixing characteristics of wet granular
matter in a bladed mixer. Powder Technology, 200, 171-189.

16. Verma, A., Verma, B., Prajapati, S., & Tripathi, S. (2012). Formulation and evaluation of trans-
dermal therapeutic system of matrix type clonidine hydrochloride. Der Pharmacia Letter, 4(4),
1137-1142.

17. Vasseur, B., Dufour, A., Houdas, L., et al. (2017). Comparison of the systemic and local pharma-
cokinetics of clonidine mucoadhesive buccal tablets with reference clonidine oral tablets in
healthy volunteers: an open-label randomized cross-over trial. Advances in Therapy, 34(8), 2022-
2032.

Prnano.com, https://doi.org/10.33218/001c.88223 1 106 Andover House, Andover, MA USA
The official Journal of CLINAM — ISSN:2639-9431 (online) License: CC BY-NC 4.0



18. Gondaliya, K., Kapupara, P. P., & Shah, K. V. (2014). Development and validation of RP-HPLC
method for simultaneous estimation of clonidine hydrochloride and hydrochlorothiazide in phar-
maceutical formulation. International Bulletin of Drug Research, 4(6), 106-115.

19. Gondkar, S. B., Namrata, P., & Saudagar, R. B. (2016). Fast dissolving oral films. Asian Journal
of Pharmaceutical Research, 6(1), 56-58.

20. US Food and Drug Administration. (2006). Guidance for Industry: Q10 Quality Systems Ap-
proach to Pharmaceutical cGMP Regulations. Rockville, MD: Food and Drug Administration.

21. ICH Harmonised Tripartite Guideline. (2004). Q8 (R2) Pharmaceutical Development. Geneva,
Switzerland: International Council for Harmonisation.

22. ICH Harmonised Tripartite Guideline. (2005). Q9 Quality Risk Management. Geneva, Switzer-
land: International Council for Harmonisation.

23. ICH Harmonised Tripartite Guideline. (2008). Q10 Pharmaceutical Quality System. Geneva,
Switzerland: International Council for Harmonisation.

24, Mashru, R. C., Sutariya, V. B., Sankalia, M. G., & Parikh, P. P. (2005). Development and evalu-
ation of fast-dissolving film of salbutamol sulphate. Drug Development and Industrial Pharmacy,
31(1), 25-34.

25. Abruzzo, A., Nicoletta, F. P., Dalena, F., Cerchiara, T., Luppi, B., & Bigucci, F. (2017). Bilayered
buccal films as child-appropriate dosage form for systemic administration of propranolol. Inter-
national Journal of Pharmaceutics, 531(1), 257-265.

26. Chonkar, A. D., Rao, J. V., Managuli, R. S., & et al. (2016). Development of fast dissolving oral
films containing lercanidipine HCIl nanoparticles in semicrystalline polymeric matrix for en-
hanced dissolution and ex vivo permeation. European Journal of Pharmaceutics and Biopharma-
ceutics, 103, 179-191.

27. Samprasit, W., Akkaramongkolporn, P., Kaomongkolgit, R., & Opanasopit, P. (2018). Cyclodex-
trin-based oral dissolving films formulation of taste-masked meloxicam. Pharmaceutical Devel-
opment and Technology, 23, 530-539.

28. Bayrak, Z., Tas, C., Tasdemir, U., Erol, H., Ozkan, C. K., Savaser, A., ... Ozkan, Y. (2011). For-
mulation of zolmitriptan sublingual tablets prepared by direct compression with different poly-
mers: In vitro and in vivo evaluation. European Journal of Pharmaceutics and Biopharmaceutics,
78(3), 499-505. doi: 10.1016/.ejpb.2011.02.014, PMID 21352916.

29. Rawas-Qalaji, M. M., Simons, F. E., & Simons, K. J. (2006). Fast-disintegrating sublingual tab-
lets: Effect of epinephrine load on tablet characteristics. AAPS PharmSciTech, 7(2), E41. doi:
10.1208/pt070241, PMID 16796358.

30. Birudaraj, R., Berner, B., Shen, S., & Li, X. (2005). Buccal permeation of buspirone: Mechanistic
studies on transport pathways. Journal of Pharmaceutical Sciences, 94(1), 70-78. doi:
10.1002/jps.20208, PMID 15761931.

31. Price, T. M., Blauer, K. L., Hansen, M., Stanczyk, F., Lobo, R., & Bates, G. W. (1997). Single-
dose pharmacokinetics of sublingual versus oral administration of micronized 17f-estradiol. Ob-
stetrics & Gynecology, 89(3), 340-345. doi: 10.1016/S0029-7844(96)00513-3, PMID 9052581.

32. Naimish, A. S., Vipul, P. P., & Devang, J. P. (2013). Sublingual delivery: A promising approach
to improve bioavailability. Pharmaceutical Sciences Monitor, 4(2).

33. Marmura, M. J., Silberstein, S. D., & Schwedt, T. J. (2015). The acute treatment of migraine in
adults: The American Headache Society evidence assessment of migraine pharmacotherapies.
Headache, 55(1), 3-20. doi: 10.1111/head.12499, PMID 25600718.

34. Kulkarni, S., P. R., Patel, N, B. S., B. R., & P. A. (2010). Formulation and evaluation of fast
disintegrating meloxicam tablets and its comparison with marketed product. International Journal
of Drug Delivery Technology, 2(2), 8-11. doi: 10.25258/ijddt.v2i2.8846.

35. Lachman, L., Lieberman, H. A., & Kanig, J. L. (1986). The theory and practice of industrial phar-
macy. Lea and Febiger. p. 20.

36. Goodhart, F. W., Draper, J. R., Dancz, D., & Ninger, F. C. (1973). Evaluation of tablet breaking
strength  testers. Journal of Pharmaceutical Sciences, 62(2), 297-304. doi:
10.1002/jps.2600620226, PMID 4686408.

Prnano.com, https://doi.org/10.33218/001c.88223 1 107 Andover House, Andover, MA USA
The official Journal of CLINAM — ISSN:2639-9431 (online) License: CC BY-NC 4.0



37. Rajput, A. P., Patil, V. P., Chaudhari, S. P., & Baviskar, D. T. (2013). Comparative study of
various permeation enhancers for development of sumatriptan succinate buccal tablet. American
Journal of Pharmaceutical Technology Research, 3(1), 742-753.

38. Singh, B., & Beg, S. (2013). Quality by Design in product development life cycle. Chronicle
Pharmabiz, 72-79.

39. Beg, S., Hasnain, M. S., Rahman, M., & Swain, S. (2019). Introduction to quality by design
(QbD): Fundamentals, principles, and applications. In Pharmaceutical Quality by Design Princi-
ples and Applications (pp. 1-17). Academic Press.

40. International Standards Organization. (2009). Risk Management, ISO 31000:2009. Geneva, Swit-
zerland: International Standards Organization.

41. Kaur, G., Rath, G., Heer, H., & Goyal, A. K. (2012). Optimization of the protocell of the silica
nanoparticles using 32 factorial designs. AAPS PharmSciTech, 13, 167-170.

42. Korakianiti, E. S., Rekkas, D. M., Dallas, P. P., & Choulis, N. H. (2000). Optimization of the
pelletization process in a fluid-bed rotor granulator using experimental design. AAPS
PharmSciTech, 1, 35.

43. Prakobvaitayakit, M., & Nimmannit, U. (2003). Optimization of polylactic-co-glycolic acid na-
noparticles containing itraconazole using 23 factorial design. AAPS PharmSciTech, 4, 7.

44, Bolton, S., & Bon, C. (2010). Factorial Designs: In Pharmaceutical Statistics Practical and Clini-
cal Applications (5th ed.). New York: Informa Health Care.

45. Singh, B., Kumar, R., & Ahuja, N. (2004). Optimizing drug delivery systems using systematic
“Design of experiments” part [: Fundamental aspects. Critical Reviews in Therapeutic Drug Car-
rier Systems, 22, 95-106.

46. Solanki, A. B., Parikh, J. R., & Parikh, R. H. (2007). Formulation and optimization of piroxicam
proniosomes by 3-factor, 3-level box-behnken design. AAPS PharmSciTech, 8, 86.

47. Dayal, P., Pillay, V., Babu, R. J., & Singh, M. (2005). Box-behnken experimental design in the
development of a nasal drug delivery system of model drug hydroxyurea: Characterization of
viscosity, in vitro drug release, droplet size, and dynamic surface tension. AAPS PharmSciTech,
6, 72.

48. Pallagi, E., Ambrus, R., Szabo-Revesz, P., & Csoka, 1. (2015). Adaptation of the quality by design
concept in early pharmaceutical development of an intranasal nanosized formulation. Interna-
tional Journal of Pharmaceutics, 491, 384-392.

49. Zhao, X., Liu, J., Hu, Y., Fan, Y., Wang, D., Yuan, J., ... & Jing, Z. (2012). Optimization on
condition of glycyrrhetinic acid liposome by RSM and the research of its immunological activity.
International Journal of Biological Macromolecules, 51, 299-304.

50. Wu, Z. S., Peng, Y. F., Chen, W., Xu, B., Ma, Q., Shi, X. Y., ... & Qiao, Y. J. (2013). NIR spec-
troscopy as a process analytical technology (PAT) tool for monitoring and understanding of a
hydrolysis process. Bioresource Technology, 137, 394-399.

51. Rahman, Z., Zidan, A. S., Habib, M. J., & Khan, M. A. (2010). Understanding the quality of
protein loaded PLGA nanoparticles variability by Plackett-Burman design. International Journal
of Pharmaceutics, 389, 186-194.

52. ICH Quality IWG. (2011). Points to Consider for ICH Q8/Q9/Q10 Guidelines
(EMA/CHMP/ICH/902964/2011). London, United Kingdom: Committee for Human Medicinal
Products.

53. McCurdy, V. (2011). Quality by Design. Weinheim, Germany: Wiley-VCH.

54. Avellanet, J. (2008). Why Quality by Design? An Executive’s Guide to the FDA’s Quality by
Design. Virginia, United States of America: Expert Briefings.

55. Myers, R. H., & Montgomery, D. C. (1995). Response Surface Methodology: Process and Product
Optimization using Designed Experiments. New York: Wiley.

56. The United States pharmacopeia 39/National Formulary 34. (2016). The United States Pharma-
copeial Convention, Inc. Rockville, MD

Prnano.com, https://doi.org/10.33218/001c.88223 1 108 Andover House, Andover, MA USA
The official Journal of CLINAM — ISSN:2639-9431 (online) License: CC BY-NC 4.0



