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Abstract

Recently, advanced and complex artificial intelligence methods have been employed to atomize and optimize drug delivery
procedures. Conventional methods such as multiple linear regression and multilayer perceptron have been replaced with
newer and more accurate methods like deep artificial neural networks and Bayesian regularized artificial neural networks.
Before explaining in depth on the examples of such applications, the chapter begins with the fundamentals of artificial neural
network and how it compares with its biological counterpart. The chapter is then followed by a comprehensive discussion on
various examples of the artificial neural network's roles in research concerning microspheres, lipid-based carriers, liquid
crystals, and solid dispersion. In all research, the finding is that the adoption of newer artificial intelligence methods leads to
a faster and economical drug development process. © 2023 Elsevier Inc. All rights reserved.

Author Keywords
Artificial intelligence; Drug delivery; Microbased formulation

References

« Alshafiee, M., AlAlaween, W.H., Markl, D., Soundaranathan, M., Aimajaan, A., Walton, K.,
Blunt, L., Asare-Addo, K.
A predictive integrated framework based on the radial basis function for the
modelling of the flow of pharmaceutical powders
(2019) Int. J. Pharm., 568.

+« Ebube, N.K., Owusu-Ababio, G., Adeyeye, C.M.
Preformulation studies and characterization of the physicochemical properties of
amorphous polymers using artificial neural networks
(2000) Int. J. Pharm., 196 (1), pp. 27-35.

« AlAlaween, W.H., Mahfouf, M., Salman, A.D.
Predictive modelling of the granulation process using a systems-engineering

approach
(2016) Powder Technol., 302, pp. 265-274.

« Patel, B.M., Gohel, M.C., Thakkar, V.T., Baldaniya, L.H., Christian, R.R., Gandhi, T.R.
Screening of sacrificial excipients for arresting devitrification of itraconazole from
solid dispersion
(2019) Turk. J. Pharm. Sci., pp. 211-219.

« Nikolett, K., Antal, V.
Microparticles, microspheres, and microcapsules for advanced drug delivery
(2019) Sci. Pharm., 87 (20), pp. 1-31.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1787584187 &eid=2-s2.0-85160496113&sort=&clicked... 1/8



5/15/24, 2:36 PM Scopus - Print Document
« Virmani, T., Gupta, J.
Pharmaceutical application of microspheres: an approach for the treatment of
various disease
(2017) Int. J. Pharm. Sci. Res., 8 (8), pp. 3252-3260.

« Madhav, N.V.S., Kala, S.
Review on microparticulate drug delivery system
(2011) Int. J. PharmTech Res., 3 (3), pp. 1242-1254.

« Takayama, K., Fujikawa, M., Nagai, T.
Artificial neural network as a novel method to optimize pharmaceutical formulations
(1999) Pharm. Res., 16 (1), pp. 1-6.

« Labouta, H.I., EI-Khordagui, L.K., Molokhia, A.M., Ghaly, G.M.
Multivariate modeling of encapsulation and release of an ionizable drug from
polymer microspheres
(2009) J. Pharm. Sci., 98 (12), pp. 4603-4615.

« Rodriguez-Dorado, R., Landin, M., Altai, A., Russo, P., Aquino, R.P., Del Gaudio, P.
A novel method for the production of core-shell microparticles by inverse gelation
optimized with artificial intelligent tools
(2018) Int. J. Pharm., 538 (1-2), pp. 97-104.

+ Yuksel, N., Turkoglu, M., Baykara, T.
Modelling of the solvent evaporation method for the preparation of controlled
release acrylic microspheres
(2000) J. Microencapsul., 17 (5), pp. 541-551.

+« Derakhshandeh, K., Hamedi, Z., Karimi, M., Amiri, M., Ahmadi, F.
Formulation optimization of low bioavailable drug loaded alginate microparticles
using artificial neural networks
(2012) J. Rep. Pharm. Sci., 1, p. 49.

« Aliakbarian, B., Sampaio, F.C., de Faria, J.T., Pitangui, C.G., Lovaglio, F., Casazza, A.A.,
Converti, A., Perego, P.
Optimization of spray drying microencapsulation of olive pomace polyphenols
using response surface methodology and artificial neural network
(2018) LWT, 93, pp. 220-228.

« Li, Y., Rauth, A M., Wu, X.Y.
Prediction of kinetics of doxorubicin release from sulfopropyl dextran ion-exchange
microspheres using artificial neural networks
(2005) Eur. J. Pharm. Sci., 24 (5), pp. 401-410.

« Szlek, J., Pactawski, A., Lau, R., Jachowicz, R., Mendyk, A.
Heuristic modeling of macromolecule release from PLGA microspheres
(2013) Int. J. Nanomedicine, 8, pp. 4601-4611.

« Muller, R.H., Mader, K., Gohla, S.
Solid lipid nanoparticles (SLN) for controlled drug delivery: a review of the state of
the art
(2000) Eur. J. Pharm. Biopharm., 50 (1), pp. 161-177.

« Souto, E.B., Muller, R.H.
Lipid nanoparticles (SLN and NLC) for drug delivery
(2007) Nanoparticles for Pharmaceutical Applications, pp. 103-122.
J. Domb, Y. Tabata, M.N.V.R. Kumar, S. Farber (Eds), American Scientific Publishers

« Kulkarni, S.B., Betageri, G.V., Singh, M.
Factors affecting microencapsulation of drugs in liposomes
(1995) J. Microencapsul., 12 (3), pp. 229-246.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1787584187 &eid=2-s2.0-85160496113&sort=&clicked... 2/8



5/15/24, 2:36 PM Scopus - Print Document

« Eastoe, J., Hatzopoulos, M.H.
Microemulsions
(2013) Encyclopedia of Colloid and Interface Science, pp. 688-729.
T. Tadros (Eds), Berlin, Heidelberg: Springer

« Kohane, D.S.
Microparticles and nanoparticles for drug delivery
(2007) Biotechnol. Bioeng., 96 (2), pp. 203-209.

« Perry, S.L., McClements, D.J.
Recent advances in encapsulation, protection, and oral delivery of bioactive
proteins and peptides using colloidal systems
(2020) Molecules, 25 (5).

« Iglesias, C.L., Lopez, E.R., Fernandez, J., Landin, M., Gonzales, C.A.G.
Modeling of the production of lipid microparticles using PGSS technique
(2020) Molecules, 25, pp. 4927-4941.

« Jaspart, S., Piel, G., Delattre, L., Evrard, B.
Solid lipid microparticles: formulation, preparation, characterisation, drug release
and applications
(2005) Expert Opin. Drug Deliv., 2 (1), pp. 75-87.

« Esfandiari, N.
Production of micro and nano particles of pharmaceutical by supercritical carbon
dioxide
(2015) J. Supercrit. Fluids, 100, pp. 129-141.

« Haq, M., Chun, B.S.
Microencapsulation of omega-3 polyunsaturated fatty acids and astaxanthin-rich
salmon oil using particles from gas saturated solutions (PGSS) process
(2018) LWT, 92, pp. 523-530.

« Perinelli, D.R., Bonacucina, G., Cespi, M., Naylor, A., Whitaker, M., Palmieri, G.F.,
Giorgioni, G., Casettari, L.
Evaluation of P(L)LA-PEG-P(L)LA as processing aid for biodegradable particles
from gas saturated solutions (PGSS) process
(2014) Int. J. Pharm., 468 (1-2), pp. 250-257.

« Tokunaga, S., Ono, K., Ito, S., Sharmin, T., Kato, T., Irie, K., Mishima, K., Mishima, K.
Microencapsulation of drug with enteric polymer Eudragit L100 for controlled
release using the particles from gas saturated solutions (PGSS) process
(2021) J. Supercrit. Fluids, 167.

+ de Azevedo, E.G., Jun, L., Matos, H.
(2003) Modeling of particle formation from a gas saturated solution process,
Proceedings of 6th International Symposium on Supercritical Fluids

« Strumendo, M., Bertucco, A., Elvassore, N.
Modeling of particle formation processes using gas saturated solution atomization
(2007) J. Supercrit. Fluids, 41 (1), pp. 115-125.

« Atrooz, O.M.
Effects of alkylresorcinolic lipids obtained from acetonic extract of Jordanian wheat
grains on liposome properties
(2011) Int. J. Biol. Chem., 5 (5), pp. 314-321.

+« Benech, R.O., Kheadr, E.E., Laridi, R., Lacroix, C., Fliss, I.
Inhibition of Listeria innocua in cheddar cheese by addition of nisin Z in liposomes

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1787584187 &eid=2-s2.0-85160496113&sort=&clicked... 3/8



5/15/24, 2:36 PM Scopus - Print Document
or by in situ production in mixed culture
(2002) Appl. Environ. Microbiol., 68 (8), pp. 3683-3690.

« Shehata, T., Ogawara, K.1., Higaki, K., Kimura, T.
Prolongation of residence time of liposome by surface-modification with mixture of
hydrophilic polymers
(2008) Int. J. Pharm., 359 (1-2), pp. 272-279.

« Subramanian, N., Yajnik, A., Murthy, R.S.R.
Artificial neural network as an alternative to multiple regression analysis in
optimizing formulation parameters of cytarabine liposomes
(2004) AAPS PharmSciTech, 5 (1).

« Pereira, A., Barbosa, V., Fernandes, M., Finkler, C., Finkler, L.
Comparative analyses of response surface methodology and artificial neural
networks on incorporating tetracaine into liposomes
(2020) Braz. J. Pharm. Sci., 56, pp. 1-15.

« Desai, K.M., Survase, S.A., Saudagar, P.S., Lele, S.S., Singhal, R.S.
Comparison of artificial neural network (ANN) and response surface methodology
(RSM) in fermentation media optimisation: case study of fermentative production of
scleroglucan
(2008) Biochem. Eng. J., 41 (3), pp. 266-273.

« Hathout, R.M., Gad, H.A., Metwally, A.A.
Gelatinized-core liposome: towards a more robust carrier for hydrophilic molecules
(2017) J. Biomed. Mater. Res. A, 105 (11), pp. 3086-3092.

+« Moussa, H.G., Husseini, G.A., Abel-Jabbar, N., Ahmad, S.E.
Use of model predictive control and artificial neural networks to optimize the
ultrasonic release of a model drug from liposomes
(2017) IEEE Trans. Nanobioscience, 16 (3), pp. 149-156.

« Kreilgaard, M.
Influence of microemulsions on cutaneous drug delivery
(2002) Adv. Drug Deliv. Rev., 54, pp. S77-S98.

« Lawrence, M.J.
Microemulsions as drug delivery vehicles
(1996) Curr. Opin. Colloid Interface Sci., pp. 826-832.

« Bidyut, K.P., Satya, P.M.
Uses and applications of microemulsions. Special section: soft condensed matter
(2001) Curr. Sci., 80 (8), pp. 990-1001.

« Fanun, M.
(2019) Microemulsions Properties and Applications,
CRC Press

« Constantinides, P.P., Scalart, J.P.
Formulation and physical characterization of water in oil microemulsions containing
long versus medium-chain glycerides
(1997) Int. J. Pharm., 158 (1), pp. 57-68.

+« Zana, R.
(2005) Dynamics of Surfactant Self-Assemblies: Micelles, Microemulsions, Vesicles and
Lyotropic Phases,
CRC Press

« Schwuger, M.J., Stickdorn, K.
Microemulsions in technical processes

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1787584187 &eid=2-s2.0-85160496113&sort=&clicked... 4/8



5/15/24, 2:36 PM Scopus - Print Document
(1995) Chem. Rev., 95 (4), pp. 849-864.

« Mendyk, A., Jachowicz, R.
Unified methodology of neural analysis in decision support systems built for
pharmaceutical technology
(2007) Expert Syst. Appl., 32 (4), pp. 1124-1131.

« Djekic, L., lbric, S., Primorac, M.
Application of artificial neural networks (ANNS)
(2011) Development of Pharmaceutical Microemulsions: Focus on Artificial Neural, pp. 1-
28.
Nova Science Publishers, Inc.

« Richardson, C.J., Mbanefo, A., Aboofazeli, R., Lawrence, M.J., Barlow, D.J.
Prediction of phase behavior in microemulsion systems using artificial neural
networks
(1997) J. Colloid Interface Sci., 187 (2), pp. 296-303.

« Alany, R.G., Agatonovic-Kustrin, S., Rades, T., Tucker, |.G.
Use of artificial neural networks to predict quaternary phase systems from limited
experimental data
(1999) J. Pharm. Biomed. Anal., 19 (3-4), pp. 443-452.

« Jachowicz, R.
ME_expert — a neural decision support system as a tool in the formulation of
microemulsions
(2006) Biocybern. Biomed. Eng., 26 (4), pp. 25-32.

« Agatonovic-Kustrin, S., Glass, B.D., Wisch, M.H., Alany, R.G.
Prediction of a stable microemulsion formulation for the oral delivery of a
combination of antitubercular drugs using ANN methodology
(2003) Pharm. Res., 20 (11), pp. 1760-1765.

« Glass, B.D., Agatonovic-Kustrin, S., Wisch, M.H.
Artificial neural networks to optimize formulation components of a fixed-dose
combination of rifampicin, isoniazid and pyrazinamide in a microemulsion
(2005) Curr. Drug Discov. Technol., 2 (3), pp. 195-201.

« Guo, C., Wang, J., Cao, F,, Lee, R.J., Zhai, G.
Lyotropic liquid crystal systems in drug delivery
(2010) Drug Discov. Today, 15 (23-24), pp. 1032-1040.

« Rajak, P., Nath, L.K., Bhuyan, B.
Liquid crystals: an approach in drug delivery
(2019) Indian J. Pharm. Sci., 81 (1), pp. 11-23.

« Andrienko, D.
Introduction to liquid crystals
(2018) J. Mol. Liq., 267, pp. 520-541.

« Lancelot, A., Sierra, T., Serrano, J.L.
Nanostructured liquid-crystalline particles for drug delivery
(2014) Expert Opin. Drug Deliv., 11 (4), pp. 547-564.

«+ Dierking, I., Al-Zangana, S.
Lyotropic liquid crystal phases from anisotropic nanomaterials
(2017) Nanomaterials, 7 (10).

« Jakli, A., Saupe, A.
(2006) One- and Two-Dimensional Fluids: Properties of Smectic, Lamellar and Columnar

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1787584187 &eid=2-s2.0-85160496113&sort=&clicked... 5/8



5/15/24, 2:36 PM Scopus - Print Document
Liquid Crystals,
CRC Press

« Siddig, M.A., Radiman, S., Muniandy, S.V., Jan, L.S.
Structure of cubic phases in ternary systems glucopone/water/hydrocarbon
(2004) Colloids Surf. A Physicochem. Eng. Asp., 236 (1-3), pp. 57-67.

« Calixto, G.M.F., Bernegossi, J., De Freitas, L.M., Fontana, C.R., Chorilli, M., Grumezescu,
A.M.
Nanotechnology-based drug delivery systems for photodynamic therapy of cancer:
a review
(2016) Molecules, 21 (3).

« Li, Y, Dong, C., Cun, D, Liu, J., Xiang, R., Fang, L.
Lamellar liquid crystal improves the skin retention of 3-O-ethyl-ascorbic acid and
potassium 4-methoxysalicylate in vitro and in vivo for topical preparation
(2016) AAPS PharmSciTech, 17 (3), pp. 767-777.

« Agatonovic-Kustrin, S., Alany, R.G.
Role of genetic algorithms and artificial neural networks in predicting the phase
behavior of colloidal delivery systems
(2001) Pharm. Res., 18 (7), pp. 1049-1055.

« Le, B.T.C., Tran, N., Mulet, X., Winkler, D.A.
Modeling the influence of fatty acid incorporation on mesophase formation in
amphiphilic therapeutic delivery systems
(2016) Mol. Pharm., 13 (3), pp. 996-1003.

« Le, T.C., Tran, N.
Using machine learning to predict the self-assembled nanostructures of monoolein
and phytantriol as a function of temperature and fatty acid additives for effective
lipid-based delivery systems
(2019) ACS Appl. Nano Mater., 2 (3), pp. 1637-1647.

« Le, T.C., Conn, C.E., Burden, F.R., Winkler, D.A.
Computational modeling and prediction of the complex time-dependent phase
behavior of lyotropic liquid crystals under in meso crystallization conditions
(2013) Cryst. Growth Des., 13 (3), pp. 1267-1276.

« Sigaki, H.Y.D., Lenzi, E.K., Zola, R.S., Perc, M., Ribeiro, H.V.
Learning physical properties of liquid crystals with deep convolutional neural
networks
(2020) Sci. Rep., 10 (1).

« Sigaki, H.Y.D., De Souza, R.F.,, De Souza, R.T., Zola, R.S., Ribeiro, H.V.
Estimating physical properties from liquid crystal textures via machine learning and
complexity-entropy methods
(2019) Phys. Rev. E, 99 (1).

« Hallouard, F., Mehenni, L., Lahiani-Skiba, M., Anouar, Y., Skiba, M.
Solid dispersions for oral administration: an overview of the methods for their
preparation
(2016) Curr. Pharm. Des., 22 (32), pp. 4942-4958.

« Sekiguchi, K., Obi, N.
Studies on absorption of eutectic mixture. I. A comparison of the behavior of
eutectic mixture of sulfathiazole and that of ordinary sulfathiazole in man
(1961) Chem. Pharm. Bull., pp. 866-872.

« Tran, P, Pyo, Y.C,, Kim, D.H., Lee, S.E., Kim, J.K., Park, J.S.
Overview of the manufacturing methods of solid dispersion technology for

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1787584187 &eid=2-s2.0-85160496113&sort=&clicked...

6/8



5/15/24, 2:36 PM Scopus - Print Document
improving the solubility of poorly water-soluble drugs and application to anticancer
drugs
(2019) Pharmaceutics, 11 (3).

« Vasconcelos, T., Sarmento, B., Costa, P.
Solid dispersions as strategy to improve oral bioavailability of poor water-soluble
drugs
(2007) Drug Discov. Today, pp. 1068-1075.

« Zhang, X., Xing, H., Zhao, Y., Ma, Z.
Pharmaceutical dispersion techniques for dissolution and bioavailability
enhancement of poorly water-soluble drugs
(2018) Pharmaceutics, 10 (3).

« Politis, S.N., Colombo, P., Colombo, G., Rekkas, D.M.
Design of experiments (DoE) in pharmaceutical development
(2017) Drug Dev. Ind. Pharm., 43 (6), pp. 889-901.

« Takayama, K., Fujikawa, M., Obata, Y., Morishita, M.
Neural network based optimization of drug formulations
(2003) Adv. Drug Deliv. Rev., 55 (9), pp. 1217-1231.

« Mendyk, A., Jachowicz, R.
Neural network as a decision support system in the development of pharmaceutical
formulation — focus on solid dispersions
(2005) Expert Syst. Appl., 28 (2), pp. 285-294.

« Barmpalexis, P., Kachrimanis, K., Georgarakis, E.
Solid dispersions in the development of a nimodipine floating tablet formulation and
optimization by artificial neural networks and genetic programming
(2011) Eur. J. Pharm. Biopharm., 77 (1), pp. 122-131.

« Medarevi¢, D.P., Kleinebudde, P., Djuri$, J., Djuri¢, Z., lbri¢, S.
Combined application of mixture experimental design and artificial neural networks
in the solid dispersion development
(2016) Drug Dev. Ind. Pharm., 42 (3), pp. 389-402.

« Han, R,, Xiong, H., Ye, Z., Yang, Y., Huang, T., Jing, Q., Lu, J., Ouyang, D.
Predicting physical stability of solid dispersions by machine learning techniques
(2019) J. Control. Release, 311-312, pp. 16-25.

« Damiati, S.A.
Digital pharmaceutical sciences
(2020) AAPS PharmSciTech, 21 (6).

+ Davis, S.S.
Coming of age of lipid-based drug delivery systems
(2004) Adv. Drug Deliv. Rev., 56 (9), pp. 1241-1242.

« Jaafar-Maalej, C., Elaissari, A., Fessi, H.
Lipid-based carrier: manufacturing and application for pulmonary route
(2012) Expert Opin. Drug Deliv., 9 (9), pp. 1111-1127.

« Li, J., Ghatak, S., El Masry, M.S., Das, A., Liu, Y., Roy, S., Lee, R.J., Sen, C.K.
Topical lyophilized targeted lipid nanoparticles in the restoration of skin barrier
function following burn wound
(2018) Mol. Ther., 26 (9), pp. 2178-2188.

« Talluri, S.V., Kuppusamy, G., Karri, V.V.S.R., Tummala, S., Madhunapantula, S.V.
Lipid-based nanocarriers for breast cancer treatment — comprehensive review
(2016) Drug Deliv., 23 (4), pp. 1291-1305.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1787584187 &eid=2-s2.0-85160496113&sort=&clicked...

7/8



5/15/24, 2:36 PM Scopus - Print Document
Publisher: Elsevier

ISBN: 9780323899253; 9780323903738

Language of Original Document: English

Abbreviated Source Title: A Handb. of Artificial Intelligence in Drug Delivery
2-s2.0-85160496113

Document Type: Book Chapter

Publication Stage: Final

Source: Scopus

ELSEVIER Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. G _RELX Group™

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1787584187 &eid=2-s2.0-85160496113&sort=&clicked... 8/8



