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Abstract:  
From the past two decades, technological advancements in science and chemistry made possible many new drug delivery 
systems that have the potential to completely change the course of routine therapeutic ways.  Lipid and polymer-based 
drug delivery systems are considered to be the pillars of many drug dosage forms, irrespective of their route of 
administration. With increasing knowledge on their chemistry, lipids and polymers are being modified and used as potential 
novel drug delivery systems with smart polymers and lipid nanotechnology paving the way for efficient drug delivery into 
the patient. This review article covers the swing of these drug delivery systems in the current market and interpreting all 
this from a health care professional’s point of view. 
Keywords: Gene delivery, Lipid based drug delivery, Polymer based drug delivery, Target specific drugs, Solid lipid 
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Introduction:  

Lipids and polymers have always been major components 
for drug dosage forms. Earlier for centuries lipids and 
polymers were extracted from natural sources, but recent 
advancements have made possible manufacturing of many 
synthetic and semi-synthetic lipids and polymers providing 
drug formulators with many options for synthesizing 
efficient drug delivery system for different administration 
routes [1]. Although they are different in structures, they 
are usually appointed for similar roles. However certain 
major differences such as melting point, bioavailability, and 
some mechanical properties make them assigned in 
different roles. The main aim of all the health care 
professionals is to provide the patient with efficient 
treatment preferably with target-specific drugs which 
would give better results. Lipid and polymer-based drug 
delivery systems made this possible [2]. The main factors 
that determine the efficacy of a drug are bioavailability, 
safety, and stability; these drug delivery systems are 
showing promising results in all these factors. However 
certain precautions are followed by clinicians and other 
health care professionals before formulating, 
manufacturing, and prescribing these systems via different 
administration routes [3]. 

 
Results of several clinical trials 

on these drug delivery systems gave optimistic outcomes 
and post-marketing surveillance reports are also positive 
except in some cases. HPLC is used to determine the 
quality and to estimate and validate [4][5]. 
Nanoethosomes and nanoemulsions are revolutionary 
carrier systems promoting better drug delivery and 
bioavailability [6] [7]. Chitosan and Alginate, these natural 
polymers are in use for drug delivery for the past decade 
[8][9][10]. In the same way nanofibres and nanowires are 

suitable and favorable for tissue engineering and bio-
sensible applications and are manufactured by a process 
known as electro-spinning [11][12][13]. Synthetic polymers 
such as polyvinylpyrrolidone (PVP) are used in industries 
for dispensing and suspending drugs [14][15]. PVP is also in 
consideration for manufacturing a controlled drug delivery 
system for COVID-19 treatment [16]. Liposomes are also 
modified into a thin film for use as trans-dermal patch for 
treatment of various ailments [17]. 

TRENDS IN MARKETED LIPID AND POLYMER BASED DRUG 
DELIVERY SYSTEMS: 

An overview of recent advancements in lipid and polymer-
based drug delivery systems that are in the market 
approved and prescribed by health care professionals and 
showing promising results. 

1. Controlled release matrix systems [18]: 

Polymeric tablets are much suitable for the manufacturing 
of these systems with different dosage ranges. 

Example of polymers: Vinyl polymers, Methylcellulose, 
polysaccharides. 

Drugs Example: Verapamil [19] 

2. Lipids and Self emulsifying drug delivery system 
[20][21]: 

Lipid-based excipients are widely used now to formulate 
Self-emulsifying drug delivery system(SNEDDS and 
SMEDDS) [22] to increase bioavailability. 

Example: Medium-chain triglycerides 

Drugs: Ritonavir 

3. Amorphous solid dispersions [23]: 
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Polymers are used to stabilize the dispersion. Polymers are 
also used for coating purpose [24]. 

Example: ω-carboxyalkanoate-modified cellulose polymers 

Drug: To stabilize Rifampin [25] 

4. Lipidic and polymeric vesicles [26]: 

Liposomes and polymersomes are used to load and deliver 
hydrophobic and hydrophilic drugs in a controlled way. 
Okra- thioglycolic conjugate is used as a mucoadhesive 
polymer [27]. 

Example: PEGylated liposome 

Drug: Formulation of Doxorubicin for AIDS/Multiple 
myeloma/ovarian cancer [28] 

5. Polymer-based micelles and nanoparticles [29][30]: 

Polymer-based nanoparticles and block copolymer micelles 
are the most advanced outcomes. 

Example: PEG-b-poly micelle system [31] [32] 

Drug: Triolimus (Paclitaxel, Rapamycin, 
demethoxygeldanamycin) [33][34][35] 

6. Lipid and Polymer-based nanocarriers for pulmonary 
nucleic acid delivery [36]: 

Lipoplexes and Polyplexes are the most potential 
nanocarriers  for the delivery of nucleic acid to the lungs. 
Zein a natural polymer is also used for gene delivery 
[37][38]. 

7. Smart polymers for drug delivery [28][29][39]: 

These drug delivery systems are sensitive to stimuli such as 
temperature, light, pH, and also known as intelligent drug 
delivery systems. 

Example: In- situ gel; These are in solution form before 
entering the body and after administration into the body 
undergoes gelation and converts into gel (PLGA) 
[40][41][42]. 

CLINICIAN’S PERSPECTIVE IN PRESCRIBING MARKETED 
LIPID/POLYMER-BASED DELIVERY SYSTEMS TO PATIENTS: 

With growing interest in the field of chemistry of various 
molecules, the technology is moving forward at a high 
pace. The same is with the advancements in drug dosage 
and delivery systems [43][44]. Various new drug delivery 
systems with lipids and polymers as backbone are proving 
effective in many therapies and clinicians all over are 
prescribing these drug delivery systems for better 
treatment. As per statistics the patients who were treated 
with novel lipid or polymer-based drug delivery system via 
various administration routes showed better results when 
compared to other studies. For example proliposomal gel 

has been proven as an effective topical pharmacotherapy 
[45][46][47]. 

Health care professionals aim for better treatment of 
patients with zero adverse effects and complete therapy, 
hence formulators and pharmaceutical companies aim to 
manufacture these lipids and polymer-based drug delivery 
system to promote better bioavailability and safety 
[48][49]. Health care professional’s review and feedback is 
also most important when it comes to formulation of these 
novel drug delivery systems as after clinical trials the 
clinicians and other health care professionals are the ones 
who treat ‘n’ number of patients hence observe and 
understand the complete safety and efficacy of these drug 
delivery systems in patients [50][51][52]. 

However, before prescribing drugs which are lipid and 
polymer-based the health care professional needs to 
follow some precautions to prevent any adverse effects in 
the patients [53].  In hypertension patients,  lipid-based 
drugs need to be cautiously given or avoided because they 
may have some serious effects on the patient. Also, the 
previous medication history of the patients needs to be 
understood by the clinician or doctor to check if there may 
be any serious interactions between the drugs [54][55]. 
Also any -pre-existing medical conditions or diseases 
should be monitored to promote better efficacy and safety 
of the drug [56]. The major problems for any dosage forms 
are bioavailability, safety, efficacy, and stability. The main 
goal for formulators is to manufacture a dosage form with 
increased bioavailability, better efficacy, and stability and 
also to promote safety in patients [57][58]. The major 
advantage in polymer and lipid-based drug carrier systems 
is increased bioavailability in patients. Targeted therapy is 
more efficient through lipid and polymer-based carrier 
systems, due to which the bioavailability is increased and 
therapy is escalated [59][60]. 

Conclusion: 

After centuries of use of lipids and polymers for various 
health uses, the complete potential of them is slowly 
unraveling with advancements in technology. Both lipids 
and polymers have major skillfulness which are giving 
fascinating results in different routes of administration and 
also different compositions. Healthcare professionals and 
clinicians should first thoroughly understand lipid and 
polymer-based carrier systems and any adverse effects 
they may have on patients with pre-existing health 
conditions. These carrier systems have a great potential to 
pave way for many breakthrough therapeutic inventions 
and clinicians play a major role in understanding the 
complete efficacy and capability of these drug carrier 
systems in all groups of patients. Ultimately for clinicians, 
polymers, and lipids based carrier systems remain 
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indispensable tools to address the challenges posed by 
certain complex diseases. 

References: 

1. Aburahma, M. H., &Badr-Eldin, S. M. (2014). 
Compritol 888 ATO: a multifunctional lipid excipient 
in drug delivery systems and nanopharmaceuticals 
Expert opinion on drug delivery, 11(12), 1865-1883. 

2. Adams, D., Gonzalez-Duarte, A., O’Riordan, W.D., 
Yang, C.-C., Ueda, M., Kristen, A.V., Tournev, I., 
Schmidt, H.H., Coelho, T., Berk, J.L., Lin, K.-P., Vita, G., 
Attarian, S., Planté-Bordeneuve, V., Mezei, M.M., 
Campistol, J.M., Buades, J., Brannagan, T.H., Kim, B.J., 
Oh, J., Parman, Y., Sekijima, Y., Hawkins, P.N., 
Solomon, S.D., Polydefkis, M., Dyck, P.J., Gandhi, P.J., 
Goyal, S., Chen, J., Strahs, A.L., Nochur, S.V., 
Sweetser, M.T., Garg, P.P., Vaishnaw, A.K., Gollob, 
J.A., Suhr, O.B., 2018. Patisiran, an RNAi therapeutic, 
for hereditary transthyretin amyloidosis. New Engl. J. 
Med. 379, 11–21.  

3. Ahmed, F., Pakunlu, R. I., Brannan, A., Bates, F., 
Minko, T., &Discher, D. E. (2006). Biodegradable 
polymersomes loaded with both paclitaxel and 
doxorubicin permeate and shrink tumors, inducing 
apoptosis in proportion to accumulated drug. Journal 
of Controlled Release, 116(2), 150-158. 

4. Kurakula,  M, Mohd, A. B., A, P. R., & Diwan, P. V. 
(2011a). Estimation of Prednisolone in Proliposomal 
formulation using RP HPLC method . Int. J. Res. 
Pharm. Biomed. Sci. 2011; 2: 663, 2(4), 1663–1669. 

5. Kurakula, M., Sobahi, T. R., El-Helw, A., & Abdelaal, M. 
Y. (2014). Development and validation of a RP-HPLC 
method for assay of atorvastatin and its application in 
dissolution studies on thermosensitive hydrogel-
based nanocrystals. Tropical Journal of 
Pharmaceutical Research, 13(10), 1681–1687. 
https://doi.org/10.4314/tjpr.v13i10.16. 

6. Kurakula, M., El-Helw, A. M., Sobahi, T. R., & Abdelaal, 
M. Y. (2015). Chitosan based atorvastatin 
nanocrystals: Effect of cationic charge on particle size, 
formulation stability, and in-vivo efficacy. 
International Journal of Nanomedicine, 10, 321–334. 
https://doi.org/10.2147/IJN.S77731. 

7. Alhakamy, N. A., Ahmed, O. A. A., Kurakula, M., 
Caruso, G., Caraci, F., Asfour, H. Z., Alfarsi, A., Eid, B. 
G., Mohamed, A. I., Alruwaili, N. K., Abdulaal, W. H., 
Fahmy, U. A., Alhadrami, H. A., Eldakhakhny, B. M., & 
Abdel-Naim, A. B. (2020). Chitosan-based 
microparticles enhance ellagic acid’s colon targeting 
and proapoptotic activity. Pharmaceutics, 12(7), 1–14. 
https://doi.org/10.3390/pharmaceutics12070652 

8. Alhakamy, N. A., Fahmy, U. A., Ahmed, O. A. A., 
Caruso, G., Caraci, F., Asfour, H. Z., Bakhrebah, M. A., 
Alomary, M. N., Abdulaal, W. H., Okbazghi, S. Z., 

Abdel-Naim, A. B., Eid, B. G., Aldawsari, H. M., 
Kurakula, M., & Mohamed, A. I. (2020). Chitosan 
coated microparticles enhance simvastatin colon 
targeting and pro-apoptotic activity. Marine Drugs, 
18(4), 226. https://doi.org/10.3390/md18040226 

9. Hasnain, M. S., Kiran, V., Kurakula, M., Rao, G. K., 
Tabish, M., & Nayak, A. K. (2020). Use of alginates for 
drug delivery in dentistry. In Alginates in Drug 
Delivery (pp. 387–404). Elsevier. 
https://doi.org/10.1016/b978-0-12-817640-5.00015-7 

10.  Hasnain, M. S., Nayak, A. K., Kurakula, M., & Hoda, M. 
N. (2020). Alginate nanoparticles in drug delivery. In 
Alginates in Drug Delivery (pp. 129–152). Elsevier.  

11. https://doi.org/10.1016/b978-0-12-817640-5.00006-
6. 

12.  Murali, V. P., Fujiwara, T., Gallop, C., Wang, Y., 
Wilson, J. A., Atwill, M. T., Kurakula, M., & 
Bumgardner, J. D. (2020). Modified electrospun 
chitosan membranes for controlled release of 
simvastatin. International Journal of Pharmaceutics, 
584, 119438. 
https://doi.org/10.1016/j.ijpharm.2020.119438 

13.  Abdelhady, S., Honsy, K. M., & Kurakula, M. (2015). 
Electro Spun- Nanofibrous Mats: A Modern Wound 
Dressing Matrix with a Potential of Drug Delivery and 
Therapeutics. Journal of Engineered Fibers and 
Fabrics, 10 (4), 155892501501000. 
https://doi.org/10.1177/155892501501000411. 

14.   Rao, G. K., Kurakula, M., & Yadav, K. S. (2020). 
Application of Electrospun Materials in Gene 
Delivery. Electrospun Materials and Their Allied 
Applications, 265-
306.https://doi.org/10.1002/9781119655039.ch10 

15.  Kurakula, M., & Rao, G. S. N. K. (2020). 
Pharmaceutical assessment of polyvinylpyrrolidone 
(PVP): As excipient from conventional to controlled 
delivery systems with a spotlight on COVID-19 
inhibition. Journal of Drug Delivery Science and 
Technology, 60, 102046. 
https://doi.org/10.1016/j.jddst.2020.102046 

16.  Kurakula, M., & Koteswara Rao, G. S. N. (2020). 
Moving polyvinyl pyrrolidone electrospun nanofibers 
and bioprinted scaffolds toward multidisciplinary 
biomedical applications. European Polymer Journal, 
136, 109919. 
https://doi.org/10.1016/j.eurpolymj.2020.109919. 

17.  Kurakula, M., & Rao, G. K. (2020). Type of Article: 
REVIEW Pharmaceutical Assessment of 
Polyvinylpyrrolidone (PVP): As Excipient from 
Conventional to Controlled Delivery Systems with a 
Spotlight on COVID-19 Inhibition. Journal of Drug 
Delivery Science and Technology, 102046. 

18. Ahmed, O. A. A., Kurakula, M., Banjar, Z. M., Afouna, 
M. I., &Zidan, A. S. (2015). Quality by design coupled 



Kallem Sharat Venkat Reddy  International Journal of Medical Science and Diagnosis Research (IJMSDR) 
 

4 | P a g e  
 

with near infrared in formulation of transdermal 
glimepiride liposomal films. Journal of Pharmaceutical 
Sciences, 104(6), 2062–2075. 
https://doi.org/10.1002/jps.24448. 

 
19. Mora-Huertas, C. E., Fessi, H., &Elaissari, A. (2010). 

Polymer-based nanocapsules for drug delivery 
International journal of pharmaceutics, 385(1-2), 113-
142. 

20. Bhatia, S. (2016). Natural polymer drug delivery 
systems (pp. 95-118). Basel, Switzerland:: Springer 
international publishing. 

21. Hosny, K. M., Aldawsari, H. M., Bahmdan, R. H., Sindi, 
A. M., Kurakula, M., Alrobaian, M. M., Aldryhim, A. Y., 
Alkhalidi, H. M., Bahmdan, H. H., Khallaf, R. A., & El 
Sisi, A. M. (2019). Preparation, Optimization, and 
Evaluation of Hyaluronic Acid-Based Hydrogel Loaded 
with Miconazole Self-Nanoemulsion for the 
Treatment of Oral Thrush. AAPS PharmSciTech, 20(7), 
297. https://doi.org/10.1208/s12249-019-1496-7. 

22. Venkatesh, M., & Mallesh, K. (2013). Self-Nano 
Emulsifying Drug Delivery System (Snedds) for Oral 
Delivery of Atorvastatin- Formulation and 
Bioavailability Studies. Journal of Drug Delivery and 
Therapeutics, 3(3), 131–140. 
https://doi.org/10.22270/jddt.v3i3.517. 

23. Sahatjian, R. (1994). U.S. Patent No. 5,304,121. 
Washington, DC: U.S. Patent and Trademark Office. 

24. Vanitasagar, S., Srinivas, C., Subhashini, N. J. P., & 
Mallesh, K. (2012). Solid dispersion-a comparative 
study on the dissolution rate of aceclofenac. 
International Journal of Pharmacy and 
Pharmaceutical Sciences, 4(SUPPL.3), 274–278. 

25. Kurakula, M., Naveen, N. R., & Yadav, K. S. (2020). 
Formulations for Polymer Coatings. Polymer Coatings, 
415–443. 
https://doi.org/10.1002/9781119655145.ch19 

26. Zhang, L., Chan, J. M., Gu, F. X., Rhee, J. W., Wang, A. 
Z., Radovic-Moreno, A. F., ... &Farokhzad, O. C. 
(2008). Self-assembled lipid− polymer hybrid 
nanoparticles: a robust drug delivery platform. ACS 
nano, 2(8), 1696-1702. 

27. Son, G. H., Lee, B. J., & Cho, C. W. (2017). Mechanisms 
of drug release from advanced drug formulations 
such as polymeric-based drug-delivery systems and 
lipid nanoparticles. Journal of Pharmaceutical 
Investigation, 47(4), 287-296. 

28. Naveen, N. R., Gopinath, C., & Kurakula, M. (2020). 
Okra-thioglycolic acid conjugate-synthesis, 
characterization, and evaluation as a mucoadhesive 
polymer. Processes, 8(3), 316. 
https://doi.org/10.3390/pr8030316 

29. Müllertz, A., Ogbonna, A., Ren, S., &Rades, T. (2010). 
New perspectives on lipid and surfactant based drug 

delivery systems for oral delivery of poorly soluble 
drugs. Journal of pharmacy and 
pharmacology, 62(11), 1622-1636. 

30. Raghavendra Naveen, N., Kurakula, M., & Gowthami, 
B. (2020). Process optimization by response surface 
methodology for preparation and evaluation of 
methotrexate loaded chitosan nanoparticles. 
Materials Today: Proceedings. 
https://doi.org/10.1016/j.matpr.2020.01.491. 

31. Wasan, K. M. (2001). Formulation and physiological 
and biopharmaceutical issues in the development of 
oral lipid-based drug delivery systems. Drug 
development and industrial pharmacy, 27(4), 267-
276. 

32. Constien, R., Geick, A., Hadwiger, P., Haneke, T., 
Ickenstein, L. M., Prata, C. A. H., ... & Weide, T. 
(2016). U.S. Patent No. 9,433,681. Washington, DC: 
U.S. Patent and Trademark Office. 

33. Kurakula, M., Rao, G. K., Kiran, V., Hasnain, M. S., & 
Nayak, A. K. (2020). Alginate-based hydrogel systems 
for drug releasing in wound healing. In Alginates in 
Drug Delivery (pp. 323–358). Elsevier. 
https://doi.org/10.1016/b978-0-12-817640-5.00013-
3. 

34. Porter, C. J., Pouton, C. W., Cuine, J. F., &Charman, W. 
N. (2008). Enhancing intestinal drug solubilisation 
using lipid-based delivery systems. Advanced drug 
delivery reviews, 60(6), 673-691. 

35. Li, P., Nielsen, H. M., &Müllertz, A. (2012). Oral 
delivery of peptides and proteins using lipid-based 
drug delivery systems. Expert opinion on drug 
delivery, 9(10), 1289-1304. 

36. Chime, S. A., &Onyishi, I. V. (2013). Lipid-based drug 
delivery systems (LDDS): Recent advances and 
applications of lipids in drug delivery. African Journal 
of Pharmacy and Pharmacology, 7(48), 3034-3059. 

37. Meilander, N. J., Yu, X., Ziats, N. P., & Bellamkonda, R. 
V. (2001). Lipid-based microtubular drug delivery 
vehicles. Journal of controlled release, 71(1), 141-152. 

38. Naguib, G. H., Hassan, A. H., Al-Hazmi, F., Kurakula, 
M., Al-Dharrabh, A., Alkhalidi, H. M., Al-Ahdal, A. M., 
Hamed, M. T., & Pashley, D. H. (2017). Zein based 
magnesium oxide nanowires: Effect of anionic charge 
on size, release and stability. Digest Journal of 
Nanomaterials and Biostructures, 12(3), 741–749. 

39. Naguib, Ghada Hussein, Al-Hazmi, F. E., Kurakula, M., 
Abdulaziz Al-Dharrab, A., Mohamed Hosny, K., 
Mohammed Alkhalidi, H., Tharwat Hamed, M., 
Habiballah Hassan, A., Al-Mohammadi, A. M., 
Mohamed Alnowaiser, A., & Henry Pashley, D. (2018). 
Zein coated zinc oxide nanoparticles: Fabrication and 
antimicrobial evaluation as dental aid. International 
Journal of Pharmacology, 14(8), 1051–1059. 
https://doi.org/10.3923/ijp.2018.1051.1059 



Kallem Sharat Venkat Reddy  International Journal of Medical Science and Diagnosis Research (IJMSDR) 
 

5 | P a g e  
 

40. Sourovoi, A., & Jung, G. (2002). U.S. Patent No. 
6,458,381. Washington, DC: U.S. Patent and 
Trademark Office. 

41. Kurakula, M., & Raghavendra Naveen, N. (2020). In 
situ gel loaded with chitosan-coated simvastatin 
nanoparticles: Promising delivery for effective anti-
proliferative activity against tongue carcinoma. 
Marine Drugs, 18(4), 201. 
https://doi.org/10.3390/md18040201. 

42. Kurakula, M., Ahmed, O. A. A., Fahmy, U. A., & 
Ahmed, T. A. (2016). Solid lipid nanoparticles for 
transdermal delivery of avanafil: optimization, 
formulation, in-vitro and ex-vivo studies. Journal of 
Liposome Research, 26(4), 288–296. 
https://doi.org/10.3109/08982104.2015.1117490 

43. Kurakula, M., & A. Ahmed, T. (2015). Co-Delivery of 
Atorvastatin Nanocrystals in PLGA based in situ Gel 
for Anti-Hyperlipidemic Efficacy. Current Drug 
Delivery, 13(2), 211–220. 
https://doi.org/10.2174/15672018136661511091027
18. 

44. Park, T. G., Cohen, S., & Langer, R. S. (1994). U.S. 
Patent No. 5,330,768. Washington, DC: U.S. Patent 
and Trademark Office. 

45. Chen, J., Ashton, P., & Smith, T. (2003). U.S. Patent 
Application No. 10/134,033. 

46. Mallesh, K., Pasula, N., & Kumar Ranjith, C. P. (2012). 
Piroxicam proliposomal gel: a novel approach for 
tropical delivery. Journal of Pharmacy Research, 5(3), 
1755–1763. 

47. Kurakula, M., Srinivas, C., Kasturi, N., & Diwan, P. V. 
(2012). Formulation and Evaluation of Prednisolone 
Proliposomal Gel for Effective Topical 
Pharmacotherapy. International Journal of 
Pharmaceutical Sciences and Drug Research, 4(1), 35. 
www.ijpsdr.com. 

48. Asadujjaman, M. D., &Mishuk, A. U. (2013). Novel 
approaches in lipid based drug delivery 
systems. Journal of Drug Delivery and 
Therapeutics, 3(4), 124-130. 

49. Bally, M. B., Lim, H., Cullis, P. R., & Mayer, L. D. 
(1998). Controlling the drug delivery attributes of 
lipid-based drug formulations. Journal of Liposome 
Research, 8(3), 299-335. 

50. Langer, R. (1993). Polymer-controlled drug delivery 
systems. Accounts of chemical research, 26(10), 537-
542. 

51. Zhang, S., Xu, Y., Wang, B., Qiao, W., Liu, D., & Li, Z. 
(2004). Cationic compounds used in lipoplexes and 

polyplexes for gene delivery. Journal of controlled 
release, 100(2), 165-180. 

52. Bragonzi, A., Boletta, A., Biffi, A., Muggia, A., Sersale, 
G., Cheng, S. H., ... & Conese, M. A. S. S. I. M. O. 
(1999). Comparison between cationic polymers and 
lipids in mediating systemic gene delivery to the 
lungs. Gene therapy, 6(12), 1995-2004. 

53. Schultz, H. B., Thomas, N., Rao, S., &Prestidge, C. A. 
(2018). Supersaturated silica-lipid hybrids (super-
SLH): An improved solid-state lipid-based oral drug 
delivery system with enhanced drug 
loading. European Journal of Pharmaceutics and 
Biopharmaceutics, 125, 13-20. 

54. Wang, G., Wang, J., Wu, W., Tony To, S. S., Zhao, H., & 
Wang, J. (2015). Advances in lipid-based drug 
delivery: enhancing efficiency for hydrophobic 
drugs. Expert opinion on drug delivery, 12(9), 1475-
1499. 

55. Dalla‐Bona, A., Primbs, J., & Angelova, A. (2010, 
January). Nano‐Encapsulation of Proteins Via 
Self‐Assembly with Lipids and Polymers. 
In Macromolecular symposia (Vol. 287, No. 1, pp. 32-
36). Weinheim: WILEY‐VCH Verlag. 

56. Harvey, R. D., Bourgeois, S., Pietzonka, P., Desire, L., & 
Fattal, E. (2005). Microencapsulation of 
nanoparticulate complexes of DNA with cationic lipids 
and polymers in pectin beads for targeted gene 
delivery. NanoBiotechnology, 1(1), 71. 

57. Salem, M. A., Jüppner, J., Bajdzienko, K., & Giavalisco, 
P. (2016). Protocol: a fast, comprehensive and 
reproducible one-step extraction method for the 
rapid preparation of polar and semi-polar 
metabolites, lipids, proteins, starch and cell wall 
polymers from a single sample. Plant Methods, 12(1), 
1-15. 

58. Sullivan, S. M., & Meng, X. Y. (2001). U.S. Patent 
Application No. 08/865,375. 

59. Bader, H., Ringsdorf, H., & Schmidt, B. (1984). 
Watersoluble polymers in medicine. Die Angewandte 
Makromolekulare Chemie: Applied Macromolecular 
Chemistry and Physics, 123(1), 457-485. 

60. Carmona-Ribeiro, A. M. (2019). Biomimetic 
nanomaterials from the assembly of polymers, lipids, 
and surfactants. In Surfactants and Detergents. 
IntechOpen. 

61. Carmona-Ribeiro, A. M. (2017). Nanomaterials based 
on lipids for vaccine development. In Micro and 
Nanotechnology in Vaccine Development (pp. 241-
257). William Andrew Publishing. 

 


