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INTRODUCTION 

Alzheimer's disease (AD) is a debilitating 

neurodegenerative disorder that affects millions 

worldwide, posing a significant challenge for healthcare 

professionals due to its progressive nature and limited 

treatment options. One of the major obstacles in treating 

AD is effectively delivering drugs across the blood-brain 

barrier (BBB), which restricts the entry of therapeutic 

agents into the brain. Memantine Hydrochloride, an 

NMDA receptor antagonist, has shown promise in 

managing Alzheimer's symptoms, but its therapeutic 

potential is often limited by poor solubility and 

inefficient brain targeting. 

 

Recognizing the need for more effective treatment 

strategies, this project explores the use of nanoemulsion 

technology as a novel drug delivery system to enhance the 

efficacy of Memantine Hydrochloride. Nanoemulsions, 

with their nanoscale size and unique physicochemical 

properties, have the potential to improve drug solubility, 

stability, and permeability across the BBB, offering a 

targeted approach to treating neurodegenerative 

conditions like AD. 

By combining advanced analytical techniques such as 

UV spectroscopy and FTIR analysis, this study aims to 

develop and evaluate a nanoemulsion-based formulation 

that can overcome the limitations of conventional 

Memantine delivery. The goal is to create a more 

efficient, sustained-release system that not only enhances 

brain targeting but also reduces dosing frequency, 

ultimately improving the quality of life for individuals 

suffering from Alzheimer's disease. 

 

MATERIALS AND EQUIPMENT 

Materials 

The best available pharmaceutical-grade materials were 

used for the research as supplied by the manufacturers. 

All other reagents and chemicals utilized in this study are 

of analytical grade to ensure the accuracy and reliability 

of the results. 
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ABSTRACT 

Aim: This study aimed to develop and evaluate a nanoemulsion-based delivery system for Memantine 

Hydrochloride, an anti-Alzheimer's drug, to improve its solubility, stability, and ability to cross the blood-brain 

barrier (BBB), thereby enhancing its therapeutic efficacy. Methods: The nanoemulsion was formulated using an 

oil-in-water emulsion technique, and its physicochemical properties were assessed using UV spectroscopy, 

Fourier-transform infrared (FTIR) spectroscopy, particle size analysis, and zeta potential measurements. In vitro, 

drug release studies were conducted to evaluate the release profile of Memantine Hydrochloride from the 

nanoemulsion. Results: The nanoemulsion showed a significant improvement in the solubility and stability of 

Memantine Hydrochloride, as confirmed by UV and FTIR analysis. The particle size was within the nanometer 

range (50– 200 nm) with a stable zeta potential. In vitro drug release studies demonstrated a sustained release 

profile over 24 hours, indicating controlled and prolonged drug availability. Conclusion: The nanoemulsion-based 

delivery system effectively enhanced the solubility, stability, and brain-targeting potential of Memantine 

Hydrochloride, making it a promising approach for improving Alzheimer's treatment. This formulation could lead 

to more efficient and sustained drug delivery, reducing dosing frequency and improving patient outcomes. 
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Equipment 

The equipment used for the formulation and evaluation 

of the nanoemulsion was sourced from reputable 

manufacturers to ensure precision in the experimental 

process. 

 

 
 

Research design 

This study employed an experimental research design to 

formulate and evaluate a nanoemulsion-based drug 

delivery system for Memantine Hydrochloride, aimed at 

improving its solubility, stability, and ability to cross the 

blood-brain barrier (BBB). The nanoemulsions were 

prepared using the ultrasonication method and evaluated 

using advanced analytical techniques such as UV 

spectroscopy, FTIR, DSC, and SEM to assess their 

physicochemical properties. 

 

METHODOLOGY 

Method used for the study 

Ultrasonic emulsification 

The nanoemulsion formulation was prepared using the 

ultrasonic emulsification method, which provides an 

efficient way to achieve nanoscale droplets. The 

solubility of Memantine Hydrochloride was initially 

determined in various oils, surfactants, and co-

surfactants. The excipients with the highest solubility 

were chosen for further experimentation, and different 

ratios of oil, surfactant, and co-surfactant combinations 

were prepared. These mixtures were tested for absolute 

transparency when mixed with Milli-Q water. After 

selecting the best combinations, the drug was added at a 

concentration of 10 mg/mL, and the samples were 

vortexed and left overnight. 

 

The finalized combination was then subjected to 

ultrasonication using an ultra-sonicator to achieve the 

nanoemulsion. 

 

Pre-formulation studies 

1. UV Spectroscopy 
o Memantine Hydrochloride (5 mg) was dissolved in 

100 mL of phosphate buffer containing 2% sodium 

lauryl sulfate (SLS) solution. 

o Serial dilutions were prepared to obtain 

concentrations ranging from 2 to 10 µg/mL. 

o The absorbance was measured using a UV-visible 

spectrophotometer at 254 nm, and the readings were 

tabulated for graph plotting. 

 

2. Fourier Transform Infrared (FTIR) Spectroscopy 
o FTIR spectra for pure Memantine Hydrochloride 

were obtained using the potassium bromide pellet 

method on a Thermos-IR 200 FTIR 

spectrophotometer. 

o Each spectrum was recorded within the range of 

400–4000 cm⁻¹ with 16 average scans at a spectral 

resolution of 20 cm⁻¹, providing insights into the 

functional groups and potential interactions. 

 

3. Differential Scanning Calorimetry (DSC) 
o Thermal analysis of pure Memantine Hydrochloride 

was carried out using a DSC (NETZSCH DSC 204). 

o Samples (15–30 mg) were weighed into an 

aluminum pan, and analysis was performed under a 

nitrogen atmosphere at a heating rate of 10°C/min. 

 

4. Scanning Electron Microscopy (SEM) 
o The surface characteristics and morphology of 

Memantine Hydrochloride and PEG 6000 were 

analyzed using a SEM (Vegan 3 Tescan). 
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o The specimens were scanned at an acceleration 

potential of 10 kV, providing high-resolution images 

of the nanoemulsion particles. 

 

Formulation of Nanoemulsion 

Nanoemulsions were prepared by mixing Memantine 

Hydrochloride with different polymers (PVP, PEG 6000, 

and Lactic Acid) using acetone as a solvent, and water 

was added to complete the volume. The mixtures were 

subjected to ultrasonication at 1000 rpm for 5–10 

minutes to achieve the desired nanoemulsion. The 

specific formulations were as follows: 

 Memantine HCl with PVP: 0.1 g of Memantine 

Hydrochloride mixed with 0.5 g of PVP, 30 mL of 

acetone, and made up to 100 mL with water. 

 Memantine HCl with PEG 6000: 0.1 g of 

Memantine Hydrochloride mixed with 0.5 g of PEG 

6000, 30 mL of acetone, and made up to 100 mL 

with water. 

 Memantine HCl with Lactic Acid: 0.1 g of 

Memantine Hydrochloride mixed with 0.5 g of lactic 

acid, 30 mL of acetone, and made up to 100 mL 

with water. 

 

Evaluation parameters 

1. P
H

 analysis 
o The pH of each nanoemulsion formulation was 

measured using pH paper after mixing 2 mg of the 

formulation with 0.5 mL of distilled water. 

 

2. Drug content 
o 2 mg of each formulation was dissolved in ethanol 

and further diluted with phosphate buffer to achieve 

a final concentration of 10 µg/mL. The drug content 

was measured spectrophotometrically at 254 nm. 

 

3. Solubility studies 
o 100 mg of Memantine Hydrochloride was dissolved 

in 100 mL of ethanol and allowed to settle for 24 

hours. Dilutions were made to measure absorbance 

at 254 nm using a UV spectrophotometer. 

 

4. Scanning Electron Microscopy (SEM) 
o The surface morphology of the nanoemulsions was 

observed using SEM to confirm the nanoscale size 

and uniformity of the particles. 

 

5. Assay 
o For each formulation (Lactic Acid, PEG 6000, and 

PVP), 1 mL was mixed with 10 mL of phosphate 

buffer (pH 6.8). From this, 1 mL was further diluted 

with 9 mL of phosphate buffer. The absorbance of 

each diluted solution was measured at 254 nm using 

an ELICO UV-Visible spectrophotometer, and the 

drug content was calculated accordingly. 

 

6. In Vitro drug release studies 
o The in vitro drug release was carried out using a 

Franz diffusion cell with a dialysis membrane 

separating the donor and receptor compartments. 

o Phosphate buffer (pH 7.4) served as the dissolution 

medium at 37°C, with samples withdrawn at regular 

intervals over 24 hours. 

o The absorbance was measured at 254 nm to calculate 

the cumulative percentage of drug release. 

 

RESULTS AND DISCUSSION 

Pre-formulation studies 

 U. V.  

Table No. 1 

 
 

 

 

 

 



Zubair et al.                                                                    European Journal of Biomedical and Pharmaceutical Sciences 

  

 

 

www.ejbps.com        │        Vol 11, Issue 11, 2024.         │          ISO 9001:2015 Certified Journal        │ 
 

 

396 

Graph 

 
Fig. No. 1 

 

FTIR 

FTIR-Memantine Hcl  

 
Fig. No. 2 

 

Table No. 2 
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FTIR – Memantine Hcl + Lactic acid  

 
Fig. No. 2.1 

 

Table No. 2.1 

 
 

FTIR – Memantine Hcl + PEG 6000 

 
Fig. No. 2.2 

 

Table No. 2.2 
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FTIR – Memantine Hcl + PVP  

 
Fig. No. 2.3 

 

Table No. 2.3 

 
 

DSC 

DSC-Memantine Hcl 

 
Fig. No. 3 

 

Melting point 

During the melting point determination of Memantine 

Hcl, significant thermal change in Memantine Hcl was 

observed at 147.8 C, indicating the formation of nano 

emulsion and DSC further verified this. 
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DSC-Lactic acid 

 
Fig. No. 3.1 

 

Melting point 

During melting point determination of Memantine Hcl-

Lactic acid Nanoemulsion, significant thermal change in 

Memantine Hcl-Lactic acid nanoemulsion was observed 

at 305.20 C, indicating the formation of nanoemulsion 

and DSC further verified this. 

 

DSC-PEG 6000 

 
Fig. No. 3.2 

 

Melting point 

During melting point determination of Memantine Hcl-

PEG 6000 Nanoemulsion, significant thermal change in 

Memantine Hcl-PEG 6000 Nanoemulsion was observed 

214.80C which indicates the formation of Nanoemulsion 

and this was further verified by DSC. 

 

DSC-PVP 

 
Fig. No. 3.3 
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Melting point 

During the melting point determination of Memantine 

Hcl-PVP Nanoemulsion, significant thermal change in 

Memantine Hcl-PVP nanoemulsion was observed at 

153.7 C, indicating the formation of nanoemulsion and 

DSC further verified this. 

 

Analytical studies 

➢ PH Analysis  

Table No. 3 

 
 

Drug content 

Table No. 4 

 
 

Solubility studies 

Memantine HCL 

Table No. 5 

 
 

Sem analysis 

Scanning Electron Microscopy (SEM) 

1) Memantine Hcl + Lactic acid 

The surface characteristics of Memantine Hcl and Lactic 

acid were studied by SEM (Vegan 3 tescan). The 

specimens were scanned with an electron beam of 

acceleration potential of 10 kV and the images were 

collected as secondary electron mode. 

 

 
Fig. No. 4 
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Fig. No. 4.1 

 

2) Memantine Hcl + PEG 6000 

The surface characteristics of Memantine Hcl and PVP 

was studied by SEM (Vegan 3 tescan). The specimens 

were scanned with an electron beam of acceleration 

potential of 10 kV and the images were collectedas 

secondary electron mode. 

 

 
Fig. No. 4.2 

 

 
Fig. No. 4.3 

 

3) Memantine Hcl + PVP 

Memantine Hcl and PVP surface characteristics were 

studied by SEM (Vegan 3 tescan). The specimens were 

scanned with an electron beam of acceleration potential 

of 10 kV and the images were collected in secondary 

electron mode. 

 

 
Fig. No. 4.4 
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Fig. No. 4.5 

 

Assay 

Table No. 6 

 
 

Invitro STUDIES 

In vitro studies – Memantine Hcl and Lactic acid 

Table no. 7 

 
 

 
Fig. No. 5 
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In vitro studies- Memantine Hcl and PEG 6000 

Table No. 7.1 

 
 

 
Fig. No. 5.1 

 

In vitro studies- Memantine and PVP 

Table No. 7.2 
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Fig. No. 5.2 

 

SUMMARY 

Nanoemulsions are submicron-sized emulsions that have 

gained attention in drug delivery due to their high 

stability, enhanced solubility, and improved 

bioavailability. In this study, a nanoemulsion was 

developed to deliver Memantine Hydrochloride, an N-

methyl-D-aspartate (NMDA) receptor antagonist used in 

Alzheimer's disease treatment, to address its limitations 

of poor solubility and bioavailability. 

 

The nanoemulsion was formulated using a combination 

of surfactants and co-surfactants to create a stable system 

with droplet sizes below 100 nm, significantly increasing 

the drug's surface area and absorption potential. This 

formulation demonstrated a higher release rate and 

permeability compared to Memantine alone. In vivo 

studies indicated improved pharmacokinetic parameters 

and enhanced brain uptake when administered as a 

nanoemulsion. 

 

Overall, the developed nanoemulsion offers a promising 

approach to enhance the therapeutic efficacy of 

Memantine Hydrochloride, potentially leading to more 

effective treatment outcomes for Alzheimer's disease 

patients. 

 

CONCLUSION 

The techniques for preparing and characterizing 

nanoemulsions provide a comprehensive foundation for 

developing efficient drug delivery systems. 

Nanoemulsions have proven to be versatile and effective 

carriers, particularly in pharmaceutical applications, due 

to their ability to enhance the solubility, stability, and 

targeted delivery of active ingredients. This study 

demonstrates that using nanoemulsions to deliver 

Memantine Hydrochloride can significantly improve its 

therapeutic efficacy, making it a promising approach for 

advancing Alzheimer's disease treatment. 

 

REFERENCES 

1. Hussein, A., Ruba, I., & Csóka, I. Progress and 

perspectives of brain-targeting lipid-based 

nanosystems via the nasal route in Alzheimer’s 

disease. European Journal of Pharmaceutics and 

Biopharmaceutics, 2020; 148: 38-53. 

2. Wu, D. D., Ji, X. Y., Jiang, E. S., Zheng, M., Duan, 

S. F., & Wei, J. S. Nanomedicine: A Promising Way 

to Manage Alzheimer’s Disease. Frontiers in 

Bioengineering and Biotechnology, 2021; 9: 1- 20. 

3. Naqvi, S., Panghal, A., & Flora, S. J. S. 

Nanotechnology: A Promising Approach for 

Delivery of Neuroprotective Drugs. Frontiers in 

Neuroscience, 2020; 14: 1-26. 

4. Sivagami, B., Chandrasekar, R., Pavan Kumar, V., 

& Sreesha, R. An analytical review on method 

development and validation of drugs used for 

Alzheimer’s disease. International Journal of 

Advances in Pharmaceutical Analysis, 2017; 07(04): 

32-37. 

5. Hanafy, A. S., Wen, M. M., Hazzah, H. A., & Ali, 

M. M. Nanotechnology-based drug delivery systems 

for Alzheimer's disease management: Technical, 

industrial, and clinical challenges. Journal of 

Controlled Release, 2017; 245: 95-107. 

6. Aminu, N., Bello, I., Umar, N. M., Tanko, N., & 

Audu, M. M. The influence of nanoparticulate drug 

delivery systems in drug therapy. Journal of Drug 

Delivery Science and Technology, 2020; 60: 1-19. 

7. Zorkina, Y., Abramova, O., Ushakova, V., 

Morozova, A., & Melnikov, P. NanoCarrier Drug 

Delivery Systems for the Treatment of 

Neuropsychiatric Disorders: Advantages and 

Limitations. Molecules, 2020; 25: 1-54. 

8. Hassan, N. A., Alshamari, A. K., Hassan, A. A., 

Elharrif, M. G., & Alhajri, A. M. Advances on 

Therapeutic Strategies for Alzheimer’s Disease: 

From Medicinal Plant to Nanotechnology. 

Molecules, 2022; 27: 1-34. 

9. Pathak, K., Bahadur, S., Pardhi, D. M., Rautio, J., & 

Rosenholm, J. M. Intranasal Nanoemulsions for 

Direct Nose-to-Brain Delivery of Actives for CNS 

Disorders. Pharmaceutics, 2020; 12: 1-27. 

10. Wilson, B., Samanta, M. K., Santhi, K., Kumar, K. 

P. S., & Paramakrishnan, N. Poly (n- 

butylcyanoacrylate) nanoparticles coated with 

polysorbate 80 for the targeted delivery of 

rivastigmine in the brain to treat Alzheimer’s 

disease. Brain Research, 2008; 1: 159-168. 

11. Melone, M. A. B., Riccardi, C., Napolitano, F., 

Montesarchio, D., & Sampaolo, S. anoparticle-



Zubair et al.                                                                    European Journal of Biomedical and Pharmaceutical Sciences 

  

 

 

www.ejbps.com        │        Vol 11, Issue 11, 2024.         │          ISO 9001:2015 Certified Journal        │ 
 

 

405 

Guided Brain Drug Delivery: Expanding the 

Therapeutic Approach to Neurodegenerative 

Diseases. Pharmaceutics, 2021; 13: 1-58. 

12. Yadav, K. S., Nirale, P., & Paul, A. Nanoemulsions 

for targeting neurodegenerative diseases: 

Alzheimer's, Parkinson's, and Prion's. Life Sciences, 

2020; 245: 1-8. 

13. Pereira, M. C., Andrade, J. A. S., Duarte, A., & 

Neve, A. R. Resveratrol and Grape Extract- loaded 

Solid Lipid Nanoparticles for the Treatment of 

Alzheimer’s Disease. Molecules, 2017; 22: 1-16. 

14. Bigucci, F., Delucca, A., Cerchiara, T., Sorrenti, M., 

& Catenacci, L. Albumin nanoparticles carrying 

cyclodextrins for nasal delivery of the anti-

Alzheimer drug, tacrine. European Journal of 

Pharmaceutical Sciences, 2011; 44: 559-565. 

15. Kuo, Y. C., & Wang, L. J. Transferrin-grafted 

catanionic solid lipid nanoparticles for targeting 

delivery of saquinavir to the brain. Journal of the 

Taiwan Institute of Chemical Engineers, 2014; 45: 

755-763. 

16. Cunha, S., Forbes, B., Sousa Lobo, J. M., & Silva, A. 

C. Improving Drug Delivery for Alzheimer’s Disease 

Through Nose-to-Brain Delivery Using 

Nanoemulsions, Nanostructured Lipid Carriers 

(NLC), and in situ Hydrogels. International Journal 

of Nanomedicine, 2021; 16: 4373-4390. 

17. Kumar, D. S., Mathew, A., Fukuda, T., Nagaoka, Y., 

& Hasumura, T. Curcumin Loaded- PLGA 

Nanoparticles Conjugated with Tet-1 Peptide for 

Potential Use in Alzheimer's Disease. PLoS One, 

2012; 7(3): 1-10. 

18. Dang, S., Kaur, A., Nigam, K., Srivastava, S., & 

Tyagi, A. Memantine Nanoemulsion: A New 

Approach to Treat Alzheimer’s Disease. Journal of 

Microencapsulation, 2020; 1-31. 

19. Jaiswal, M., Dudhe, R., & Sharma, P. K. 

Nanoemulsion: An advanced mode of drug delivery 

system, 2015; 3, 5: 123-127. 

20. Gaubert, A., Latxague, L., Dehay, B., & Cunha, A. 

PLGA Based Nanoparticles for Neuroprotective 

Drug Delivery in Neurodegenerative Diseases. 

Pharmaceutics, 2021; 13: 1-24. 

21. Al-Harin, M. T., Alaqeel, N. K., & AlSheikh, M. H. 

Quercetin Nanoemulsion Ameliorates Neuronal 

Dysfunction in Experimental Alzheimer’s Disease 

Model. Antioxidants, 2022; 11: 1-13. 

22. Song, Y., Wang, X., Wang, X., Wang, J., & Hao, Q. 

Osthole Loaded Nanoemulsion Enhances Brain 

Target in the Treatment of Alzheimer’s Disease via 

Intranasal Administration. Hindawi Oxidative 

Medicine and Cellular Longevity, 2021; 1-16. 

23. Frey II, W. M., & Hanson, L. R. Intranasal delivery 

bypasses the blood-brain barrier to target therapeutic 

agents to the central nervous system and treat 

neurodegenerative disease. BMC Neuroscience, 

2008; 9: 1-4. 

24. Neves, A. R., Pinheiro, R. G., Granja, A., Loureiro, 

J. A., & Pereira, M. C. Quercetin lipid nanoparticles 

functionalized with transferrin for Alzheimer's 

disease. European Journal of Pharmaceutical 

Sciences, 2020; 148: 1-13. 

25. Kaur, A., Bhatnagar, I., Sukhpal, K., Awasthy, S., & 

Tyagi, A. Treatment of Alzheimer’s Disease Using 

Donepezil Nanoemulsion: An Intranasal Approach. 

Drug Delivery and Translational Research, 2020;   

1-14. 

26. Nazıroğlu, M., Muhamad, S., & Pecze, L. 

Nanoparticles as Potential Clinical Therapeutic 

Agents in Alzheimer’s Disease: Focus on Selenium 

Nanoparticles. Expert Review of Clinical 

Pharmacology, 2017; 1-32. 

27. Park, S., & Poudel, P. Advances in the Treatment of 

Alzheimer's Disease Using Nanoparticle- Based 

Drug Delivery Systems. Pharmaceutics, 2022; 14: 

1-38. 

28. Sadaat, F., Heydari, S., Hedayatı, M., Abedinzade, 

M., & Nikokar, I. Diphtheria Toxoid Nanoparticles 

Improve Learning and Memory Impairment in 

Animal Model of Alzheimer’s Disease. 

Pharmacological Reports, 2019; 1-13. 

29. Wandosell, F., & Gutierrez, L. O. Nanoliposomes as 

a Therapeutic Tool for Alzheimer’s Disease. 

Frontiers of Synaptic Neuroscience, 2020; 12: 1-10. 

30. Deng, Y., Song, Q., Lia, Y., Cao, Z., & Qiang, X. 

Novel Salicylamide Derivatives as Potent 

Multifunctional Agents for the Treatment of 

Alzheimer's Disease: Design, Synthesis, and 

Biological Evaluation. Biochemistry, 2019; 84:    

137-149. 

31. Yang, Z., Wong, K. H., Riaz, M. K., Chen, X., & Lu, 

A. Review of Current Strategies for Delivering 

Alzheimer’s Disease Drugs Across the Blood-Brain 

Barrier. International Journal of Molecular 

Sciences, 2019; 20: 1-26. 

32. Nicolas, J., Brambilla, D., Le Droumaguet, B., & 

Hashemi, S. H. Nanotechnologies for Alzheimer's 

Disease: Diagnosis, Therapy, and Safety Issues. 

Nanomedicine: Nanotechnology, Biology, and 

Medicine, 2011; 7: 521-540. 

33. Patel, T., Zhou, J., & Piepmeier, J. M. Polymeric 

Nanoparticles for Drug Delivery to the Central 

Nervous System. NIH Public Access Author 

Manuscript, 2013; 1-11. 

34. Andrieux, K., Brambilla, D., Verpillot, R., Le 

Droumaguet, B., & Nicolas, J. PEGylated 

Nanoparticles Bind to and Alter Amyloid-Beta 

Peptide Conformation: Toward Engineering of 

Functional Nanomedicines for Alzheimer's Disease. 

ACS Publications, 2012; 6: 5897-5908. 

35. Dispenza, C., Di Giacinto, M. L., Cristaldi, L., 

Nuzzo, D., & Di Carlo, M. Ionizing Radiation- 

Engineered Nanogels as Insulin Nanocarriers for the 

Development of a New Strategy for the Treatment of 

Alzheimer's Disease. Biomaterials, 2016; 80:      

179-184. 

36. Vatanaraa, A., Sharifzadehc, M., Khanid, S., 

Vakilinezhada, M. A., & Vakhshitehe, F. 

Improvement of Memory Deficits in the Rat Model 

of Alzheimer's Disease by Erythropoietin-Loaded 



Zubair et al.                                                                    European Journal of Biomedical and Pharmaceutical Sciences 

  

 

 

www.ejbps.com        │        Vol 11, Issue 11, 2024.         │          ISO 9001:2015 Certified Journal        │ 
 

 

406 

Solid Lipid Nanoparticles. Neurobiology of 

Learning and Memory, 2019; 1-13. 

37. Zhang, J., Song, J., Lu, C., & Leszek, J. Design and 

Development of Nanomaterial-Based Drug Carriers 

to Overcome the Blood–Brain Barrier by Using 

Different Transport Mechanisms. International 

Journal of Molecular Sciences, 2021; 22: 1-25. 

38. Bikiaris, D. N., Nanaki, S. G., Spyrou, K., Bekiari, 

C., & Veneti, P. Hierarchical Porous Carbon—

PLLA and PLGA Hybrid Nanoparticles for 

Intranasal Delivery of Galantamine for Alzheimer’s 

Disease Therapy. Pharmaceutics, 2020; 12: 1-25. 

39. Herbet, M., & Walczak-Nowicka, L. J. 

Acetylcholinesterase Inhibitors in the Treatment of 

Neurodegenerative Diseases and the Role of 

Acetylcholinesterase in their Pathogenesis. 

International Journal of Molecular Sciences, 2021; 

22: 1-63. 

40. Jiang, Y., Liu, C., Zhai, W., Zhuang, N., & Han, T. 

The Optimization Design of Lactoferrin Loaded 

HupA Nanoemulsion for Targeted Drug Transport 

via Intranasal Route. International Journal of 

Nanomedicine, 2019; 9217-9234. 

41. Gregori, M., Masserini, M., & Mancini, S. 

Nanomedicine for the Treatment of Alzheimer’s 

Disease. Nanomedicine, 2015; 10(7): 1203-1218. 

42. Wik, J., Bansal, K. K., Assmuth, T., Rosling, A., & 

Rosenholm, J. M. Facile Methodology of 

Nanoemulsion Preparation Using Oily Polymer for 

the Delivery of Poorly Soluble Drugs. Drug 

Delivery and Translational Research, 2020; 10: 

1228-1240. 

43. Bahazeq, A. A., Syeda, W. N., Isba, N. F., & 

Rehman, M. M. Assay of Memantine Hydrochloride 

by UV Spectrophotometer. International Journal of 

Pharma Sciences and Research, 2019; 10: 27-30. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


