
 
 

 

Development of a proliposome formulation as 
a drug carrier for a novel antitumor drug 
 

 

Ana Daniela Coutinho Alves 
 

 

Dissertation of the 2nd Cycle of Studies Conducting the Degree of Master in 

Pharmaceutical Chemistry, Faculty of Pharmacy, University of Porto 

 

Dissertação do 2º Ciclo de Estudos Conducente ao Grau de Mestre em Química 

Farmacêutica, Faculdade de Farmácia, Universidade do Porto 

 

 

 

Under the scientific guidance of/ Sob orientação do: 

Professor Doutor Paulo Jorge Cardoso da Costa 

Professor Doutor Domingos Carvalho Ferreira 

 

 

 

2016/2017 
  



ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ACCORDING TO THE LEGISLATION, THE REPRODUCTION OF 
ANY PART OF THIS DISSERTATION IS NOT AUTHORIZED.  

  



iii 

AUTHOR’S DECLARATION:  

Under the terms of the Decree-Law no 216/92, of October 13th, is hereby declared 

that the author afforded a major contribution to the conceptual design and technical 

execution of the work and interpretation of the results included in this dissertation. Under 

the terms of the referred Decree-Law, is hereby declared that the following 

articles/communications were prepared in the scope of this dissertation. 

The results presented in this dissertation are part of the following scientific 

communications:  

 

Ana D. Coutinho Alves, E. Sousa, Madalena M. M Pinto, Marta Correia-da-Silva, D. 

Ferreira, P. Costa. “Development of HPLC method for the quantification of a new 

glycosylated xanthone with cell growth inhibitory activity”. 10th Meeting of Young 

Researchers of University of Porto, Porto, Portugal, 08-10 February 2017.  

 



iv 

ACKNOWLEDGMENTS 

The making of this dissertation has been a fantastic learning experience, not only 

regarding academic and scientific knowledge, but mainly for personal aspects I 

developed. 

My first special thanks are dedicated to my supervisor Prof. Dr. Paulo Jorge 

Cardoso da Costa. I don’t have enough words to express my gratitude. He always showed 

willingness to listen to my doubts and always managed to solve them and showed 

incredible patience and dedication. He was my main adviser, and more importantly, I 

sincerely thank Prof. Dr. Paulo Costa for always believing in the success of my work and 

for recognizing my effort. I am grateful to have the opportunity to work with him, and for all 

the teachings I could learn. 

I want to thank my co-supervisor, Prof. Dr. Domingos Ferreira de Carvalho. During 

my work, he showed an immense availability and a constant concern with my work. Thank 

you for all the teachings and wisdom he shared and will certainly continue to share with 

me. I really appreciate the opportunity that was given to work on this ambitious project and 

to deal with its inherent subjects. 

I also want to thank the following persons.  

• Prof. Dr.ª Maria Madalena de Magalhães Pinto for all the help she has given. 

• The teachers of Organic and Pharmaceutical Chemistry for the knowledge 

transmitted in the Master, especially the Prof. Dr.ª Emília Sousa and Prof. 

Dr.ª Marta Correia da Silva for all the assistance given during this year. 

• Prof. Dr.ª Salette Reis (Laboratório de Química Aplicada da Faculdade de 

Farmácia da Universidade do Porto) and his collaboration team but 

especially to Prof. Dr.ª Claúdia Nunes, for the help given.  

• Prof. Dr. Hassan Bousbaa (Instituto Superior de Ciências da Saúde –Norte, 

ISCS-N), and his collaboration team, especially Dr.ª Patrícia Silva, for the 

help in the viability cells study that have made my work more rewarding. 

• Centro de Materiais da Universidade do Porto (CEMUP) for the morphology 

analasys (SEM and CryoSEM). 

• My colleagues in the Master's Degree in Pharmaceutical Chemistry for the 

friendship and support, with special recognition to Ana Joyce, João Carmo, 

Francisca Carvalhal, Isabel Barbosa, Ivanna Hk, Giulia Esposito and João 



v 

Campos for his help in my work and for always taking the time to listen to 

me. 

• For my incredible family, especially my father, my mother, my sister and my 

amazing boyfriend, thank you for being my core, my shelter, for always 

believing in me, in my value and potential, more than myself, and for being at 

my side as I give this step in my life. Thus, this dissertation is especially 

dedicated to them.  

 

This research was developed under the projects PTDC/ MAR-BIO/4694/2014 

supported through national funds provided by Fundação da Ciência e Tecnologia 

(FCT/MCTES, PIDDAC) and European Regional Development Fund (ERDF) through the 

COMPETE – Programa Operacional Factores de Competitividade (POFC) programme 

(POCI-01-0145-FEDER-016790 and POCI-01-0145-FEDER-016793), Reforçar a 

Investigação, o Desenvolvimento Tecnológico e a Inovação (RIDTI, Project 3599 and 

9471), and INNOVMAR - Innovation and Sustainability in the Management and 

Exploitation of Marine Resources, reference NORTE-01-0145-FEDER-000035, Research 

Line NOVELMAR. 

 

 

 
 

 
 

 

 

  

NORTE-01-0145-FEDER-000035 



vi 

ABSTRACT 

The use of nanotechnology in cancer is progressing, thus increasing the 

effectiveness and/or tolerability of new drug candidates. Nanotechnology can significantly 

contribute to create differentiated products and improve clinical outcomes. Nanoparticles 

give us the possibility to encapsulate poorly water soluble drugs, protect therapeutic 

molecules, and modify their blood circulation and tissue distribution. 

Liposomes may incorporate hydrophilic and/or lipophilic substances, where they can 

stand in the aqueous compartment, be inserted in the lipophilic phase or adsorbed on the 

membrane surface. They have been widely explored for the delivery of drugs. However, 

these systems have problems of stability, limiting its storage for a long period of time. The 

proliposomes were developed to overcome the stability problems of the liposomes. 

The xanthone classes bear different types of substituents that are able to interact 

with several biological targets and exert different pharmacological actions. There is a 

diversity of biological activities described for natural and synthetic xanthones, and the 

growth inhibitor in tumor cell lines seems to be quite important as they exert their effect on 

a wide range of different tumor cell lines. 

In this dissertation, proliposomal formulations were developed to encapsulate the 

synthetic xanthonic compound XGA, being the method used to produce proliposomes the 

Spray Drying. After their production, proliposomes were hydrated to form liposomes. This 

method proved to be efficient at encapsulating the compound. Liposomes have also been 

developed and have been shown to be efficient in the encapsulation of XGA, however the 

stability showed to be limited. It was found that after 15 days, 1 month and 3 months of 

the production date, the proliposomes presented good physical stability, being this method 

a promising strategy to improve stability. Toxicity was evaluated in 3 tumor cell lines, 

where it was found that the encapsulated compound was able to inhibit them.  

 

Keywords: Xanthone; Cancer; Tumor cell lines; Nanotechnology; Liposomes; 
Proliposomes; XGA.  
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RESUMO 

A utilização da nanotecnologia no cancro está a progredir, aumentando assim a 

eficácia e / ou tolerabilidade de novos candidatos a medicamentos. A nanotecnologia 

pode contribuir significativamente para criar produtos diferenciados e melhorar o 

resultado clínico. As nanopartículas dão-nos a possibilidade de encapsular medicamentos 

pouco solúveis em água, de proteger moléculas com interesse terapêutico e modificar a 

sua circulação sanguínea e a sua distribuição nos tecidos. 

Os lipossomas podem incorporar substâncias hidrofílicas e / ou lipofílicas, 

permanecendo no compartimento aquoso, ser inseridos na fase lipofílica ou adsorvidos 

na superfície da membrana. Estes sistemas têm vindo a ser amplamente explorados para 

a vectorização e a libertação de fármacos. No entanto, têm problemas de estabilidade, 

limitando o seu armazenamento por um longo período de tempo. Os prolissomas foram 

descobertos e tem vindo a ser desenvolvidos para superar os problemas de estabilidade 

dos lipossomas. 

As classes de xantonas possuem diferentes tipos de substituintes capazes de 

interagir com vários alvos biológicos que exercem diferentes ações, permitindo-lhes 

interagir com diferentes alvos farmacológicos. Há uma diversidade de atividades 

biológicas descritas para xantonas naturais e sintéticas, e o inibidor de crescimento em 

linhas celulares tumorais parece ser bastante importante, pois exercem o seu efeito em 

uma ampla gama de diferentes linhas celulares tumorais. 

Nesta dissertação, formulações prolipossomais foram desenvolvidas para 

encapsular o composto xantônico XGA, sendo o método utilizado para a produção de 

prolipossomas a atomização e secagem. Após a sua produção, os prolipossomas foram 

hidratados para formar lipossomas. Este método mostrou-se eficiente no encapsulamento 

do composto. Os lipossomas também foram desenvolvidos e demonstraram ser eficientes 

no encapsulamento de XGA, mas sendo a sua estabilidade limitada. Verificou-se que 15 

dias, 1 mês e 3 meses após a produção dos prolipossomas, eles apresentaram boa 

estabilidade física, sendo uma estratégia promissora. A toxicidade foi avaliada em 3 

linhas celulares tumorais, onde se descobriu que o composto encapsulado inibe essas 

linhas tumorais. 

 

Palavras-chave: Xantona; Cancro; Linhas celulares tumorais; Nanotecnologia; 

Lipossomas; Prolipossomas; XGA. 
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OUTLINE OF THE DISSERTATION 

The present dissertation consists of seven chapters. On the first Chapter a small 

introduction of the themes is done. In the second Chapter the main objectives of the work 

are presented. In the third Chapter the materials and methods used are described. In the 

fourth Chapter the results are presented and discussed. In the fifth Chapter the general 

conclusions of the work are presented. Finally we have in the sixth and seventh Chapters 

the bibliographical references and the appendices respectively. 

CHAPTER 1 – INTRODUCTION  

The introductory Chapter of the present dissertation is divided in four sections. In the first 

part, a briefly overview about the effects of nanotechnology in cancer will be presented. 

The second part will be focused on liposomes as drug delivery systems suitable for 

application in cancer nanotechnology, with their advantages and drawbacks being 

highlighted. In the third part, proliposomes will be presented as a promising strategy to 

overcome the drawbacks presented by liposomes. In the fourth part, a brief introduction to 

xanthone derivatives will be given and their use in nanosystems will be justified.  

CHAPTER 2 – AIMS  

The main objectives of the present dissertation are described in this Chapter.  

CHAPTER 3 - MATERIAL AND METHODS  

In this Chapter, methods of producing proliposomes and their characterization will be 

described in detail. Hydration of the proliposomes and characterization of the liposomes 

obtained will also be described. The conditions used for the stability tests of the 

proliposomes will be specified. HPLC conditions for the development of a method for 

quantifying XGA will be detailed. The software and the statistical tests will be identified. 

CHAPTER 4 - RESULTS AND DISCUSSION  

Results are subdivided in five sections. In the first part, the characterization of the 

liposomes obtained by hydration of proliposomes and stability results of proliposomes will 

be show. The second part will show the results of the analysis of thermal behavior of 

proliposomes. The third part will present the results of the HPLC method for the 

quantification of XGA. The fourth part will show the results of cell culture. The fifth part will 

show the morphology of proliposomes. 
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CHAPTER 5 – CONCLUSIONS  

This chapter includes the general conclusions of the present dissertation.  

CHAPTER 6 – REFERENCES  

The references will be presented at the end of this dissertation. The references followed 

the Vancouver reference style. The main bibliographic research motors were 

ScienceDirect, Pubmed, Scopus, and Google.  

CHAPTER 7 – APPENDICES  

This section will include the complete of data for the characterization of conventional 

liposomes and the liposomes obtained by hydration of proliposomes that were used to 

construct the box and whiskers plots used to present the results and the data obtained 

from t-student, Shapiro-Wilk and Levene statistic tests. It will also include the complete 

data of the histograme of the sizes and zeta potential the liposomes and proliposomes. 

 



1 

1 Introduction 

1.1 Cancer nanotechnology  

Nanotechnology can be described as the control and manipulate structured matter 

at an atomic and molecular level, allowing the development of devices, functional 

materials and systems with significantly different properties from those observed in micro 

or macroscopic scale (1). 

Cancer is defined as a large group of diseases that can affect any part of the body. 

A defining feature of cancer is the rapid creation of abnormal cells that grow beyond 

normal limits, which can invade parts of the body and spread to other organs (2).  

Cancer nanotherapeutics is advancing, as the research and development in this 

field has been in exponential growth since the beginning of XXI century (3). Cancer 

nanotechnology is emerging as a new field of interdisciplinary research and is expected to 

lead to breakthroughs in the detection, diagnosis and treatment of cancer (4). The idea of 

creating more effective cancer treatments gives us the possibility of encapsulating poor 

water soluble drugs, protecting therapeutic molecules and modifying their blood circulation 

and tissue distribution without serious damage to normal cells (5). 

Cancer and normal cells present different chemical, structural and biophysical 

characteristics. While no pattern has been explained, such modifications can be 

accountable for cancer cell sensitivity or resistance to several anticancer drugs (6). Some 

tumor cells exhibit greater membrane flexibility, in opposing, other cancer cells, present 

lower membrane fluidity because there is a decreased degree of fatty acid unsaturation 

and increased cholesterol (7, 8).  

The surrounding environment also suffers multiple changes. Tumor 

microenvironment is harsh and essentially determined by a disordered vasculature that 

creates an heterogeneous blood supply (9). As a result, several regions are hypoxic and 

have a high glucose use rates, resulting in an acidic extracellular pH (pHe) in malignant 

tumors (pH = 6.2 – 6.9) compared to normal tissue (pHe= 7.3 - 7.4), figure 1 (10-12). Many 

studies showed that this pHe benefits the malignant cells and is a standard intrinsic feature 

of cancer phenotype (13). Since this can influence the ionization state of the drugs and, 

consequently, their partition with membranes, this feature should be taken in account (13).  

The characteristics of the membrane impacts the drug permeation, lipid 

conformation and/or location within membrane and, consequently, their ability to reach the 
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therapeutic target (14). Also, drugs can have distinctive effects on the membrane, such as 

modifications in lipid conformation, surface charge, lipid domains and packing, membrane 

fluidity and curvature and, consequently, cell function (15). The study of the interactions of 

chemotherapeutic compounds with biological membranes is vital, since it is directly 

correlated with the therapeutic activity and toxicity of drugs (16).  
 

 

Figure 1 – Schematic representation of normal and cancer cell membranes (16).  

1.2 Liposomes 

Liposomes, first reported by Bangham in 1965, are microscopic vesicles composed 

of one or more concentric lipid bilayers separated by internal and external aqueous 

environment. It can be created from natural non-toxic phospholipids and cholesterol, they 

may incorporate hydrophilic and/or lipophilic substances, where they can stand in the 

aqueous compartment, be inserted in the lipophilic phase or adsorbed on the membrane 

surface (17-19). Hydrophobic molecules are inserted into the bilayer membrane, and 

hydrophilic molecules can be entrapped in the aqueous center (Figure 2) (20, 21). 
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Figure 2 -  Schematic representation of a liposomes. 

These vesicles are composed of phospholipids (Figure 2), and can be synthetic or 

have a natural origin (22). The most used lipids in the liposome formulations are those 

which have a cylindrical shape as phosphatidylcholines, phosphatidylserine, 

phosphatidylglycerol and sphingomyelin, which lead to the formation of a stable bilayer in 

aqueous solution. Phosphatidylcholines are the main lipids used in liposome formulation 

studies and therefore exhibit great stability to pH variations and salt concentration in the 

medium (23).  

Phospholipids are characterized by a phase transition temperature known as Tc, in 

which the membrane moves from a gel stage to a crystal-liquid stage where the molecules 

are more loose to movements and grouped hydrophilic radicals become fully hydrated 

(24). The length and saturation of the lipid chain influence the value of Tc, therefore, 

different membranes composed of different lipids can contain different levels of flowability 

at equal temperature (18).  

Liposome properties vary with lipid composition, surface charge, size and the 

method of preparation. They can be prepared by various processes such as agitation, 

sonication, extrusion, lyophilization, freezing and thawing, reverse phase evaporation, 

among others (25, 26). However, these different types of liposomes (Figure 3) can contain 

a single lipid bilayer or multiple bilayers around the interior aqueous compartment and, 

thus, are categorized as unilamellar and multilamellar, respectively (27). As for the size, 

unilamellar vesicles can be small or large, characterized as small unilamellar liposomes, 

called SUV (small unilamellar vesicles), of a diameter between 45 and 80 nm, and large 

unilamellar liposomes, designated as LUVs (large unilamellar vesicles), with diameters 

greater than 100 nm. Micelles are a different type of particles because they are only 

composed by a single monolayer (25, 27). 

Hydrophobic	drug

Hydrophilic	drug Hydrophilic		zone

Hydrophilic		zone

Hydrophobic		zone

Polar	head

Apolar head
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Figure 3 - Schematic representation of the different types of structures formed by phospholipids: 

SUV (A), LUV (B), MLV (C). 

1.2.1 Advantages and drawbacks of liposomes  

Liposomes are biocompatible, biodegradable, non-toxic and non-immunogenic, they 

are suitable for the delivery of hydrophobic, hydrophilic and amphipathic drugs, they 

protect the encapsulated drug from the external environment, they reduce toxicity of some 

drugs, have an increased therapeutic effect and reduce the exposure of sensitive tissue to 

toxic drugs (28). In addition, the liposomes also have an increased efficacy and 

therapeutic index, improved stability via encapsulation, decreased local effects evasion, 

improved pharmacokinetic effects (reduced elimination and high circulation half-life) and 

flexibility to fit with the location of specific ligands to achieve active targeting (29).  

However, liposomes also have disadvantages, such as high cost of production, 

fusion and leakage of encapsulated drugs, short half-life and low stability (30). 

The natural and synthetic phospholipids have both advantages and disadvantages. 

The advantages of synthetic phospholipids are good stability and high purity, however 

they are expensive. The advantage of natural phospholipids is that the price is relatively 

low, but disadvantages are that purity is difficult to control, and nature is relatively 

unstable (29). 

The liposome stability may be affected by chemical, physical and biological 

processes. Depending on its composition, the final formulations of liposomes may exhibit 

a short half-life time, in part due to physical and chemical instability. The stability 

     B           C 

           A 
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assessment should include the characterization of the final product and monitoring of the 

storage stability of the liposomal formulation (18).  

The chemical instability is process dependent on the composition of the liposomes, 

which means preventing hydrolysis of the ester and oxidation of the unsaturation located 

in the lipid chain, which can be seen in Figure 4 (31).  

 

Figure 4 - Representation of molecular moieties of phospholipids associated with the chemical 

instability of liposomes. 

Chemical instability is associated with tendency of phospholipids in liposomal 

formulations to suffer hydrolysis and oxidation (Figure 4). Hydrolysis may occur in ester 

bonds linking the glycerol backbone to the fatty acids, leading to the disconnection of the 

hydrophobic chains. In the case of phosphatidylcholine, the hydrolysis might cause the 

formation of lysophosphatidylcholine (Figure 5), increasing the permeability of liposomes.  

 

Figure 5 - Structure of lysophosphatidylcholine; R = Fatty acid acyl chain. 

Therefore, it is important to keep the levels of lysophospholipids to a minimum 

during preparation and storage of liposomes. Oxidation might occur in the presence of 
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unsaturated acyl chains, which could change the permeability of liposomes and their shelf 

life.  

Oxidation of phospholipids might be minimized by protecting them from light or by 

the addition of antioxidants to the liposomes (32, 33). Oxidation and hydrolysis of lipids 

can originate the formation of short-chain lipids and then less hydrophobic derivatives 

appear in the bilayers, compromising the quality of the liposomes. Besides, the described 

stability problems can cause quicker liposome breakdown and altered drug release profile.  

In addition, in plasma, liposomes are destabilized due to the lipid exchange between 

liposome and HDLs, leading to aggregation and leakage of the entrapped material (33).  

For the physical instability, some of the most important processes that cause 

instability of the liposomes are the fusion and agreggation of vesicles and extravasation of 

encapsulated drug (34). The physical instability of these systems can be caused by the 

formation of ice crystals in the liposome, which conduces to the destabilization of bilayers 

resulting in drug leakage. 

However, biological stability it is one of the major prerequisites for the use of 

liposomes as carriers in vivo drugs is that they should circulate and keep the drug long 

enough for effective access and interaction with the target, usually in the blood, the walls 

of the capillaries and, in some cases, at extravascular cell areas (31). 

Indeed, there is a necessity of developing strategies to improve the characteristics 

of liposomes and, consequently, expanding their applications.  

The major drawback of conventional liposomes has been their quick removal of 

blood because of the adsorption to plasma proteins (opsonin) in the phospholipid 

membrane, triggering the recognition and capture of liposomes by the Mononuclear 

Phagocyte System (MPS) (18). 

Various physical-chemical parameters influence the removal of liposomes from the 

circulation, including the size of the vesicles, the lipid nature of the components, the 

electric charge of the surface by complementary recognition system and recognition by 

macrophages (35). 

1.2.2 Liposomes in cancer nanotechnology  

More than 100 chemotherapy drugs are actually to treat cancer, either alone or in 

combination with other drugs or treatments. These types of drugs are very different in their 

chemical composition, administration route, posology and side effects. These 

chemotherapy drugs target cells at different phases of the cell cycle (36). For instance, 

cisplatin fixes to the DNA and causes inhibition of its production and cell proliferation (37), 

paclitaxel compounds stabilizes tubulin against depolymerization by binding to them to 
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tubulin, which will result in inhibition of cell division (38). While chemotherapy drugs 

operate through several mechanisms to lead to cell apoptosis, their focal targets are 

intracellular, hence, they must enter the plasma membrane and, ultimately, the nuclear 

membrane, so they will be able to develop a pharmacological action.  

Liposomal drugs have demonstrated to be useful in the clinical for their capability to 

gather at sites of amplified vasculature permeability when their average size is near 200 

nm due to Enhanced Permeability and Retention (EPR) effect. Also, liposomes have 

reduced extravasation into tissues where tight endothelial junctions are observed. This 

can result in an important decrease in the side effects of the encapsulated drug paralleled 

to the free drug (25). This has resulted in a general growth in the therapeutic index, 

measuring efficacy over toxicity (25, 39).  

Table I shows the approved liposomal products in the market and Table II shows the 

products in clinical trials.  
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Table I - Marketed liposomal and lipid-based products adapted from (40). 

Product Drug Indications Year approved Reference 

AmBisome  Amphotericin 
B 

Fungal infections 
Leishmaniasis 

1990 (Europe), 
1997 (USA) 

(41) 

Doxil/Caelyx  Doxorubicin Kaposi’s sarcoma 

Ovarian cancer 

Breast cancer 

Multiple myeloma + 
velcade 

1995 

1999 

2003 

(Europe, Canada) 
2007 

(42) 

DaunoXome Daunorubicin Kaposi’s sarcoma  1996 (Europa, 
USA) 

(43) 

Myocet Doxorubicin Breast cancer + 
cyclophosphamide 

2000 (Europe) (43) 

Amphotec Amphotericin 
B 

Invasive aspergillosis 1996 (44) 

Abelcet Amphotericin 
B 

Aspergillosis 1995 (45) 

Visudyne Verteporphin Wet macular 
degeneration 

2000 (USA), 2003 
(Japan) 

(46) 

DepoDur Morphine 
sulfate 

Pain following surgery 2004 (47) 

DepoCyt Cytosine 
Arabinoside 

Lymphomatous 
meningites 

Neoplastic meningites 

1999 (48) 

Diprivan Propofol Anesthesia 1986 (46) 

Estrasorb Estrogen Menopausal therapy  (49) 

Lipo-Dox Doxorubicin  Kaposi’s sarcoma, 
breast and ovarian 

cancer 

2001 (46) 

Marqibo Vincristine Acute lymphoblastic 
leukemia 

2012 (USA) (50) 
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Table II - Selection of products in clinical trials; adapted from (40). 

Product Drug Indications Year 
approved 

Reference 

SPI-077 Cis-platin Solid tumor  Phase II (51) 

CPX-351 Cytarabin: 
daunorubicin 

Acute myeloid leukemia Phase II (52) 

CPX-1 Irinotecan HCl: 
floxuridine 

Colorectal cancer Phase II (40) 

MM-302 ErbB2/ ErbB3 – 
targeted 

doxorubicin  

ErbB2 – positive breast 
cancer 

Phase I (53) 

MBP - 436 Transferrin – 
targeted 

oxaliplatin 

Gastric cancer and 
gastro-esophageal 

junction 

Phase II (46) 

Brakiva Topotecan  Relapsed solid tumors Phase I (54) 

Alocrest Vinorelbine Newly diagnosed or 
relapsed solid tumors 

Phase I (46) 

Lipoplatin Cisplatin Non-small cell lung 
cancer 

Phase III (46) 

L-annamycin Annamycin Adult relapsed all and 
acute myelogenous 

leukemia 

Phase I (55) 

ThermoDox Thermosensitive 
doxorubicin 

Primary hepatocellular 
carcinoma 

Phase III (56) 

Endo-tag-1 Cationic 
liposomal 
paclitaxel 

Pancreatic cancer, 
triple negative breast 

cancer 

Phase II (46) 

ALN-TTR ALN-
PCS ALN-VSP 

SiRNA targeting 
transthyretin 
(TTR), siRNA 
targeting liver 

cancer 

TTR amyloidosis, 
Hypocholesterolemia, 
Liver cancer and liver 

metastases 

Phase I (57) 

TKM-PLK1 
TKM-ApoB 

RNAi targeting 
polo-like kinase 1, 

RNAi targeting 
Apo B 

Liver tumors, High 
levels of LDL 
cholesterol 

Phase I (46) 

Stimuvax Anti-MUC1 Non-small cell lung Phase I (58) 
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cancer vaccine cancer 

Exparel  Bupivacaine Nerve block, Epidural Phase II (59) 

1.3 Proliposomes 

Although liposomes have been widely used for drug delivery, the drawbacks cited 

above limit their application for medicinal purposes.  

The proliposomes were developed to overcome the stability problems of the 

liposomes. These were discovered by Payne in 1986 in an attempt to overcome the 

inherent instability to liposomes, presenting an alternative to conventional liposomal 

formulations (60). 
The proliposomes are a new generation drug delivery system (DDS), having several 

advantages over conventional liposomes. They have shown improved stability and ease 

of sterilization on a large scale (19, 61). The maximum amount of drug encapsulation aids 

the penetration of the drug and produces a sustained release effect at the administration 

site. The therapeutic benefits of the proliposome include a high retention of hydrophilic 

material, improved bioavailability, reduced toxicity and taste masking, as also they are 

relatively inexpensive and convenient to prepare. However, the disadvantages of the 

proliposome are related to the preparation methods, due to the need for additional 

measures or sometimes the need of cryo-protective material. The use of organic solvents 

also brings regulatory problems, as the final products may contain residues of this 

solvents (62). 

We can define proliposomes as free-flowing particles which can form the liposomal 

suspension immediately upon contact with water (Figure 6). They are dry, free flowing, 

granular products composed of a mixture of drugs and phospholipids that will form a 

suspension of multilamellar liposomes, that, when dispersed in water, is suitable for 

administration by different routes (63). This solid formulation offers the advantage of being 

physically and chemically more stable in storage than liposomes (62). There are several 

ways to form liposomes from proliposomes, such as the use of an aqueous buffer or pure 

water, with manual or mechanical agitation or heating (62, 64, 65). 
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Figure 6 - Proliposomes are free-flowing particles which can form the liposome immediately upon 

contact with water and incorporate the drug. 

Sterilized proliposomes can be stored in a dry state and then dissolved in aqueous 

solution to form a isotonic liposomal suspension when necessary (62). 

The conversion of proliposomes to liposomes may be accomplished in vivo by the 

effect of physiological fluids or in vitro prior to administration using a convenient hydrating 

fluid (66). 

The carriers selected for the preparation of the proliposome must have high surface 

area and porosity, so that the amount of vehicle needed can be adjusted easily to 

withstand the lipids. Moreover, the proliposomes are composed of a carrier, which is a 

water soluble porous powder where phospholipids and drugs dissolved in a solvent might 

be loaded. Some of the used carriers include maltodextrin, sorbitol, microcrystalline 

cellulose, magnesium, aluminum silicate and mannitol (Figure 7) (61). 

 

Figure 7 - The chemical structure of mannitol. 

Drug WaterPhospholipid Carrier

Prolipossome Lipossome
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1.3.1 Administration routes 

An overall review of scientific papers published in this area showed that the main 

focus is on the development of proliposome for administration by oral, pulmonary and 

parenteral administration.  

 Oral drug delivery 

The oral route is the preferred choices for administration of drugs (67). However, 

many active substances suffer from bioavailability problems due to its low solubility and 

stability in gastrointestinal fluids, poor permeation through this barrier or hepatic 

metabolization (68). 

In the future there will be focus on the delivery of this complex molecules through 

different ways, including oral, nasal, pulmonary, vaginal, rectal, among others (69). 

Numerous studies showed that proliposome may be a possible strategy. Since they are 

solid particles, they may be formulated into dosage forms such as tablets and capsules, 

occurring subsequent formation of the liposomes in vivo upon contact with biological fluids 

(28). Thus, the proliposome provide a unique synergy between the ability of the liposomes 

encapsulate and protect the drugs, and the increased stability that is provided by solid 

dosage forms (69).  

In the delivery systems of conventional oral drugs, there is very little control over the 

drug release (70). The effective concentration at the target site can be achieved by 

intermittent administration of excessive doses, leading to marked side effects (69). A drug 

delivery system for oral administration should continuously deliver a measurable and 

reproducible amount of drug to the target site over a prolonged period (70).  

Typically, they provide numerous advantages, including greater effectiveness in the 

treatment of chronic conditions, reduced side effects, greater convenience, and higher 

levels of patient compliance due to a simplified dosing scheme (69). 

The oral delivery of some lipoproteins could be improved by increasing the ability of 

the liposomes to maintain their integrity at the site of absorption, that can be achieved by 

formulating them in proliposomes (71). Several studies have been reported to 

demonstrate the usefulness of oral proliposomes to provide the adequate solubility and 

bioavailability of insoluble/poorly soluble drugs (72).  

Silymarin proliposomals formulations (prevention and treatment of liver diseases 

and primary liver cancer) were prepared for oral administration and were reported to be 

stable and to increase the gastrointestinal absorption of silymarin (73).  
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The insoluble glyburide (treatment type 2 diabetes) was incorporated into a 

proliposomal formulation and a threefold increase in drug dissolution was observed (74).  

Exemestane proliposomals formulations (aromatase inhibitor steroid) showed that 

the in vitro evaluation, using various models such as bowel rat permeability test of the 

parallel artificial membrane (PAMPA) and Caco-2 cell line, provided useful information to 

improve oral bioavailability due to higher solubility, higher permeability, and thus higher 

absorption (75). 

The improvement of the efficacy of indomethacin (nonsteroidal anti-inflammatory) 

through oral liposomes has the objective of preventing the most common side effect of 

gastric mucosal injury. The concept of proliposomes initially given (76) was adopted to 

avoid the problems of physical stability (77). 

 Pulmonary drug delivery  

Liposomes have emerged as a promising carrier for delivering antitubercular drugs 

directly to the lung. They proved that the peripheral region of the lung can be penetrated 

by nebulization of liposomal dispersion (78). However, the potential instability of 

liposomes includes the drug loss due to hydrolysis/oxidation, leading to physical 

instability, sedimentation and aggregation, and fusion of liposomes during storage. In situ 

liposome formation could overcome the problems associated with the aqueous dispersion 

of liposomes (79, 80). 

The proliposome can provide an efficient delivery system for the treatment of lung 

diseases, offering many advantages, such as that they are biocompatible, biodegradable, 

and relatively non-toxic. They also increase the therapeutic index of the drugs because of 

their promotion of cell delivery and slow clearance, which minimizes or eliminates side 

effects, reducing the dosage or frequency of dosage, the systemic toxicity and the cost of 

therapy. Proliposome levofloxacin for use with dry powder inhalers were prepared by a 

spray drying method using mannitol, as the porous carrier proliposome core has a low 

density and high porosity (80). It was expected that the porous mannitol would improve 

drug delivery to the lung (80). As density decreased, aerodynamic diameter decreased 

accordingly, and increased penetration into the alveolus (81, 82). In vivo tests were made 

on rats administered with proliposomes by intratracheal instillation to confirm the safety of 

the formulations. Proliposome levofloxacin shown to be nontoxic to cells and problems 

associated with the absence of renal and pulmonary toxicity associated with the 

administration of the proliposome, good antimycobacterial activity against Mycobacterium 

bovis, M. tuberculosis and M. bovis in intracellular macrophages (80). 
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Studies with amphotericin B, salbutamol sulphate and beclomethasone dipropionate 

suggested that the use of proliposomes to prepare liposomes is an advantageous strategy 

to incorporate hydrophilic and hydrophobic drug (79, 83). They concluded that liposomes 

coated with chitosan produced from proliposomal formulations were potential carriers for 

drug delivery systems that use spraying (83). 

Furthermore, since proliposomes are in a state of dry powder, they are also suitable 

for liposomal delivery by dry powder inhalers (DPI). DPI proliposomal systems based 

formulations have been developed for drug delivery in the treatment of tuberculosis, 

isoniazid and pyranizamide (79). 

 Parenteral drug delivery 

The application of drug delivery systems for parenteral administration must be 

sterile. However, common sterilization techniques, used in pharmaceutical products, such 

as steam sterilization, gamma radiation and sterilization by filtration cannot be suitable for 

liposome preparations, since they can cause the physical disruption of the lipid 

membrane, thus affecting the intrinsic properties of these vesicular structures (63).  

Another technique for sterilization is aseptic manufacturing, which is applied less 

frequently, because it is expensive and presents difficulties in the validation (84).  

The use of proliposomes to produce liposomes simplifies the process of sterilization, 

providing an improvement in its application for the parenteral administration (85). 

Proliposomes can be sterilized by X-ray irradiation. This sterilization technique has limited 

application to liposomes due to the formation of hydroxyl radicals from water exposure to 

radiation (63). Since proliposomes are available in dry form, the application of this 

sterilization technique has the advantage of generating free radicals (63). They reported 

that intravenous administration of drugs in proliposomal formulation can reduce the side 

effects produced when the free drug methotrexate is administered in this way (86).  

These systems have been used to improve the applicability of drugs with adverse 

side effects and toxicity such as indomethacin, carboplatin, polymyxin E and docetaxel 

(87-89). In such cases, it has been demonstrated that these formulations lead to an 

altered pharmacokinetic behavior of the drug (89). There was a decrease in toxicity of 

polymyxin formulation and adverse side effects of indomethacin. An increase in 

therapeutic efficacy for both carboplatin and indomethacin were observed, and carboplatin 

bioavailability was enhanced (87, 88). 

Additionally, liposomes prepared from proliposomal formulations have also been 

used to direct the indomethacin to the joints and the docetaxel to the lungs. (87, 89).  It 
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was also reported an increased terbutaline sulfate location in the lungs for treatment of 

asthma, when these systems were used (90).  

Liposomes coated polyethylene glycol were prepared to increase the circulation time 

in blood of indomethacin and glycyrrhetinic acid (91). 

1.4 Xanthone  

Xanthones (or xanthen-9-ones) constitute a class of O-heterocycles with a 

dibenzo-g-pyrone scaffold (Figure 8) commonly found as secondary metabolites in higher 

plants, fungi and lichens (92). These oxygenated heterocycles are structurally related to 

other natural compounds with the gγ-pyrone scaffold: flavonoids and chromones (93). 
They can also be obtained by synthesis and several strategies to achieve this goal 

have been described in the literature (93). The xanthone classes bear different types of 

substituents that are able to interact with several biological targets exerting different 

actions. Indeed, the xanthone core is a rigid heteroaromatic tricyclic platform which may 

be considered as a privileged structure since it can provide potent and selective ligands 

through modification of functional groups, allowing them to interact with different 

pharmacological targets (94). 

Naturally occurring xanthone derivatives are subdivided into six major groups: single 

oxygenated xanthones, glycosylated xanthones, prenylated xanthones and their 

derivatives, xanthone dimers, xanthonolignoids and varied, depending on the nature of the 

substituents on the dibenzo-g-pyrone scaffold. By chemical synthesis, simple functional 

groups such as hydroxyl, methoxy, methyl and carboxyl have been introduced into the 

xanthone nucleus as well as more complex substituents such as epoxide, azole, 

aminoalcohol, sulfamoyl and dihydropyridine (94). There is a diversity of biological 

activities described for natural and synthetic xanthones, and the growth inhibitor in tumor 

cell lines seems to be quite important as they exert their effect on a wide range of different 

tumor cell lines (95, 96). 

 

Figure 8 - The chemical structure of xanthone. 
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Invasive brain glioma is the most lethal type of cancer and is highly infiltrating. This 

leads to an extremely poor prognosis and makes complete surgical removal of the tumor 

virtually impossible (97).  

Patients with gliomas have an extremely poor prognosis due to the highly infiltrating 

nature of gliomas (98). The mean survival time is lower than 16 months (99). They are 

even in the contralateral hemisphere, they hide in the areas of the brain and are protected 

by blood-brain barrier (BBB) (100). Therefore, complete removal of gliomas by surgery is 

practically impossible. Conventional surgical methods and / or radiotherapy alone cannot 

completely eliminate cancer cells from the brain (101), and relapse is inevitable. 

Therefore, a crucial challenge is to effectively deliver therapeutic agents to the nucleus of 

cancerous cells as well as migrating cells in the infiltration zone (100). Chemotherapy for 

gliomas is difficult due to two major obstacles: one obstacle is the BBB in brain cancer, 

which separates blood from brain tissue and avoids drug penetration into the central 

nervous system (CNS) and the other obstacle is the heterogeneity of brain cancer. 

For many compounds, the BBB prevents drug delivery to the cerebral parenchyma, 

since systemic administration of the drug is ineffective for the treatment of CNS disorders 

(102). For highly debilitating diseases, an infusion of drugs directly into the brain (intra 

cranial) may be the only viable route of administration. However, agents directly infused 

into the brain in a small volume do not disperse easily from the infusion site. The diffusion 

coefficients are too low to allow even small molecules to move more than a few 

millimeters. Thus, diffusion requires a high concentration gradient to generate effective 

drug concentrations over a long distance (103). Such high drug concentrations generally 

lead to dose-limiting neurotoxicity (102). 

The development of nanotechnology offers powerful tools for therapies to target 

sites. Anchoring them with specific ligands can provide the nanotherapeutics with the 

proper properties to circumvent the BBB (104). 
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2 Objectives  

The main objectives of the present dissertation are:  

• To develop and optimize proliposomal formulations using: egg 
phosphatidylcholine, cholesterol, mannitol,	XGA; 

• To develop an HPLC method for the quantification of XGA in proliposomal 
formulations;   

• To evaluate size, morphology and crystalline state of proliposomal powders;   

• To evaluate size, zeta potential, entrapment efficiency and morphology of 
liposomes obtained by hydration of proliposomes;   

• To evaluate the stability of proliposomes; 

• To test the feasibility of using proliposomes in the cell growth inhibitory activity of 
tumor cell lines using a promising new xanthone derivative. 
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3 Experimental part 

3.1 Materials and Methods  

3.1.1 Materials 

The materials used in this work are presented in Table III. Lipoid E80 (egg 

phospholipids with 80% of phosphatidylcholine) was acquired by Lipoid, cholesterol was 

purchased from Acofarma and methanol used in HPLC was purchased from VWR 

chemicals, with HPLC grade. Mannitol and all the other reagents and solvents were 

purchased from Sigma Aldrich. XGA was obtained by synthesis.  

Table III - Materials used in the experimental work. 

Materials Description Batch number 

Egg 
phosphatidylcholine 

LIPOID E80 – LIPOID GMBH 4. D-67065 

Cholesterol Acorfarmaâ 150840-J-1 

Mannitol D-Mannitol ³98%, SIGMA ALDRICHâ 150965-P-1 

XGA Synthesized by the Laboratory of 
Organic and Pharmaceutical Chemistry 

FFUP/CIIMAR 

 

Ethanol Panreac, AppliChem GmBH  

Methanol AnalaR NORMAPUR; BDH 
PROLABOâ, VWR CHEMICAL 

 

Methanol (HPLC) HiPerSolv CHROMANORM; HPLC 
gradient grade; BDH PROLABOâ, VWR 

CHEMICALS 

 

Ultrapure water Type I; 18.2 µW at 25ºC; Milli-Qâ; Merck 
Millipore 

 

3.1.2 Methods  

 Preparation of proliposomes and liposomes 

The chosen method for the preparation of liposomes was the lipid film hydration. 
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The chosen method for the preparation of proliposomes was Spray-Drying (SD), 

since it showed a great potential to combine particle engineering and drying in one step, 

being able to produce particles with a spherical morphology.  

Regarding the raw materials (105, 106), phosphatidylcholine, is one of the most 

abundant lipids in biological membranes, and explains why it is widely used in the 

preparation of liposomes. It has the ability to mimic the behavior of membranes, is 

biocompatible and biodegradable. The presence of cholesterol in the membranes of the 

liposomes is advantageous, as it allows their stabilization, reducing leakage of the drug 

from the interior, decreases membrane fluidity, and provides favorable drug retention 

properties. 

Proliposome formulations are comprised of a lipid part and a carrier material. For 

this study, the lipid part was composed by a mixture of egg phospholipids with 80% of 

phosphatidylcholine (PC) and cholesterol (CH), and the carrier material used was 

mannitol (the carrier was only used in proliposomes). 

3.1.2.1.1 Preparation of proliposomes 

Choosing the best mass ratio PC:CH and lipids:mannitol (Table IV) previously 

obtained (106), proliposomes with and without XGA were produced using SD method, 

with 1% of the drug tested (XGA) in relation to the mass of lipids. 

Table IV - Constituents used in the preparation of proliposomes. 

 

The PC and CH were dissolved in ethanol and the mannitol was dissolved in water, 

and both substances were transferred to a 100 mL volumetric flask and make up to 

volume. In the preparation of the formulations with XGA, the drug was dissolved in 

absolute ethanol along with the lipids. The proliposome formulation was prepared, 

followed by drying with the SD technique; the experimental conditions used were as 

follows: Temperature: 80ºC, Compressed air flow: 90 L/min, Pressure: 30 mbar, Spray 

nozzle membrane: 5.5 µm 

The SD method is used primarily when particles of uniform size and shape are 

required. It has a relatively low cost and is suitable for production proliposomes in a single 

large scale. A characteristic of the drying process lies in its ability to involve either the 

formation of particles and the drying in a single continuous step, allowing better control of 

Formulation PC:CH Lipid: Mannitol PC (mg) CH (mg) Mannitol (mg) 

1 3:1 1:10 142.52 mg 24.17 mg 1666.90 mg 
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particle (107). SD is not limited to aqueous solutions, but may also be used for 

non-aqueous systems for preparing particles (63, 108). 
The SD process involved four stages (107): atomization of the product by a spray 

nozzle, spray-air contact, drying of the sprayed droplets and collection of the solid. 

Initially, the liquid dispersions containing pure lipid (or lipids) and the carrier solvent 

were prepared and pumped into the drying chamber (Figure 9). The dispersions were 

atomized into the drying chamber using a spray nozzle, dried in a concurrent air flow and 

then collected in a reservoir (63, 108). 

  

Figure 9 - Apparatus for the preparation of proliposomes by SD: 1 - drying gas inlet, 2 - electrical 

heater, 3 - inlet temperature sensor, 4 - display/control, 5 - spray head, 6 - spray cylinder and 

drying section, 7 - finished product at particle collecting electrode, 8 - particle collecting electrode, 

9 -  grounded electrode, 10 - outlet temperature sensor, 11 - outlet filter, 12 - drying gas outlet 

(109). 

The Nano Spray Dryer B-90 (Buchi Labortechnik, Switzerland) uses 

piezotechnology to generate precisely controlled micro droplets from bulk liquids without 

the use of propellants. The spray head includes a piezoelectric actuator with a thin 

stainless steel membrane. The membrane has an array of micron-sized holes (spray 

meshes of 4.0, 5.5 or 7.0 μm hole size) and vibrates at ultrasonic frequency (60 kHz). 

Because of these vibrations the membrane ejects precisely sized droplets at high speed 

(109). 
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Figure 10 - The spray head membrane mechanism (110). 

After the process was completed, the apparatus was dismantled to remove the inner 

cylinder, where the particles were collected with the aid of a scraper (nanoparticle 

scraper). At the end of the process, the proliposomes were collected into glass vials and 

stored in a desiccator. 

3.1.2.1.2 Preparation of liposomes 

For the preparation of liposomes by thin lipid film hydration method, the lipids, CH 

and egg phosphatidylcholine were mixed in chloroform: methanol in a 3:2 ratio. In a 

round-bottomed flask, the preparation was dried by rotary evaporation (R-210 Buchi, 

Canada) during 30 minutes under reduced pressure. Hydration of the film was done with 

phosphate buffer solution (PBS), pH=7.4, and 5 mL of this solution were measured. The 

liposomes were vortexed to remove the lipid film. Then, the liposomes were extruded 

(Lipex, Canada), three times through a three different filters, 600 nm and 200 nm, and 

then 10 times through a 100 nm filter. Thus, the liposomes were obtained with and without 

XGA with a size of approximately 100 nm. 

3.1.3 Characterization of proliposomes and liposomes 

The characterization of the proliposome and liposomes can be done by numerous 

ways as shown below.  

 Hydration study 

The ability of the proliposome to form liposomes on hydration involves placing a 

small amount of proliposome powder on a glass slide and slowly adding water dropwise 

and then observing microscopically to visualize the formation of vesicles. Liposomes are 
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quickly formed in hydration during the process of dissolution and disintegration. This 

involves hydrating the lipid surface to form liposomes that are formed by the core of the 

proliposome. The process is subjected to lipid hydration and dissolution of the carrier 

(111). 

The proliposome powders were hydrated using purified water and agitated to 

obtain liposomal dispersions, and then filtered through a 5 μm filter, in order to destroy 

possible aggregates. 

Proliposomes and liposomes were prepared with and without XGA. The results of 

the mean diameter, polydispersity index and zeta potential. A statistical analysis was 

performed to determine if the differences between the zeta potential and the mean 

diameter with and without drug were statistically significant, that is, whether the XGA 

influenced these parameters or not. 

 Particle size 

3.1.3.2.1 Dynamic Light Scattering  

Dynamic Light Scattering (DLS) or Photon Correlation Spectroscopy (PCS) is a 

technique that, when light strikes the small particles, disperses it in all directions (Rayleigh 

scattering). If the light source is a laser, and thus is monochromatic and coherent, 

scattering intensity fluctuates over time. This variation is due to the fact that small 

molecules in solution are subjected to random motion of particles suspended in a fluid, 

and thus the distance between the scatters in the solution is constantly changing with time 

(Figure 11). This scattered light then passes through any constructive or destructive 

interference by the surrounding particles, and within this intensity variation, information is 

contained on the disperser circulation time scale. The sample preparation or filtration or 

centrifugation is critical to remove dust and articles from solution (112). A detector 

measures the change in the intensity of scattered light. Fluctuations in scattered light are 

induced by random Brownian motion of particles, and according to the Stokes-Einstein 

equation, are inversely related to particle diameter. Therefore, these fluctuations are faster 

in small particles and slower in the case of larger particles (44):  

D3
KTd
ph

=     Equation 1 

where “d” is the hydrodynamic diameter, “D” is the translational diffusion coefficient, “k” is 

the Boltzmann's constant, “T” is the absolute temperature, and “η” is the viscosity of the 
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surrounding medium. However, this technique is suitable for estimating the polydispersity 

index (PI), which is a measure of homogeneity of the particle size distribution. DLS was 

applied to liposomal formulations prepared from proliposomal to measure the size of the 

vesicles (113, 114).  

 

Figure 11 - The DLS technique is the variations in the intensity of the light dispersed by the 

particles, which are related to their size, that is, smaller particles correspond to higher velocities in 

the fluctuation of light intensity (115). 

The effective diameters were evaluated by DLS, using an apparatus which is 

suitable to measure the diameter of particles until 5 μm (Brookhaven Instruments 

Corporation, Holtsville, NY, USA). Thus, particles with a higher diameter were not counted 

for the mean values of effective diameter. Thus, after hydration of the proliposomic 

formulations, the dispersion was filtered through a 5 μm filter; however for the liposomal 

formulations, the filter used in the extrusion was 100 nm. Considering this, the range of 

measured diameters seems to be appropriated to measure the obtained liposomes. 

The data collected by the software Particle sizer (Version 5, Brookhaven 

Instruments Corporation, Holtsville, NY, USA) was expressed in mean ± standard 

deviation. 

3.1.3.2.2 Scanning Electron Microscopy 

The Scanning Electronic Microscopy (SEM) is capable of producing high-resolution 

images of a surface on the scale of nanometers to micrometers. The SEM microscope 

uses an electron beam finely focused to irradiate the sample to analyze. When the 

electron beam strikes the sample, elements at the surface release electrons and protons, 

whose intensity is used to produce the SEM image. Due to the way in which the image is 
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created, the SEM images have a characteristic three-dimensional appearance and are 

useful for evaluating the sample surface structure (116). 

SEM is mainly used to visualize the surface morphology of the proliposome powder 

(117). SEM can also reveal the surface morphology of the dried powders proliposomes 

(118).  
The SEM / EDS exam was performed using a High resolution Scanning Electron 

Microscope with X-Ray Microanalysis and CryoSEM experimental facilities: JEOL JSM 

6301F/ Oxford INCA Energy 350/ Gatan Alto 2500. The specimen was rapidly cooled 

(plunging it into sub-cooled nitrogen – slush nitrogen) and transferred under vacuum to 

the cold stage of the preparation chamber. The specimen was fractured, sublimated 

(‘etched’) for 90 sec. at -90°C, and coated with Au/Pd by sputtering for 45 sec. The 

sample was then transferred into the SEM chamber. The sample was studied at a 

temperature of -150°C. 

The SEM / EDS exam was performed using a High resolution (Schottky) 

Environmental Scanning Electron Microscope with X-Ray Microanalysis and Electron 

Backscattered Diffraction analysis: Quanta 400 FEG ESEM / EDAX Genesis X4M. 

Samples were coated with an Au/Pd thin film, by sputtering, using the SPI Module Sputter 

Coater equipment. Each image contains a data bar with the most important analysis 

conditions. 

 Particle stability 

3.1.3.3.1 Zeta Potential 

Particulate potential dispersion exposure zeta it’s a physical property that allows 

indirect measurement of surface charge (119). The magnitude of this property gives an 

idea of the long-term stability of the colloidal dispersion. In addition, the Zeta Potential 

(ZP) can provide information regarding the electrostatic interactions of liposomes with cell 

membranes. The stability of colloidal dispersions depends mainly on two factors: the steric 

repulsion, which requires the addition of a polymer, and electrostatic or charge 

stabilization (120). This parameter is related to the repulsion of particles that can be 

sufficiently high to prevent flocculation or coagulation. If the ZP of liposomes dispersion 

has a high absolute value (generally higher than 30), there is a tendency for the repulsion 

between the nanoparticles (121).  

The distribution of ions around the liposome in an aqueous medium is affected by 

the load on its surface. It forms a double electric layer, which has two separate parts: an 

inner part containing adsorbed ions, and a diffuse part, where the ions are less firmly 
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associated (Figure 12). In this part, the ion distribution is influenced by electrical forces 

and random thermal motion. There is an adherent layer of solvation to the surface formed 

by a certain amount of solvent bound to the ions and the surface. The boundary of this 

layer, called cutting plane, is a boundary representation for the relative motion between 

the solid, with the retained material, and liquid. The liposomes are dispersed in an 

electrolyte and an electric field is applied to them, which move at a constant speed to the 

oppositely charged electrode. This speed is measured and expressed in field strength unit 

as their mobility and when this value is known, the ZP (“ζ”) can be calculated by the 

equation of Smoluchowski (122, 123): 

e= µ
e
h

z     Equation 2 

where the “µe” is the electrophoretic mobility, “η” is the viscosity of the medium and e is 
the dielectric constant (61). 

 

Figure 12 – Potential difference as a function of distance from the charged surface of a particle 

dispersed in a liquid medium (124). 

The sample was placed in a cuvette, where an electrode is inserted, ZetaPALS 

equipment (Brookhaven Instruments Corporation, Holtsville, NY, USA). The results 

analised by the software PALS Zeta Potential Analyzer (Version 5, Brookhaven 

Instruments Instruments Corporation, Holtsville, NY, USA) were expressed in mean ± 

standard deviation. 
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 Thermal behavior of proliposome powders 

The study of the drug–excipient and excipient-excipient compatibility studies was 

performed using a DSC 200F3 Maia (Netzsh–Gerätebau GmbH, Germany). 

Individual samples (drug and excipients) as well as the formulations of proliposomes 

and liposomes were weighed directly in DSC aluminum pans and scanned in the 

temperature range of -40 to 340°C under nitrogen atmosphere with flow of 40 mL /min. 

A heating rate of 10°C/min was used and the obtained thermograms were observed 

for any interaction. An empty aluminum pan was used as reference. The onset 

temperatures were calculated using Proteus Analysis software (Version 6.1, 

Netzsh-Gerätebau GmbH, Germany). 

The DSC cell was calibrated (sensitivity and temperature calibration) with Hg (m.p. -

38.8°C), In (m.p. 156.6°C), Sn (m.p. 231.9°C), Bi (m.p. 271.4°C), Zn (m.p. 419.5°C) and 

CsCl (m.p. 476.0°C) as standards. 

 Assay of XGA 

XGA was metered using a reverse phase High Performance Liquid Chromatography 

(HPLC) method. The apparatus used was the Dionex Ultimate 3000 (Thermo Scientific, 

Germany) with a column ACE 5 C18 (internal particles diameter: 3 μm; dimensions: 15 x 

0.46 cm). The chromatograms were analyzed using Chromeleon software (version 6.80, 

Dionex, EUA) and the elution used was isocratic. The methanol and water were chosen 

as eluents (72:28), at a flow of 1.0 mL/min. Then, calibration curves were prepared the 

drug solution with the five different concentrations 20, 30, 40, 50 and 60 µg/mL and was 

injected 5 times (125). The chromatographic parameters were calculated: retention time 

(tr), peak area (mAU.min), retention factor (K), number of theoretical plates (N), resolution 

(Rs) and tailing factor (T) (126).  
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To determine the detection wavelength of the XGA, a drug solution in 

methanol/water (72:28) was prepared and an absorption spectrum was drawn between 

the wavelength of 200 and 400 nm in a spectrophotometer (Jasco v-650, Germany) using 

a proper software (Spectra Manager Version 2, Jasco, Germany). 

3.1.3.5.1 Entrapment efficiency 

220 mg of proliposomes were weighed and diluted in 2 mL of ultra-pure water. The 

diluted samples were filtered through a 5 µm nitrocellulose membrane filter to reject 

unincorporated XGA. Subsequently, methanol dilution of 1:8 and subsequent manual 

shaking was performed to allow the release of the XGA which was encapsulated in the 

liposomes. The obtained mixture was centrifuged (5000 rpm for 15 min) (Model 5804, 

Eppendorf, USA) and the filtered supernatant (0.45 µm PTFE filter, OlimPeakÒ) to obtain 

an XGA solution. The obtained samples were then evaluated by HPLC, and each sample 

was injected three times. 

HPLC analysis of the samples was done under the same XGA assay conditions. 

By interpolation of the calibration curve, the actual XGA concentration was obtained. The 

theoretical concentration of XGA was calculated by taking into account the amount of 

XGA placed during the production of the proliposomes and the dilutions effected 

throughout the procedure for the determination of the incorporation efficiency. Thus, the 

encapsulation efficiency (EE) was calculated by the following formula: 

100×
C
C=EE(%)

nformulatio

filtrate    Equation 7 

where Cfiltrate is the concentration of the drug in the filtrate (µg/mL) and Cformulation is the 

concentration of the drug in the formulation (µg/mL). 

 Cell viability  

The assays related to the inhibition of the 3 tumor lines of the glioma where realized 

out under the supervision of Prof. Dr. Hassan Bousbaa and Drª Patricia Silva. 

U251, U373 and U87-MG glioblastoma cells were grown in DMEM culture medium 

supplemented with 10% fetal bovine serum (FBS, Biochrom) and were maintained at 37°C 

in a 5% CO2 humidified incubator. All experiments were performed when exponentially 

growing cells presented more than 95% viability. 
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Cell viability was determined with MTT (3-(4, 5-dimethylthiazolyl-2)-2,5-

diphenyltetrazolium bromide) assay (Sigma-Aldrich). A total of 5x104 glioblastoma cells 

were seeded in 96-well plate, allowed to attach for 24 h. Cells were then treated for 48 h 

with XGA, proliposomes with and without XGA and liposomes with and without XGA. 48 h 

later, cells were placed in fresh FBS-free medium and 20 µL MTT reagent (5 mg/mL in 

PBS) was added and incubated at 37ºC and 5% CO2 for 4 h. The purple formazan crystals 

were solubilized with a detergent solution (89% v/v) 2-propanol, 10% (v/v) Triton X-100, 

1% (v/v) HCl 3.7%), for 2 h. Optical density was measured at 570 nm in a microplate 

reader (Biotek Synergy 2, Winooski, VT, USA). Cell viability was calculated relative to 

untreated cells. 

 

Figure 13 - Preparation of the 96 well plate with the XGA formulations, liposomes, XGA liposomes, 

proliposomes and XGA proliposomes at concentrations of 0.1 μM, 1 μM, 10 μM and 100 μM. 

3.2 Statistical analysis 

The results were statistically analyzed using the t-student test, after confirming the 

normality and homogeneity of the variance with the Shapiro-Wilk and Levene tests. 

Significance was set at p <0.05. All the statistical analyzes were performed with the 

software, IBM SPSS Statistics for Macintosh (Version 24.0. Armonk, NY: IBM Corp., 

USA). 

4 Results and discussion 
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4.1 Preparation of proliposomes and liposomes 

According to previous studies (105, 106), it was found that the molar ratios that 

presented the best results were the PC:CH (3:1) molar ratio and the carrier:lipid (10:1). 

Empty proliposomes were prepared and results obtained by DLS can be seen in Table V. 

These results obtained showed that the proliposomes, after hydration, formed liposomes. 

Table V - Results of empty proliposome formulations by DLS. 

Formulation Effective 
diameter (nm) PI ZP (mV) 

Empty proliposomes 178.63 ± 45.07 0.27 ± 0.03 -47.16 ± 1.53 

4.1.1 Particle size and zeta potential 

The effective diameter, the PI and ZP values of the proliposome formulations, and 

liposomes with and without XGA are shown in the Table VI. 

Table VI - Results obtained from the mean diameter (nm), polydispersity index and zeta potential 

(mV), for formulations prepared by SD, using proliposomic and liposomal formulations, with and 

without XGA. 

Formulation Effective 
diameter (nm) PI ZP (mV) 

Prolipo+XGA 199.37 ± 20.55 0.26 ± 0.01 -39.28 ± 7.06 

Proliposome 178.63 ± 45.07 0.27 ± 0.03 -47.15 ± 1.51 

Lipo+XGA 102.37 ± 2.11 0.10 ± 0.01 -25.62 ± 2.60 

Liposome 117.10 ± 5.80 0.33 ± 0.01 -44.10 ± 8.44 

 

Figure 14 and Table VI shows the results obtained from the mean diameter (nm), PI 

(mV) and ZP, for formulations prepared by SD, using proliposomal and liposomal 

formulations, with and without XGA. The mean diameter in the presence of XGA was 

199.37 ± 20.55 nm, compared to the drug-free formulation, 178.63 ± 45.07 nm. However, 

this difference was not statistically significant (p ³ 0.05) (Appendix I and VI) (127). 

The effective diameter of the liposomes with and without XGA is shown in Figure 15 

and Table VI. The drugless formulation has an effective diameter of 117.10±5.80 nm and 
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for the drug formulations the effective diameter value is 102.37 ± 2.11 nm. The effective 

diameter decreased significantly when the drug was placed in the formulation (p £ 0.05), 

probably because XGA, in some way, affected the physical structure of the lipid 

organization (Appendix II and VI) (128). 

 

Figure 14 – Box and whisker plot of effective diameter of liposomes formed by hydration of 

proliposomes produced by SD, with and without XGA (p = 0.509).  

 

Figure 15 - Box and whisker plot of effective diameter of liposomes with and without XGA 

(p = 0.017). 

For all the studied formulations, ZP was more negative than -30 mV, indicating 

eventual electrostatic stability. 
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Figure 16 and Table VI shows that, for drugless proliposome formulations, the ZP 

was between -47.15 ± 1.51 mV, whereas for the XGA formulations the ZP values ranged 

from -39.28 ± 7.06 mV. The presence of XGA didn’t affected the ZP of liposomes 

(p = 0.132) (Appendix VII). 

 

Figure 16 - Box and whisker plot of ZP of liposomes formed by hydration of proliposomes produced 

by SD, with and without XGA (p = 0.132). 

Finally, in Figure 17, for the drugless liposome formulations, the ZP was 

between -44.10 ± 8.44 mV whereas for the formulations with XGA the ZP values ranged 

between -25.62 ± 2.60 mV. These differences were statistically significant (Appendix VII). 

 

Figure 17 - Box and whisker plot of ZP of liposome with and without XGA (p = 0.022). 



32 

4.1.2 Stability of proliposomes 

The proliposomes with and without XGA were tested in order to determine their 

stability, after 15 days, 1 month and 3 months from the first reading in the DLS. After 

producing proliposomes, they were kept in a desiccator at room temperature. 

Proliposomes were analyzed by DLS and hydrated to characterize the obtained 

liposomes.  

a) 15 days after 

Figures 18 and 19 shows the variation in size and ZP of the liposomes obtained 

after hydration of the proliposomes by the SD method 15 days after its production. No 

statistically significant changes were found in the effective diameter after 15 days of 

proliposome production. Also, the PI were similar to those measured on the day of 

production (Table VII, Appendix III). 

Table VII - Results obtained from the mean diameter (nm), PI and ZP (mV), for formulations 

prepared by SD, using proliposomic and liposomal formulations, with and without XGA, after 

15 days. 

Formulation Effective diameter 
(nm) PI ZP (mV) 

Prolipo+XGA 195.53 ± 22.09 0.29 ± 0.03 -42.05 ± 3.72 

Proliposome 206.53 ± 37.58 0.26 ± 0.01 -36.72 ± 5.78 

 

The proliposomes with and without drug had a size of 195.53 ± 22.09 nm and 

206.53 ± 37.58 nm, respectively (Figure 18, Table VII). With respect to ZP (Figure 19) the 

values were close to -30 mV, with no statistically significant differences (Appendix VI 

and VII). 
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Figure 18 - Box and whisker plot of effective diameter of liposomes formed by hydration of 

proliposomes produced by SD, with XGA and with no XGA, at the day of production and at day 15 

(p = 0.685). 

 

Figure 19 - Box and whisker plot of ZP of liposomes formed by hydration of proliposomes produced 

by SD, with XGA and with no XGA, at the day of production and at day 15 (p = 0.250). 

 

b) 1 month after 

Figure 20 and 21 shows the production of the proliposomes after 1 month. The 

proliposomes with and without drug had a size of 225.63 ± 54.74 nm and 275.50 ± 6.78 
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nm, respectively (Figure 20, Table VIII). With respect to ZP (Figure 21) the values were 

close to -30 mV, with no statistically significant differences (Appendix IV).  

Table VIII: Results obtained from the mean diameter (nm), PI (mV) and ZP, for formulations 

prepared by SD, using proliposomic and liposomal formulations, with and without XGA, after 

1 month. 

Formulation Effective diameter 
(nm) PI ZP (mV) 

Prolipo+XGA 225.63 ± 54.74 0.20 ± 0.17 -27.96 ± 10.65 

Proliposome 275.50 ± 6.78 0.24 ± 0.06 -39.43 ± 2.29 

 

 

Figure 20 - Box and whisker plot of effective diameter of liposomes formed by hydration of 

proliposomes produced by SD, with XGA and without XGA, at the day of production and at 1 month 

(p = 0.191). 
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Figure 21 - Box and whiskers plot of zeta potential of liposomes formed by hydration of 

proliposomes produced by SD, with XGA and without XGA, at the day of production and at 1 month 

(p = 0.142). 

c) 3 months after 

The production of proliposomes after 3 months can be seen in Figures 22 and 23. 

The proliposomes with and without drug, had a mean size of 176.97 ± 40.51 nm and 

194.73 ± 63.41 nm, respectively (Figure 22, Table IX). With respect to ZP (Figure 23) the 

values were close to -30 mV, with no statistically significant differences (Appendix V). 

Table IX: Results obtained from the mean diameter (nm), PI (mV) and ZP, for formulations 

prepared by SD, using proliposomic and liposomal formulations, with and without XGA, after 

3 months. 

Formulation Effective diameter 
(nm) PI ZP (mV) 

Prolipo+XGA 194.73 ± 63.41 0.23 ± 0.07 -36.30 ± 4,71 

Proliposome 176.97 ± 40.51 0.28 ± 0.02 -46.79 ± 12.64 
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Figure 22 - Box and whisker plot of effective diameter of liposomes formed by hydration of 

proliposomes produced by SD, with XGA and without XGA, at the day of production and at 

3 months (p = 0.704). 

 

Figure 23 - Box and whisker plot of ZP of liposomes formed by hydration of proliposomes produced 

by SD, with XGA and without XGA, at the day of production and at 3 months (p = 0.249). 

4.1.3 Particles morfology 

The CryoSEM technique was used to capture images of the particles obtained after 

proliposomes hydration, in order to evaluate their morphology. Figure 24 shows the 

particles obtained from proliposomes produced by spray drying, without XGA. Particles 

having a spherical shape were observed. Figure 25 shows the morphology of the particles 

obtained by hydration of proliposomes produced by SD, with XGA. As observed, the 



37 

presence of XGA in proliposomes didn´t not altered the morphology. Both type of particles 

presented a very small size, but however, it is possible to observe particles of larger sizes.  

 

Figure 24 - CryoSEM images of liposomes formed by hydration of proliposomes produced by the 

SD method, without XGA at x 50000 magnification. 

 

Figure 25 - CryoSEM images of liposomes formed by hydration of proliposomes produced by the 

SD method, with XGA at x 50000 and 25000 magnification, respectively.  

Figure 26 and 27 shows the liposomes, without and with XGA, respectively. 

Particles having a spherical shape were observed, and it is possible to conclude that the 

presence of XGA in liposomes didn´t not alter their morphology.  
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Figure 26: CryoSEM images of liposomes without XGA at x 50000 magnification. 

 

Figure 27 - CryoSEM images of liposomes with XGA at x 10000 magnification.  

The surface morphology of proliposome powders without and with XGA produced 

from the spray drying method was examined by SEM. Figure 28 and 29 shows the 

spherical particles, with a high surface area. Also, the incorporation of XGA within 

proliposomes didn´t altered the morphology of the nanoparticles. The quantity of particles 

in the conventional SEM were much greater, when compared with CryoSEM, since they 

were not submitted to hydration. The SD seems to produce more uniform powdered 

particles, and allowed a fast dispersion of the powder when hydrated in order to form 

liposomes. 
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Figure 28 - SEM images of the surface of proliposome powders without XGA produced from the SD 

method.  

 

Figure 29 - SEM images of the surface of proliposome powders with XGA produced from the SD 

method.  

4.1.4 Thermal behavior of proliposome powders  

The thermal behavior of proliposome powders was analyzed by differential 

scanning calorimetry (DSC), which measures the onset temperature changes of the 

material (129, 130).  

Figure 30 and Table X presents the DSC data from the components of 

proliposomal formulations. The mannitol peak in thermogram was used a as a reference 

peak for the thermal study of the proliposomal formulations. 
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Figure 30 - DSC thermograms of cholesterol, egg phosphatidylcholine, mannitol and XGA. 

Table X - DSC data of thermograms of cholesterol, egg phospatidylcholine, mannitol and XGA. 

Formulation Onset (ºC) 

CH 147.3±0.17 

PC 2.47±0.81 

Mannitol 165.1±0.23 

XGA 199.10±3.10 

Proliposome without XGA 153.30±11.52 

Proliposome with XGA 153.30±11.52 

Liposome without XGA Not visible 

Liposome with XGA Not visible 

 

Figure 31 shows the mixture of components of the proliposomal formulation, where 

we can see all the peaks of each component; however in the proliposomal formulation 
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only the peak of mannitol (carrier) was visible, since this one was in much larger 

proportion compared with others. The presence of lipids in the formulation decreases the 

onset temperature of the mannitol peak, revealing the interaction between the lipid part 

and the carrier material of the formulation. What can be seen in the thermogram is that the 

lipids are well dispersed and present no crystalline forms, hence no peak for the lipids is 

visible (131). The presence of XGA in the formulation didn´t not altered the onset 

temperature of the mannitol peak. Other studies showed similar results (80, 131). 

Figure 32 shows the DSC thermograms and DSC data of liposomes with and 

without XGA and each compound isolated (CH, PC, XGA).  

 

Figure 31 - Mixture of the components of the proliposomal formulation and their constituents.  

 

Figure 32 - Mixture of the components of the liposomal formulation and their constituents.  
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Proliposome
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CH

XGA
PC
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4.1.5 Entrapment efficiency  

 Quantification of XGA by HPLC 

The UV spectrum of XGA was performed with the spectrophotometer, varying the 

wavelength from 200 to 400 nm (Figure 33). One of the peaks of absorption of XGA 

occured at 300 nm wavelength, which was chosen to detect the compound by the HPLC 

method for the EE.  

 

Figure 33 - Absorption spectrum between the wavelengths 200 to 400 nm. 

As previously referred and in order to quantify XGA in proliposomal formulations, a 

methodology using HPLC equipped with a DAD detector was used. The results are shown 

in Table XI. 

Table XI - Chromatographic parameters of 5 injections in the methanol / water (72:28) proportions 

of substance XGA. 

tr 
Area 

(mAU.min) 
Number of 

theorical plates Resolution Symmetry K 

5.21 2.5605 1435 3.9 1.04 2.47 

5.23 2.5389 1519 3.9 1.03 2.49 

5.23 2.5293 1527 3.9 1.03 2.49 

5,23 2.6293 1494 3.7 1.12 2.49 

5.23 2.5645 1493 3.9 1.06 2.49 
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The value of t0 was estimated as follows: for a 15 cm x 4.6 mm column and a flow of 

1.0 mL / min, obtaining: 

Vm = 0.5 x 15.0 x 0.462= 1,6 mL and  t0 = 1.6/1.0 = 1.6 min 

The Table XII shows the concentration of XGA and respective mean peak area 

obtained from the chromatogram of XGA. Data were fitted to least squares linear 

regression and a calibration curve was obtained (Figure 34 – A), with the respective 

equation of the curve (Equation 5) having a correlation coefficient (R) of 0.9992 

demonstrating good linearity in the tested range for XGA. 

Table XII - Concentration of XGA and respective mean peak area. 

Concentration (μg/ml) Mean peak area 

25.6 1.0813 

30.0 1.3568 

40.7 2.1650 

50.6 2.7439 

61.2 3.4443 

 

0.6114-x0.0665 = y     Equation 8 

Figure 34 - B shows the residuals values of XGA standard solutions which were 

randomly dispersed, reinforcing the linearity of the method. 
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Figure 34 - Calibration curve (A) and residual plot (B) of XGA HPLC method. 

 

Figure 35 - Standard solution chromatogram and UV spectrum at 300nm for the specific detection 

of the compound. 

The EE of XGA in liposomes obtained by hydration of proliposomes was 

determined by a direct measurement of the compound that was encapsulated in the 

formulation by an HPLC method. Figures 36 and 37 shows chromatograms of both the 

proliposome formulations which are subsequently hydrated and form liposomes, and from 

direct liposomes. Proliposome formulations demonstrated higher entrapment efficiency 

because XGA become more encapsulated. Table XIII shows that proliposomes have 

higher drug entrapment efficiency than liposomes, since the percentages are relatively 

higher than in liposome formulations. 
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Figure 36 - HPLC chromatogram of the proliposome formulation. 

 

Figure 37 - HPLC chromatogram of the liposome formulation. 

Table XIII - Entrapment Efficiency (EE) mean results. 

EE Proliposomes EE Liposomes 

1 87% 86% 87% 1 93% 80% 78% 

2 87% 89% 88% 2 78% 79% 78% 

3 88% 85% 87% 3 78% 77% 81% 

Mean 87.1% Mean  80.2% 

4.1.6 Cell viability  

The different formulations of XGA, proliposomes with and without XGA and 

liposomes with and without XGA were evaluated in glioma cells, to verify their effects on 

cell viability. 
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Figure 39 shows the viability of XGA. In concentrations between 10 and 100 μM 

there is inhibition in the 3 tumor cell lines of the compound.  

 

Figure 38 – Cell viability using XGA (glioma cell lines: U251, U373 and U87MG, with difference 

concentrations of 0.1, 1, 10 and 100 µM). 

Figure 39 and 40 shows the cell viability (in percentage) when exposed to liposomes 

without and with XGA. The viability of the liposomes without drug (Figure 39) shows that 

there is no change in any concentration in the three tumor lines, as there was no inhibition 

of tumor cells. However, in XGA liposomes (Figure 40), there was inhibition in the three 

tumor lines in the concentration of 100 µM. 
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Figure 39 – Cell viability using liposomes without drug (glioma cell lines: U251, U373 and U87MG, 

with difference concentrations of, 0.1, 1, 10 and 100 µM). 

 

Figure 40 – Cell viability using liposomes with XGA (glioma cell lines: U251, U373 and U87MG, 

with difference concentrations of, 0.1, 1, 10 and 100 µM). 

Figure 41 and 42 shows the cell viability when exposed to proliposomes without and 

with XGA. The viability of the proliposomes without drug (Figure 41) shows that there was 

a change in the 3 tumor lines, which may indicate that the empty proliposome showed 

some toxicity, and it may be due to mannitol. Because mannitol can have an osmotic 

effect, that is, as mannitol is a sugar, it causes the hyperosmotic effect, leading to cell 
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death. However, in XGA proliposomes (Figure 42), there was inhibition in the 3 tumor 

lines in the concentration between 10 and 100 µM. 

 

Figure 41 - Cell viability using proliposomes without XGA (glioma cell lines: U251, U373 and 

U87MG, with difference concentrations of, 0.1, 1, 10 and 100 µM). 

 

Figure 42 - Cell viability using proliposomes with XGA (glioma cell lines: U251, U373 and U87MG, 

with difference concentrations of, 0.1, 1, 10 and 100 µM). 
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5 Conclusion and future work 

Liposomes have numerous advantages since they are similar with cell membranes. 

However, the physical and chemical instability limits their use, restricting their shelf-life 

and their clinical applications. 

The proliposomes have been studied as an alternative to the conventional 

liposomes. They are solid particles formed by lipids and a transporter, that, when 

hydrated, originate liposomes. The fact that they are solid particles gives them more 

stability when compared to the traditional liposomes. 

In this work, proliposomes and liposomes have been developed as a drug carrier of 

a promising antitumor synthetic xanthone derivate (XGA). Xanthone usually present poor 

water solubility and their encapsulation in nanosystems might be a strategy to solve this 

solubility problem. 

Proliposomes and liposomes were produced with and without the drug. The 

proliposomes were produce by Spray Drying and the liposomes were produce by the 

conventional described method, thin lipid film hydration. After obtaining the proliposomes, 

they were hydrated to form the liposomes. Both formulations were characterized by size, 

zeta potential, encapsulation efficiency, morphology and cell viability. Viability was 

characterized in 3 different types of tumor cells: U251, U373 and U87MG. It has been 

found that when the concentration of compound is between 10 and 100 µM it inhibits the 

three types of cell lines. 

The results showed that the liposomes obtained from the proliposomes have an 

average diameter of 200 nm. In comparison, the traditional liposomes presented an 

average size in the order of 100 nm. Both formulations presented good zeta potential 

values.  

The stability of the proliposomes was tested and showed no significant changes in 

liposome properties after 15, 30 and 90 days.  

The use of the CryoSEM and SEM techniques allowed the evaluation of the 

morphology of the proliposomes and liposomes formulations, showing them as spherical 

particles with a uniform morphology. 

Both the liposomal formulations were able to inhibit the tumor cell lines. However, 

the drug-free proliposomal formulation showed some toxicity. 

One of the next steps in the continuation of this work should be the study of the 

toxicity of the empty proliposomes and the toxicity of the carrier. 
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It is also necessary to verify the viability in normal cells to be able to compare with 

the results of the tumor cell lines tested. The antitumor activity of this novel drug could 

also be tested in other types of tumor cell lines.   
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7 Appendices  

Appendix I – Statistical results characterization of liposomes formed by hydration of 

proliposomes at the day of production. 
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Appendix II – Statistical results characterization of liposomes at the day of production. 
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Appendix III – Statistical results characterization of liposomes formed by hydration of 

proliposomes after 15 days of production. 
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Appendix IV– Statistical results characterization of liposomes formed by hydration of 

proliposomes after 1 month of production. 
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Appendix V– Statistical results characterization of liposomes formed by hydration of 

proliposomes after 3 month of production. 
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Appendix VI– DLS graphics related to the size of proliposomes and liposomes.   
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Appendix VII– DLS graphics related to the zeta potential of proliposomes and liposomes.   
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