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ABSTRACT 

Objective: This study aims to determine the best lipid to polymer ratios in polymeric-lipid nanoparticles using various types and ratios of polymers 
and lipids. 

Method: Polymeric-lipid nanoparticle was prepared using the modified one-step nanoprecipitation method. This study used chitosan and Na 
alginate as polymers and lecithin and egg phosphatidylcholine as lipids. The lipid was crossed-combined with polymer in various ratios, i. e 12.5%, 
25.0%, and 37.5%. On its preparation, Cinnamomum burmanii extract was loaded into the resulted polymeric-lipid nanoparticle as an active 
substance model. The results were assessed its particle surface characteristics including particle size, polydispersity index, and zeta potential. 

Results: Twelve formulas resulted from crossed-combination between the lipid and polymer were used in this study. Polymeric-lipid nanoparticles 
resulted from the combination of egg phosphatidylcholine/Na alginate has particle size, polydispersity index, and zeta potential of 380.07±3.52 nm, 
0.66±002, and-30.6±1.15 mV, respectively. 

Conclusions: The best lipid to polymer ratio and type was observed in egg phosphatidylcholine: Na alginate. The particle surface characteristics 
were better compared to other combinations. 
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INTRODUCTION 

Nanotechnology has been applied in various materials to develop 
nanoparticles drug delivery systems because its nanoscale 
characteristics are capable of altering the properties of a drug, 
including its bioavailability, biodistribution, and pharmacokinetics. 
One of the nanoparticle carriers used to deliver active substances is 
a polymeric-lipid nanoparticle. This nanoparticle conceptually a 
combination of polymeric nanoparticles and liposome. The 
combination is due to various restrictions of liposomes and 
biodegradable polymeric nanoparticles. The polymeric-lipid 
nanoparticle is a novel drug delivery system that has more benefits 
as compared to liposomes and nanoparticles [1-3]. Liposomes are 
spherical vesicles with a lipoidal bilayer membrane containing 
amphiphilic lipid molecules which are used to deliver both 
hydrophobic and hydrophilic drugs that protect the drug from the 
external environment [1, 3, 4-6]. But the application of liposomes in 
drug delivery was limited because of the low encapsulation 
efficiency of low water-soluble drugs such that the release of 
entrapped the drug occurs quickly resulting in the instability of the 
drug. While polymeric nanoparticles are typically hydrophobic 
which leads to short in vivo circulation time resulting in their low 
bioavailability [7-9]. Addressing the limitations of polymeric 
nanoparticles and liposomes, a new generation delivery vehicle of 
therapeutics termed polymer–lipid hybrid nanoparticles (or 
polymeric–lipid nanoparticles, PLNs) has been developed. The PLNs, 
which combine the characteristics of both polymeric nanoparticles 
and liposomes, comprises three components, i. e a polymer core in 
which the therapeutic substances are encapsulated, an inner lipid 
layer enveloping the polymer core, and an outer lipid–PEG layer. 
Instead of a three-layer, PLNs can also be prepared without the PEG 
layer but only lipid (usually phospholipid) and polymer [10]. 

One of the preparation methods for PLNs preparation is one-step 
nanoprecipitation. The modification of this method from the previous 
study is used in this study (explained in section Methods) [1, 11-14]. The 
polymer and the active substance to-be-encapsulated are dissolved in 
water-miscible organic solvent then dispersed into water containing 
dispersed lipid. Once the nanoparticle is formed simultaneously the lipid 

self-assemble on the surface of the nanoparticles. The self-assembly 
mechanism is based on hydrophobic interactions. Hydrophobic of lipids 
is attached to the polymer nanoparticle surface and the hydrophilic 
heads to the external aqueous surrounding resulting in the formation of 
PLNs that are stabilized by the lipid [1].  

Physical characteristics of PLNs are determined by different 
combination types of polymer and lipid. Those may result in various 
particle sizes, zeta potential, as well as its active substance loading 
capacity [15]. Particle size is a crucial factor to determine the 
absorption, distribution, and in vivo performance of nanoparticles. In 
general, nanoparticles have a higher cellular uptake efficiency than 
microparticles. A decrease of the particle size to<1 mm increases 
particle cellular uptake efficiency. Nanoparticles with a particle 
size<100 nm are efficiently taken up in Peyer's patches, and then 
absorbed into the systemic circulation [11]. This research aimed to 
find the best combination of natural biodegradable polymer and 
lipid in developing polymeric lipid nanoparticles to encapsulate low 
stability and bioavailability substance as contained in Cinnamomum 
burmanii extract when administered by the oral route. The PLNs 
development for Cinnamomum burmanii extract is expected to be a 
prospectus formula for further study on its efficacy on the animal 
model. Nanotechnology applied to herbal delivery has a profound 
impact on its permeability and bioavailability [16]. 

MATERIALS AND METHODS 

Materials 

Medium molecular weight chitosan (Sigma Aldrich Singapore), egg 
phosphatidylcholine (Sigma Aldrich Singapore), sodium alginate, 
soybean lecithin, acetone, methanol, purified water, and Poloxamer 407 
were purchased from Duta Jaya Laboratory (Indonesia), Cinnamomum 
burmanii dried bark extract purchased from PT. Borobudur (Indonesia).  

Methods 

Polymeric lipid nanoparticle preparation 

Polymeric lipid nanoparticle was prepared using the modified one-
step nanoprecipitation method adopted from the previously 
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explained method (fig. 1) [1, 11-14]. A list of lipid to polymer 
variations is presented in table 1. Chitosan was dissolved in purified 
water and the pH was adjusted to 2-4 using HCl 0.1N solution while 
stirring using a magnetic stirrer. While in a separated container each 
soybean lecithin and C. burmanii extract was dissolved in acetone 
and methanol respectively. The three solutions were then combined 
in one container and called the organic phase. In another beaker 
glass, the aqueous phase was prepared by dissolving Poloxamer 407 
and water. The organic phase then added gradually into the aqueous 
phase while stirred using IKA Overhead stirrer. The ratio of organic 
phase to aqueous phase was 1:10 (v/v). Once the organic phase was 
completed added into the aqueous phase the mixing was continued 

using IKA Ultra Turrax at 8.000 rpm for 5 min. The mixing then 
continued using IKA Overhead stirrer for 24 h at room temperature 
to evaporate the organic phase. The resulted dispersion was then 
centrifuged at 5000 rpm for 10 min to separate large aggregate and 
the supernatant is collected and carried out for second 
centrifugation at 10.000 rpm for 5 min. The final supernatant was 
collected which contained polymeric-lipid nanoparticle cinnamon 
extract. A slight difference procedure was carried out to prepare 
polymeric-lipid nanoparticles using polymer Na alginate. The 
organic phase consisted of egg phosphatidylcholine, Na alginate, and 
cinnamon extract which dissolved directly into acetone-methanol 
(3:2 v/v). The next step was similar to previous procedures. 

 

 

Fig. 1: Modified one-step method forming polymeric-lipid nanoparticles: lipid, polymer, and drug is dissolved in organic solvents, can be 
methanol combined with acetone in a certain proportion. 

 

This solution is an organic phase which added into an aqueous phase containing 
surfactant solution. The solution is added while homogenizing in optimizing nanoparticle formation besides the self-assembled process. 

The polymeric-lipid nanoparticle is separated from the large aggregate by centrifugation 

Particle size analysis 

Polymeric-lipid nanoparticle particle size, polydispersity index, and zeta 
potential were measured using Dynamic Light Scattering (DLS) method 
(Malvern Instrumen Zetasizer ZS). In this preliminary research of 

polymeric-lipid nanoparticle physical characteristic was assessed using 
those data. This is in considering that nanoparticle surface 
characteristics have a profound impact on overall nanoparticles 
performance. Therefore in this preliminary stage, the best lipid to 
polymer ratio and type were determined based on those data. 

  

Table 1: Lipid to polymer type and ratio 

Formulation 1 F1.1 F1.2 F1.3 Formulation 3 F3.1 F3.2 F3.3 
Organic phase Cinnamon Extract (mg) 200 200 200 Organic phase Cinnamon Extract (mg) 200 200 200 
 Lecithin (mg) 16 32 48  Lecithin (mg) 16 32 48 
 Na alginate (mg) 112 96 80  Chitosan (mg) 112 96 80 
 Acetone-metanol (v/v) 3:2 3:2 3:2  Acetone-metanol (v/v) 3:2 3:2 3:2 
Aqueous phase Poloxamer 407 (%) 1 1 1 Aqueous phase Poloxamer 407 (%) 1 1 1 
Formulation 2 F2.1 F2.2 F2.3 Formulation 4 F4.1 F4.2 F4.3 
Organic phase Cinnamon Extract (mg) 200 200 200 Organic phase Cinnamon Extract (mg) 200 200 200 
 Egg PC (mg) 16 32 48  Egg PC (mg) 16 32 48 
 Na alginate (mg) 112 96 80  Chitosan (mg) 112 96 80 
 Acetone-metanol (v/v) 3:2 3:2 3:2  Acetone-metanol (v/v) 3:2 3:2 3:2 
Aqueous phase Poloxamer 407 (%) 1 1 1 Aqueous phase Poloxamer 407 (%) 1 1 1 

Notes: Formulation 1 uses soy lecithin as lipid and Na alginate as polymer. The lipid to polymer combination is varied in three ratios, i. e F1.1 is 
12.5%, F1.2 is 25.0%, and F1.3 is 37.5%. Likewise, formulation 2, 3, and 4 have similar ratios of lipid to polymer but uses a different type of lipid and 
polymer. 

 

RESULTS AND DISCUSSION 

As observed in many studies that polymeric-lipid nanoparticle has 
the advantages combination of liposome and polymer nanoparticle, 
therefore it has the potential to increase absorption through the 
digestive tract and the stability of compounds in the systemic 
circulation [17-19]. In this regard, this research used Cinnamomum 

burmanii extract as a model for the active substance loaded into the 
nanoparticles. The Cinnamon extract has been studied on animals 
and clinical trials and showed potential benefits for diabetic type 2 
conditions [20]. The preparation of PLNs containing Cinnamon 
extracts was using the one-step nanoprecipitation method. The 
polymer nanoparticles are self-assembled and the lipid molecules 
are conjugated. In this study, the polymer precipitates to form a 
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hydrophilic core to encapsulate the Cinnamon extract. Lecithin or 
egg phosphatidylcholine conjugate self-assemble around the 
polymer core to form a lipid layer. This study did not involve 
PEGylation. 

In table 1, there are twelve formula variations with the difference 
between formula is on the type of lipids and polymers combination 
and ratio. Within each type formula variant, there are three formulas 
that the lipid to polymer ratios are 1:7, 1:3, and 3:5 (12.5%, 25.0%, 
37.5% respectively). The distinguishing variable between the 
variations of the formula is the type of lipid and polymer. This 
variation is to find which type of combination is better. In 
consideration of chitosan has the advantage in improving cell uptake 
and bioavailability of the poorly soluble drug [21], it is chosen in this 
research and compared to another polymer Na alginate. Both of 
them are biodegradable polymers.  

The results of the various types of lipid and polymer combinations 
are described in table 2. The measured impact of the lipid and 
polymer type is based on the PLNs surface physical characteristics 
including particle size, polydispersity index, and zeta potential. The 
most favorable combination is observed in the lecithin/Na alginate 
combination at a ratio of 3:5 (F1.3) respectively. Overall, looks like 
PLNs produced with chitosan resulting in a larger particle size 
amongst all. When lipid is kept the same, PLNs produced with 
chitosan has a larger particle size compared to Na alginate. On the 
other hand, when the polymer is kept the same, PLNs produced with 
egg phosphatidylcholine have a smaller particle size compared to 
lecithin. Chitosan is a natural cationic copolymer and has 
hydrophilic nature while alginate is a natural polysaccharide and 
negatively charge polymer [21, 22]. Therefore, the resulting core 
polymer nanoparticles in these PLNs are hydrophilic. 

 

Table 2. Polymeric lipid nanoparticle surface characteristics 

 Formulation 1: Lecithin/Na Alginate Formulation 3: Lecithin/Chitosan 
 F1.1 F1.2 F1.3 F3.1 F3.2 F3.3 
Particle size (nm) 501,93±5,50 465,87±5,54 380,07±3,52 1317±6,93 1047,33±6,11 960,17±4,24 
Polidispersity index 0,91±0,02 0,83±0,14 0,66±0,02 0,92±0,09 0,68±0,03 0,65±0,01 
Zeta potensial (mV) -30,53±3,20 -31,4±1,91 -30,6±1,15 41,8±0,26 45,63±0,81 34,93±0,84 
 Formulation 2: Egg Phosphatidylcholine/Na Alginate  Formulation 4: Egg Phosphatidylcholine/Chitosan 
 F2.1 F2.2 F2.3 F4.1 F4.2 F4.3 
Particle size (nm) 438,63±6,70 478,26±4,80 372,36±3,62 1164,33±24,95 854,967±1,66 748,967±5,23 
Polidispersity index 0,64±0,01 0,59±0,04 0,83±0,05 0,741±0,024 0,559±0,011 0,572±0,048 
Zeta potensial (mV) -25,13±1,53 -24,63±0,98 -25,76±3,88 43,933±1,159 42,567±0,351 41±0,458 

Notes: Data represents mean±SD (n=3) 

 

The important formulation components that contribute to PLNs 
characteristics is the lipid to polymer mass ratio. The lipid has to be 
sufficiently covers the surface of the polymer particle (1,4). The role of 
the lipid coating layer is influencing the particle size [15]. This research 
observed that the higher the lipid mass ratio to polymer, the smaller the 
particle size. This trend in particle size is observed in all formula 
combinations. This may be an indication of the number of lipids is in the 
range to cover the entire surface of the polymer nanoparticle core. The 
highest ratio of the lipid to polymer in this study is 37.5%. On the other 
hand, increasing the polymer concentration resulted in larger PLNs [23]. 
This corresponds to the results within every formulation variation 
described in table 2. The higher the ratio of the polymer to lipid resulting 
in larger PLNs’ particle size.  

As stated in the section Introduction, the PLNs preparation method 
applied in this study is a modification from the one-step 
nanoprecipitation method. The preparation involving surfactant in 
helping nanoparticle formation by dispersing water-immiscible 
organic solvent into aqueous surfactant solution. This will initiate 
globule formation and be enhanced by high-speed homogenization. 
This process is similar to emulsification preparation. The surfactant 
looks like contributes to the PLNs particle size. We did a trial by 
changing surfactant type in formulation F3.3 (lecithin-chitosan) 
which the surfactant is Poloxamer 407. When it changed to Tween 
80, the particle size drastically changed to 289.33±10.3 nm 
(previously 960.17±4.24 nm). It indicates that using this preparation 
method, the type of surfactant is matters. Nevertheless, this still 
needs further study on the impact of surfactant on the physical 
characteristic of PLNs. 

CONCLUSION 

This preliminary study has observed that the most favorable 
polymeric-lipid nanoparticles are using lecithin/Na alginate in a 
ratio of 37.5%. The PLNs core is a hydrophilic polymeric core 
considering the chitosan and Na alginate are hydrophilic. This 
finding needs further study on the active substance loading capacity, 
stability, and shell morphology. 
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