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ABSTRACT    

Mangiferin (Mgf), a xanthone glucoside of natural origin, is well known to possess different pharmacological 

actions such as analgesic, antiviral, antidiabetic, anti-inflammatory, hepatoprotective, and antitumor. However, 

concerning water solubility it is sparingly soluble; in addition, it is classified as a BCS class IV compound which 

limits its bioavailability. Lipid nanocapsules (LNCs) are a promising carrier for oral delivery as it provides better 

solubility of the drug and enhances the drug absorption after oral administration owing to their small size. In this 

study, mangiferin-loaded lipid nanocapsules (Mgf-LNCs) were prepared using phase inversion temperature using 

solutol and cremophor RH40. This was followed by the characterization of the formed Mgf-LNCs by measuring 

particle size (PS), zeta potential (ZP), polydispersity index (PDI), in vitro release, viscosity, and stability after 

storage was also evaluated. The obtained results showed that PS for the prepared LNCs ranged from 22.88 ± 3.10 to 

436.35 ± 69.37 nm. The ZP range of prepared LNCs was from -6.48 ± 2.13 to -1.90 ± 0.08 mV and showed a PDI 

ranging from 0.05 ± 0.01 to 0.72 ± 0.28 and viscosity ranging from 6.21 ± 2.90 to 1361.20 ± 92.21 mPa*s. The 

cumulative % release ranged from 48.89 ± 2.54 to 94.33 ± 9.63% after 6 hours period. After storage for 3 months in 

the refrigerator it is clear that the prepared formulae showed significant stability. Finally, it is concluded that LNCs 

are promising nanocarriers for the delivery of Mgf via the oral route. 

Keywords: Mangiferin; nanocapsules; solutol; cremophor RH40; phase inversion temperature; xanthone; natural 

compounds. 
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1. INTRODUCTION 

The attractiveness of the oral route lies in its 

superiority in being non-invasive offering good 

patient compliance, ease of drug administration 

and handling, low cost, lack of the urge for 

sterility procedures, and ease of scaling up 

manufacturing of oral dosage forms [1]. 

Nevertheless, the oral route is characterized by 

having a large surface area (>300 m
2
), with many 

enterocytes distributed in different intestinal parts 

[2]. Despite the numerous advantages of the oral 

route, it suffers many challenges [1]. Besides, 

many factors influence oral drug absorption, 

including factors related to the body's physiology 

and factors related to the properties of the drug 

[3]. It is well-known that the release of the drug 

from the dosage form is a must before its 

solubility in GIT fluids to be available for 

absorption [1], that’s why solubility and intestinal 
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permeability of the drug are major factors 

affecting the rate and extent of oral absorption 

[3].  

Mangiferin (Mgf). Mgf is a neutraceutical 

compound of polyphenolic C-glucosyl xanthone 

(1,3,6,7-tetrahydroxyxanthone-C2-β-Dglucoside) 

structure, C19H18O11 [4] that has gained great 

attention recently. Mgf is found in many plant 

species, however, its major plant source is found 

in the leaves, stem barks, and fruits of the mango 

tree (Mangifera indica), belonging to the family 

Anacardiaceae [5, 6]. From a pharmacological 

perspective, MgF possesses many actions against 

different pathological conditions [7]. It was found 

to act as antidiabetic [8], anti-inflammatory [9], 

analgesic [10], immunomodulatory [11], 

antiviral [12], nephroprotective [13], 

neuroprotective [14], cardioprotective [15], 

hepatoprotective [16], and antitumor [17].  

Despite the pharmacological merits of MgF, its 

pharmaceutical challenges lead to poor 

bioavailability (around 1.2%), which restricts its 

clinical development and application [6, 18]. 

Therefore, an increasing number of studies have 

been concerned with enhancing the 

bioavailability of Mgf by formulating it in 

nanocarriers, to increase its solubility and 

membrane permeability.   

Nanocapsules are among the most promising 

types of nanoparticles. Generally, nanocapsules 

are vesicular delivery systems in the nanometer 

range, characterized by having an oil core with a 

rigid shell surrounding it. The inner oily core is 

for hosting the hydrophobic drugs while the 

surrounding shell is for protection and providing 

stealth properties to the nanocapsules owing to 

PEG moieties [19].  

Nanocapsules can be classified according to 

the type of oils constituting the core into lipid 

nanocapsules (LNCs) and lipid core nanocapsules 

(LCNCs). The term lipid nanocapsules (LNCs) 

indicate that all the oily ingredients in the capsule 

core are in the liquid state. LNCs can be further 

classified according to the nature of the 

surrounding shell; which can either be polymeric 

in nature forming polymer-shelled nanocapsules 

or surfactant in nature forming surfactant-shelled 

nanocapsules [20]. The advantages of LNCs 

include their preparation using generally 

recognized as safe (GRAS) ingredients through 

solvent-free and soft-energy techniques, their 

very small size, and their ability to encapsulate 

lipophilic and hydrophilic active substances [21]. 

Moreover, LNCs show a higher drug-loading 

capacity and longer physical stability compared 

to liposomes and solid lipid nanoparticles. 

Additionally, LNCs were reported to possess a 

sustained release of the drug, with a low initial 

burst effect unlike PLGA nanoparticles, which 

show a noticeable burst effect [22]. Besides, the 

advantages of LNCs include delivery by different 

routes, ease of manufacture and scale-up, 

dispersion stability over a long period, and small 

particle size (adjustable between 20 and 150 nm)  

[23].  

It was suggested that the use of LNCs can 

lead to enhancement in the pharmacological 

effect of the orally administrated drugs, owing to 

their ability to prevent GIT degradation of drugs 

by protecting them through encapsulation. 

Moreover, LNCs can increase the interaction 

with the mucosal surface lining the intestine, 

maintain the time of drug residence, and enhance 

drug absorption by improving the drug 

permeability across the mucosal epithelium, 

consequently leading to enhanced oral 

bioavailability of drugs [24]. In addition, the 

external polyethylene glycol (PEG) casing of the 

LNCs effectively avoids recognition by the 

phagocyte system and so prolonging blood 

circulation, and they also show an outstanding 

ability in transient suppression of  P-gp function 

that decreases the bioavailability of many drugs 

orally, thus, cancer treatments are good 

candidates for LNC-based therapy [25]. 
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Nevertheless, LNCs were shown to interact with 

efflux pumps in glioma cells leading to avoiding 

multidrug resistance [26]. Concomitantly, LNCs’ 

stealth properties have prevented the 

opsonization and macrophage uptake, and their 

shells are suitable for grafting with ligands for 

efficient targeted drug delivery [27].  

Despite their anticipated merits in improving 

the drug's oral bioavailability, a small number of 

studies on the oral drug delivery of LNCs were 

conducted. Paclitaxel (PTX); an anticancer class 

IV drug showing poor solubility and permeability 

that results in low bioavailability through the oral 

route, was encapsulated in nanocapsules 

composed of captex
®
 8000, lipoid

®
 S75-3 and 

solutol
®
 HS15 [28]. Results demonstrated the 

mucus stability of LNCs, and that they enhanced 

PTX diffusion and membrane permeability.  The 

pharmacokinetic results after oral administration 

of the PTX–loaded LNCs showed a significant 

increase in the AUC and Cmax compared to the 

commercial PTX formula, proving oral 

bioavailability enhancement [28].  

Therefore, owing to the merits of LNCs for 

drug delivery through the oral route, the present 

work aimed to prepare LNCs for oral delivery of 

Mgf. Preliminary experiments were conducted to 

test the optimum conditions for the preparation of 

the lipidic nanocapsules. Characterization of Mgf 

LNCs was performed regarding their particle 

size, polydispersity, zeta potential, viscosity, in 

vitro drug release, and storage stability. 

2. MATERIALS AND METHODS 

2.1. Materials 

Cremophor RH40 and isopropyl myristate 

were purchased from Alpha Chemika, India. 

Dialysis membrane (Spectra/ Por) 12,000–14,000 

molecular weight cut-off was purchased from 

Spectrum Laboratories Inc, USA. Kolliphor
®
 HS 

15 (Solutol), ethyl oleate, and oleic acid were 

purchased from Sigma Aldrich, Germany. 

Mangiferin was purchased from Skin Actives 

Scientific L.L.C., USA. Epikuron
® 

200 

(Soyabean lecithin) consisting of 92 

phosphatidylcholines and 8% of accompanying 

phospholipids was kindly provided by Cargill 

Texturizing Solutions, Germany. Sodium 

chloride (NaCl), potassium dihydrogen 

orthophosphate, and disodium hydrogen 

orthophosphate anhydrous were purchased from 

Adwic, El-Nasr Chemical Co, Egypt.  Tween
®
 20 

was purchased from SDFCL Sd Fine Chem 

Limited, India. Labrafac
®
, Labrafac™ Lipophile, 

Labrafil
®
, and Maisine

®
 were kindly provided as 

a gift from Gattefosse’s company, France. 

2.2. Preparation of the Mgf-loaded lipidic 

nanocapsules (Mgf-LNCs)     

Before the preparation of Mgf-LNCs, Mgf 

solubility in various oils, (Labrafac
®
, Labrafac™, 

Lipophile, Labrafil
®
, Maisine

®
, ethyl oleate, oleic 

acid, and isopropyl myristate IPM) was 

determined by dissolving fixed amount of Mgf 

(10 mg) in increasing amount of each oil (0.1 mL 

until 3 mL). The mixtures were vigorously 

agitated by hand and then kept at 37 °C for 48 h 

in a thermostatically controlled shaking water 

bath (Thermo Haake shaking water bath, model 

SWB25, USA), and assessed by visual 

inspection. Since IPM provided complete 

solubilization for Mgf in contrast to the other oils 

which displayed Mgf precipitate, IPM was the 

selected oil for preparing Mgf-LNCs.  

The phase inversion method (PIT) was used 

in preparing Mgf lipid nanocapsules [29, 30]. 

Briefly, 10 mg drug (Mgf) was mixed with (IPM) 

oil, solutol
®
 HS15 or cremophor RH40 

surfactant, and Epikuron
®
 200 (100 mg). In 

addition, sodium chloride (100 mg) and distilled 

water were added. Weighing of the chemicals 

was done using an electric balance (Radwag 

Analytical balance model: AS 220/C/2, Poland). 

The magnetic stirrer (Jenway, model 1000, 

England) was used for stirring the emulsion while 
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increasing the temperature to 85 °C to be higher 

than the phase inversion temperature forming w/o 

microemulsion; that was then cooled under 

magnetic stirring to 55 °C to ensure its inversion 

to an o/w microemulsion. This process was 

redone for three cycles followed by the sudden 

addition of distilled water at 0 °C resulting in the 

formation of capsules under the shock effect done 

by cooling. The formed dispersion was then 

subjected to further stirring at room temperature 

for 10 min.  

2.3. Experimental design and data analysis 

A 2
3
 full factorial experimental design was 

done for evaluating the main factors and 

interactions of three chosen independent 

variables namely; the type of surfactant used 

(XA), the surfactant concentration (XB), and the 

oil concentration (XC) on LNCs size as shown in 

Table 1. Eight formulations of Mgf-LNCs were 

separately prepared by using various 

concentrations (10%w/w) and (25%w/w) of IPM 

and numerous concentrations (10%w/w) and 

(40%w/w) of solutol
®
 HS15 or cremophor RH40 

surfactants. The composition of Mgf LNCs is 

shown in Table 2. The design was then 

statistically evaluated using ANOVA, correlation 

coefficient (R
2
), adjusted (R

2
), predicted (R

2
), and 

adequate precision. The complete 2
3
-factorial 

design setup is illustrated in Table 2. All the 

statistical and factorial analysis was done using 

Design-Expert
®
 version 11.  

 

Table 1. Factors and levels employed for the 2
3
 full factorial model 

Factors (independent variables)   Minimum level   Maximum level 

 
     XA 

 

        Type of surfactant      Solutol® 
Cremophor 

RH40® 

 
     XB 

 

Concentration of surfactant 

(%) 
10 40 

      
     XC 

 

Concentration of IPM oil  

(%) 
10 25 

Table 2. Composition of the Mgf-loaded lipidic nanocapsules 

 

*All formulations were prepared using 10 mg Mgf, 100 mg sodium chloride, and 100 mg epikuron®200.  The volumes of the added distilled water 

either at the beginning or at the end were calculated to ensure a total formula weight of 10 g. 

 

2.4. Characterization of the prepared Mgf- LNCs 

Composition of formulations 

Formulae 

code* 

Percentage of 

Oil 

XC 

(%w/w) 

Percentage   of 

Surfactant 

XB 

(%w/w) 

Type of surfactant 

 

XA 

10% 10% 

 

Solutol®HS15 

 

F1 

25% F2 
10% 40% 

 

F3 

25% F4 

10% 10% 
 

Cremophor® RH40 
 

F5 
25% F6 

10% 40% 

 

F7 

25% F8 
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2.4.1. Determination of the particle size, 

polydispersity index (PDI), and zeta potential 

of Mgf-LNCs 

After diluting the formulae 1:100 (v/v) in 

deionized water, the zeta size device (Nano ZS 

3600, Malvern Instruments Ltd., UK) was used in 

measuring the mean particle size, PDI, and zeta 

potential of the formed Mgf-LNCs [30-32]. 

2.4.2. Measurement of the viscosity of the Mgf-

LNCs 

The prepared Mgf-LNCs viscosity was 

measured at a temperature of 25 °C using Anton 

Paar Physica MCR 51 rheometer (model Anton 

Paar Physica MCR 51, Austria). Measurements 

were performed in triplicate using the shear rate 

of 50 s
−1

 [33-35].  

2.4.3. In vitro release of Mgf from the 

prepared lipid nanocapsules 

Determining the release of Mgf from the 

prepared LNCs was done using a modified 

rotating basket method at 37 °C and 100 rpm 

[36]. Briefly, the method involves the addition of 

one ml of the formulation to a glass cylinder (2.5 

cm diameter). The cylinder showed a cellulose 

membrane 0.45 μm (Whatman
®
 membrane 

filters, USA) tied to one end and the other end 

hooked to the metallic shaft of the dissolution 

apparatus (Varian VK7000, USA) (in the place of 

the basket). The shaft was then lowered till it 

reaches the dissolution medium surface. The 

dissolution medium was 100 mL of PBS 

containing 1% v/v tween 20 and at pH 7.4 [37] 

using the pH meter (Jenway, model 3510, UK) 

ensuring sink conditions for Mgf. At different 

time intervals (0.25, 0.5, 0.75, 1, 2, 3, 4, 5, and 6 

hours), a 3 mL aliquot was withdrawn with 

replacement by fresh medium with equivalent 

volume. The amount of Mgf released was 

analyzed spectrophotometrically by the 

ultraviolet spectrophotometer (Evisa-Shimadzu 

model: UV-1650PCUV-1650PC, Germany) at 

the predetermined maximum wavelength of 

maximum absorbance [38]. 

2.4.4. Assessment of storage stability on Mgf-

LNCs 

After storing the prepared Mgf-LNCs in the 

refrigerator (4 °C) for three months, their 

physical stability was assessed by re-measuring 

the particle size, PDI, and zeta potential [31, 35].  

2.5. Statistical analysis    

The obtained data from the performed 

experiments were statistically analyzed using the 

Graph pad Instat program. Data were represented 

as the mean ± standard deviation (S. D). One-

way analysis of variance (ANOVA) was used in 

comparing the mean values followed by Tukey – 

Kramer Multiple Comparisons Test. In addition, 

Design-Expert
®
 version 11 (Stat-Ease, USA) was 

utilized in carrying out the factorial design and 

the relevant statistical analysis. Statistical 

significance was set at p-value ≤ 0.05. All 

measurements were performed in triplicate.  

3. RESULTS AND DISCUSSION 

3.1. Preparation of the Mgf-loaded lipidic 

nanocapsules (Mgf-LNCs)     

The PIT was used in preparing Mgf lipid 

nanocapsules successfully as it allows preparing 

nanocapsules in the nano range by manipulating 

the oil/water system thermally [29, 30]. The PIT 

method is a low-energy method that does not 

involve the use of solvents; it depends on 

changing the temperature with subsequent 

variation in polyoxyethylene (POE)-type 

nonionic surfactants solubility [39].  The increase 

in temperature breakdown the hydrogen bonds 

between the surfactant and water molecules 

resulting in the dehydration of polyoxyethylene 

chains turning the surfactant lipophilic. This 

leads to inverting the oil-in-water (o/w) emulsion 

to water-in-oil (w/o) emulsion and vice versa in 

case of low temperature [40].  
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Regarding Mgf-LNCs, they were prepared 

using either the nonionic solutol HS 15 or 

cremophor RH40. The lowest and highest 

concentrations (10% and 40%) were based on the 

allowable limit that was reported in the literature 

for the surfactants used for LNCs preparation 

(between 10-40%) [40-42]. Solutol HS 15 is a 

hydrophilic surfactant that is made of a blend of 

free polyethylene glycol 660 and polyethylene 

glycol 660 hydroxy stearate [21]. It has been 

widely used as an important component in many 

drug delivery carriers owing to its potential in 

enhancing the dissolution and bioavailability of 

hydrophobic molecules [43]. Solutol HS 15 is 

mainly responsible for LNCs formation and 

stability due to the PEG portions and is 

responsible for the nanocapsule's stealth 

properties [30]. The other nonionic surfactant 

used in preparing the nanocapsules was 

cremophor RH40 which is polyoxyl 40 

hydrogenated castor oil [44]. Cremphor has also 

been widely used as a nonionic surfactant for 

preparing LNCs [29, 45].  

IPM is polar low-density pharmaceutical 

fatty acid ester oil that was also used for the 

preparation of LNCs [46]. Since the allowable oil 

concentration for use in nanocapsules preparation 

lies in the range between 10-25%, so the lowest 

and highest concentrations selected for 

preparation of Mgf-LNCs were 10% and 25% 

respectively [40-42].  

For stabilizing the LNCs rigid shell epicurean 

200 was used; in addition to its ability in 

enhancing biocompatibility with biological 

membranes.  The water was supplemented with 

sodium chloride for lowering the phase inversion 

temperature of the nonionic surfactant to more 

reachable levels [30].  

 

3.2. Experimental design and data analysis  

 Factorial research designs aim at studying 

the interactions between different experimental 

factors, by the use of more than one independent 

variable and changing their levels to set the ideal 

experimental conditions [47]. The 2
3
 full factorial 

design studied particle size (P.S.) as a dependent 

variable, and the model was obtained by varying 

the three selected independent variables, namely; 

the type of surfactant (XA), the concentration of 

the used surfactant (XB) and concentration of 

IPM oil (XC). 

It is well known that PS  is an important NPs 

characteristic affecting the drug's physical 

stability, release, and oral bioavailability [42, 48]. 

The oral absorption and biodistribution of NPs 

are significantly affected by their particle size, 

which in turn determines the therapeutic efficacy 

[49]. Reducing the size of the encapsulated 

lipophilic compounds to the nanosize range has 

maximized their oral bioavailability [50]. Also, 

PS affects the drug mucus penetration, showing 

high spreadability of smaller particles (40 -100 

nm) over the mucosa reaching the deep intestinal 

epithelium so prolonging their residence time, 

compared to large particles (200-500 nm) that 

spread only over the surface [51]. Moreover, it 

was reported that Caco-2 and Caco-2/HT-29 

cellular NP uptake was higher for smaller 

particles (50 nm) than that for larger particles 

(1000 nm) indicating the inverse relation between 

cellular uptake and the NP size [52]. In addition, 

NPs of size 100 nm have shown a dramatic 

increase in uptake by the GIT in comparison to 

1000 nm NPs [49].  

The significant influence of solutol surfactant 

concentration on the particle size of the 

developed LNCs was obvious in formulations 

F1-F4, in which the increase in the concentration 

of solutol from 10% w/w in formulations (F1, F2) 

to 40% w/w in formulations (F3, F4) 

significantly decreased the particle size from 

50.16±5.52 and 126.47±4.67 nm respectively to 

22.8±3.10 and 37.07±3.79 nm respectively 
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(P<0.05) (Fig. 1).  

 

Fig. 1. Contour plot of particle size for formulations 

prepared using solutol surfactant. 

As explained by Lamprecht et al. [53], 

increasing the concentration of solutol increases 

the number of solutol molecules adsorbed at the 

interface between oil and water, which decreases 

the interfacial tension thus preventing the 

aggregation of the emulsion droplets, and 

consequently reducing the size of LNCs [35, 45]. 

This result is similar to the outcome of earlier 

studies showing a decrease in particle size with 

the use of higher solutol HS15 content [21, 42, 

54]. Similar results were obtained with 

cremophor RH40 surfactant, which increases its 

concentration from 10% w/w in formulae (F5, 

F6) to 40% w/w in (F7, F8) formulae 

significantly causing the decrease in the size of 

LNCs from 317.35±84.5 and 436.35±69.37 nm 

respectively to 30.31± 1.49 and 53.885±5.38 nm 

in F7 and F8 respectively (P<0.05) (Fig. 2). This 

can be interpreted similarly to solutol HS15, and 

was found to concur with the results of other 

authors [55]. 

Comparing the particle size of solutol LNCs 

to cremophor LNCs, it was obvious that at the 

same surfactant and oil concentrations, the 

particle size of cremophor LNCs (F5, F6, F7, F8) 

was significantly higher than solutol LNCs (F1, 

F2, F3, F4) (P<0.05), similar to what was shown 

by others who attempted formulating cisplatin 

loaded LNCs using solutol and cremophor 

surfactants [45]. 

 

Fig. 2. Contour plot of particle size for formulations 

prepared using Cremophor RH40 surfactant. 

As also shown in Table 3, the increase in oil 

percentage caused the increase in the size of 

LNCs, as similarly reported by Huynh et al.[40]. 

At the same solutol concentration (10% w/w) in 

F1 and F2, it was found that increasing the 

amount of IPM from 10% w/w to 25% w/w 

significantly increased LNCs size from 

50.16±5.52 to 126.47±4.67 nm respectively 

(P<0.05). Similarly, at solutol concentration 

(40% w/w) in F3 and F4, it was found that 

increasing the amount of IPM from 10% w/w to 

25% w/w significantly increased the particle size 

from 22.88±3.10 to 37.07±3.79 nm respectively 

(P<0.05). The same effect was obtained in 

formulations F5-F8 prepared using cremophor 

RH40. At 10%w/w cremophor RH40 (F5 and F6) 

it was found that the increase in IPM from 10% 

w/w to 25% w/w leads to a significant increase in 

the particle size from 317.35±84.5 to 

436.35±69.37 nm respectively (P<0.05). 

Similarly, at 40%w/w cremophor RH40 (F7 and 

F8) it was found that by increasing IPM from 

10%w/w to 25% w/w the particle size 

significantly (P<0.05) increased from 30.31±1.49 
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to 53.885±5.38 nm respectively. This could be 

owing to the increase in the LNCs core size with 

the use of higher oil content in the center of the 

particle [42]. Also, increasing the oil amount 

could lead to an increase in the viscosity of the 

organic phase, producing particles with larger 

sizes [56]. Similar results were obtained showing 

the increase in the size of nanoemulsions 

particles formed by IPM oil with increasing its 

concentration [57].   

Table 3. 2
3
 Full factorial design setup and particle size values of Mgf-LNCs 

Formula code 

Type 

of surfactant 

(XA) 

* 

Concentration of 

surfactant 

(XB) 

** 

Concentration of 

IPM oil 

(XC) 

*** 

Mean 

particle size 

(nm) ± S.D. 

F1 Solutol 10 10 50.16 ± 5.52 

F2 Solutol 10 25 126.47 ± 4.67 

F3 Solutol 40 10 22.88 ± 3.10 

F4 Solutol 40 25 37.07 ± 3.79 

F5 Cremophor RH40 10 10 317.35 ± 84.50 

F6 Cremophor RH40 10 25 436.35 ± 69.37 

F7 Cremophor RH40 40 10 30.31 ± 1.49 

F8 Cremophor RH40 40 25 53.89 ± 5.38 

 
- : Type of surfactant (Solutol HS15 or Cremophor RH40) 

- : Concentration of surfactant used (% w/w) at the minimum level (10%) and maximum level (40%). 

- : Concentration of IPM oil (% w/w) at the minimum level (10%) and maximum level (25%). 

The contour plots illustrated in Fig. 1 and 2 

display the effect of different parameters of 

preparation on the particle size of Mgf-loaded 

LNCs and figure out the relationship between 

different factors XB and XC at both levels of XA 

(Solutol and Cremophor RH40 surfactants). 

The Design Expert
®
 11 software was used to 

analyze the achieved particle size results by 

performing ANOVA tests. The proposed model 

was linear with significance (P<0.0082). The 

experimental design that studied the main effects 

and interactions illustrated that the particle size of 

Mgf-LNCs was significantly affected by the type 

of surfactant (XA), the concentration of surfactant 

(XB), and concentration of oil (XC) (P < 0.0001). 

The following Equation is used in representing 

the model of the linear regression obtained from 

the full factorial study: 

1.0/(particle size)  = +0.019 -5.192E-003* 

XA +0.011* XB -5.507E-003* XC                                    

(Equation) 

All aforementioned factors were proven 

statistically significant (P<0.0001), as obvious in 

Table 4. The proposed model was inverse and 

showed  a value of 0.9778, adjusted  

0.9481, and a predicted  of 0.8420; which 

were considered to be acceptable high. The 
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adequacy of the model in predicting the size of 

the nanoparticles was clarified by the closeness in 

the values between the adjusted and predicted R
2
 

[58]. Moreover, since the adequate precision 

value was more than 4 (16.433) This indicates 

that this model can be useful in the navigation of 

the design space [59]. Plotting the power of 

response transformation (symbolized 

mathematically by the Greek letter lambda) 

ranging against the natural log of the sum of 

squares of the residuals (ln residual SS) generated 

the Box-Cox Plot for power transformations, 

which indicates if measuring the response on a 

different scale could provide an improvement on 

the fit of the model or not [60], and also for 

obtaining the best fitting models; it suggests the 

best power (lambda) that all the response data 

should be raised to. Accordingly, the current 

suggested powers are -1 for the particle size data 

(inverse recommended transformation) as clear in 

Fig. 3. 

 

Table 4. Summary of ANOVA analysis of the particle size model derived from the factorial study 

determining the significance of the independent variables  

 

Sum of squares 

Degrees of 

freedom 

(d.f.) 

Mean square F value P value 

Model 1.489E-003 4 3.722E-004 33.00 0.0082 

 2.156E-004 1 2.156E-004 19.12 0.0221 

 9.889E-004 1 9.889E-004 87.67 0.0026 

 2.426E-004 1 2.426E-004 21.51 0.0189 

Residual 3.384E-005 3 1.128E-005   

Cor. Total 1.523E-003 7    

 

Fig. 3. Box-Cox plot for power transformations for the particle size model. 

As obvious from the results, the Mgf-LNCs 

formulation (F3) composed of 10% IPM and 40% 

solutol surfactant showed the smallest particle 

size (22.88±3.10 nm) while the Mgf-LNCs 
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formulation (F6) composed of 25% IPM and 10% 

cremophor surfactant showed the largest particle 

size (436.35±69.37 nm). 

3.3. Determination of PDI and zeta potential of 

Mgf-LNCs 

Results in Table 5 show that all prepared 

Mgf-LNCs formulae show generally low PDI 

values (0.05-0.20) indicating their homogeneity, 

except for formulations F5 and F6. Solutol is a 

surfactant; therefore it is mainly arranged at the 

interface between the oil and water resulting in a 

reduction in the interfacial tension. Thus, 

producing particles with small and homogenous 

size values [53].  

As also shown in Table 5 the prepared Mgf-

LNCs are all negatively charged, with a zeta 

potential range of (-1.9 to -6.48 mV). The 

negatively charged phospholipids present at the 

interface of LNCs [61], in addition to the 

presence of solutol with PEG dipoles [31] are the 

cause of the negative charge of the LNCs. These 

values concurred with the results of other authors 

formulating LNCs [31, 35].  

Table 5. PDI and zeta potential of the prepared Mgf-LNCs 

Formula code Type of surfactant 

Concentration of 

Surfactant 

(%w/w) 

Concentration  of IPM 

oil (%w/w) 

PDI 

Mean ± S.D. 

Zeta Potential (mV) 

Mean ± S.D. 

F1 Solutol 10 10 0.20 ± 0.09 -3.14 ± 2.92 

F2 Solutol 10 25 0.07 ± 0.03 -2.42 ± 1.37 

F3 Solutol 40 10 0.07 ± 0.03 -4.36 ± 0.19 

F4 Solutol 40 25 0.05 ± 0.01 -6.48 ± 2.13 

F5 Cremophor RH40 10 10 0.72 ± 0.28 -1.90 ± 0.08 

F6 Cremophor RH40 10 25 0.43 ± 0.11 -3.01 ± 1.33 

F7 Cremophor RH40 40 10 0.19 ± 0.13 -3.67 ± 0.64 

F8 Cremophor RH40 40 25 0.09 ± 0.01 -2.81 ± 1.29 

 

3.4. Viscosity of Mgf-LNCs 

The high viscosity of formulations was 

reported to retard the absorption of drugs from 

the GIT [62], therefore, the viscosity of Mgf-

LNCS was measured accordingly. As shown in 

Table 6, the viscosity of the prepared Mgf-LNCs 

was found to be significantly influenced by the 

surfactant concentration, in which increasing the 

surfactant’s concentration (Solutol or Cremophor 

RH40) led to a significant viscosity increase 

(P<0.05), which is similar to the results reported 

by Bseiso et al. [35], and can be explained by the 

inherent viscous nature of the two surfactants. On 

the other hand, the influence of increasing oil 

concentration or changing the surfactant type on 

Mgf-LNCs was not conclusive, suggesting that 

the main determinant factor for the viscosity of 
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Mgf-LNCs was the concentration of surfactant.  

As clear from the results, Mgf-LNCs 

formulation (F3) composed of 10% IPM and 40% 

solutol surfactant possessed the highest viscosity 

value (1361.20 ± 92.21 mPa*s), while the Mgf-

LNCs formulation (F1) composed of 10% IPM 

and 10% solutol surfactant possessed the lowest 

viscosity value (6.21 ± 2.90 mPa*s). 

Table 6. Viscosity values of Mgf-LNCs 

Formula code 

 

Type of  surfactant 

 

 

Concentration of 

Surfactant (%w/w) 

 

Concentration of  

IPM 

(%w/w) 

 

Mean 

Viscosity 

(mPa*s) ± S.D. 

 

F1 Solutol 10 10 6.21 ± 2.90 

F2 Solutol 10 25 36.55 ± 5.21 

F3 Solutol 40 10 1361.20 ± 92.21 

F4 Solutol 40 25 229.89 ± 3.39 

F5 Cremophor RH40 10 10 8.94 ± 1.82 

F6 Cremophor RH40 10 25 30.10 ± 8.04 

F7 Cremophor RH40 40 10 698.10 ± 26.79 

F8 Cremophor RH40 40 25 246.64 ± 34.32 

 

3.5. In vitro release of Mgf from LNCs 

The release of Mgf from LNCs formulae was 

carried out at 37 °C±0.5 °C in a dissolution 

medium of 100 mL (PBS with 1% v/v tween 20 

at pH 7.4) to ensure Mgf sink condition for a 

duration of 6 h as commonly reported by Zhang 

et al. [37]. The reported results in Tables 7 and 8 

and Fig. 4 and 5 show the satisfactory sustained 

drug release rates of Mgf-loaded LNCs within 6 

h, in the range of 48.89% to 94.33%; similar to 

what was obtained by Zhang et al. who 

formulated efavirenz in LNCs [42]. 

By observing the results, it is delineated that 

Mgf-LNCs with high surfactant (solutol, 

cremophor RH40) concentration of 40%w/w 

namely (F3, F4, F7, F8) generally exhibited 

significant (P<0.05) lower release of Mgf than 

their counterparts prepared using lower surfactant 

concentration of 10%w/w (excluding F2/F4 that 

exhibited non-significant change (P>0.05)). This 

may be due to the viscosity values which were 

higher for F3, F7, and F8 formulated with higher 

surfactant concentration (40%w/w). This increase 

in viscosity is expected to decrease the rate of 

release by resisting the diffusion of the drug [42]. 

Moreover,  increasing the density of surfactant at 

the oil/water interface provides steric restrictions 

and makes the membrane behaves as a barrier, 

leading to a decrease in the drug release from 

LNCs formulated with higher surfactant 

concentrations, as similarly reported by 

Lamprecht et al., and Safwat et al. [30, 53].  

Also, the increase in the oil concentration from 
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10% to 25% w/w decreased the cumulative 

percent released of Mgf from LNCs, but in an 

insignificant manner (P>0.05). This could be 

explained by the increase in the lipophilic nature 

of the LNCs upon increasing the concentration of 

oil, causing Mgf to favorably reside in the oil 

core, and to diffuse at a slower rate.

Table 7. Cumulative percent released of Mgf from the LNCs prepared using Solutol surfactant over a period 

of 6 h 

 

 

 

Time 

(h) 

Cumulative drug released % from different formulations 

(Mean± S.D.) 

F1 F2 F3 F4 

0.25 11.11 ± 0.73 9.90 ± 1.01 10.40 ± 0.79 11.20 ± 0.65 

0.5 18.56 ± 0.58 13.70 ± 1.54 12.42 ± 0.94 13.28 ± 1.30 

0.75 21.90 ± 0.72 16.89 ± 1.50 15.12 ± 0.73 15.71 ± 0.52 

1 26.44 ± 0.87 18.87 ± 1.20 17.26 ± 0.36 17.70 ± 2.13 

2 41.18 ± 1.28 24.98 ± 3.57 25.57 ± 1.07 26.56 ± 1.73 

3 52.26 ± 3.12 32.55 ± 3.01 34.36 ± 1.16 32.22 ± 0.61 

4 64.54 ± 4.45 39.82 ± 3.70 44.32± 1.75 40.27 ± 1.29 

5 75.62 ± 5.63 47.87 ± 4.82 55.12 ± 2.52 47.88 ± 1.16 

6 86.64± 6.45 54.55 ± 4.39 65.51 ± 4.07 55.13 ± 1.95 

Table 8. Cumulative percent released of Mgf from the LNCs prepared using Cremophor RH40 surfactant 

over a period of 6 h 

 

 

 

Time 

(h) 

Cumulative drug released % from different formulae 

(Mean± S.D.) 

F5 F6 F7 F8 

0.25 10.82 ± 1.32 11.53 ± 2.14 7.99 ± 1.06 7.78 ± 0.69 

0.5 14.64 ± 0.47 17.20 ±  4.17 9.73 ± 1.03 9.31 ± 0.95 

0.75 18.98 ± 0.65 19.75 ±  5.33 11.10 ± 0.93 11.70 ± 0.63 

1 23.40 ± 0.76 23.73 ± 5.99 12.70 ± 1.22 13.58 ± 0.67 

2 41.43 ± 4.60 39.14 ± 11.68 18.68 ± 2.21 19.12 ± 0.48 

3 59.30 ± 8.43 52.69 ± 13.95 24.99 ± 3.72 24.24 ± 0.71 

4 72.19 ± 4.45 65.88 ± 14.85 31.64 ± 2.56 31.41 ± 2.53 

5 85.16 ± 9.46 80.29 ± 15.86 38.76 ± 1.25 37.02 ± 0.50 

6 94.33 ± 9.64 92.82 ± 15.77 51.73 ± 2.11 48.89 ± 2.54 
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Fig. 4. In vitro release profiles of Mgf from formulations prepared with (a) Solutol surfactant and (b) Cremophor RH40 surfactant 

in PBS containing 1% v/v tween 20 at pH 7.4. 

 

Fig. 5. Cumulative percent release of Mgf from LNCs PBS containing 1% v/v tween 20 at pH 7.4. 

 

3.6. Storage stability study on Mgf-LNCs 

Results shown in Table 9 and Fig. 6 

represent the influence of the storage at 4 °C in 

refrigeration for a period of 3 months on the 

particle size, zeta potential, and PDI of the 

prepared Mgf-LNCs. Mgf-LNCs displayed 

changes that were generally insignificant after the 

storage period (P>0.05), which delineates the 

stability of the prepared LNCs. Although the 

values of zeta potential were below -30 mv, the 

steric stabilization caused by solutol surfactant 

was the major cause in maintaining LNCs 

stability, as previously reported by Heurtault et 

al. [63]. 
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Table 9. Influence of three months storage on the physical characteristics of Mgf-LNCs 

PDI ± S.D. 
Zeta potential 

(mV)  ± S.D. 

 

Particle size 

(nm) ± S.D. 

 
Formulae Code 

After 3 months 

storage 

Freshly prepared 

nanocapsules 

After 3 months 

storage 

 

Freshly prepared 

nanocapsules 

 

After 3 months 

storage 

 

Freshly prepared 

nanocapsules 

0.24±0.06 0.20±0.09 -5.18±1.99 -3.14±2.92 56.47±8.10 50.16±5.52 1F 

0.12±0.11 0.07±0.03 -3.49±1.78 -2.42±1.37 122.35±3.61 126.47±4.67 F2 

0.16±0.01 0.07±0.03 -3.62±0.66 -4.36±0.19 25.18±2.13 22.88±3.10 F3 

0.14±0.01 0.05±0.01 -4.25±1.58 -6.48±2.13 43.73±0.62 37.07±3.79 F4 

1.00±0.20 0.72±0.28 -1.46±0.22 -1.90±0.08 483.45±85.35 317.35±84.50 5F 

0.86±0.18 0.43±0.11 -1.39±0.43 -3.01±1.33 346.1±27.01 436.35±69.37 F6 

0.21±0.01 0.19±0.13 -4.77±1.34 -3.67±0.64 32.35±0.93 30.31±1.49 F7 

0.16±0.03 0.09±0.01 -4.23±0.30 -2.81±1.29 65.85±0.88 53.89±5.38 F8 

 

 

Fig. 6. Effect of refrigeration storage for three months on (a) particle size, (b) zeta potential, and (c) PDI of Mgf-LNCs. 
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CONCLUSION 

Mgf- LNCs were successfully formed using 

the PIT method. Results of the full factorial 

design study revealed that the surfactant type 

(XA) was proven to affect the PS of the formulae 

significantly, in which the use of cremophor 

RH40 produced LNCs of larger size than those 

prepared using solutol surfactant. Increasing the 

surfactant concentration (XB) significantly 

decreased the PS of Mgf-LNCs. Moreover, 

increasing the IPM oil concentration (XC) 

increased the PS of Mgf-LNCs significantly.   It 

was also concluded that both the surfactant type 

and the IPM oil concentration were found to 

exhibit an insignificant effect on the viscosity of 

the formulae. All LNCs formulations were shown 

to have a mono-modal particle size distribution 

with low PDI values (0.05-0.72). Negatively 

charged Mgf-LNCS, with zeta potential ranging 

from -1.9 to -6.48 mV were obtained, indicating 

relatively good stability and high dispersion 

quality. All Mgf-LNC formulations showed 

sustained release of Mgf over a 6 h period. 

Moreover, the increase in surfactant 

concentration generally decreased the release 

significantly at constant IPM concentration. 

However, the increase in IPM concentration 

decreased the release generally in an insignificant 

way at constant surfactant concentration. The 

release of Mgf is not affected by surfactant type. 

Finally, Mgf-LNCs displayed reliable storage 

properties as manifested by the general 

insignificant changes in PS, PDI, and zeta 

potential values. 
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