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Abstract 
Context: Tea tree oil (TTO) is an essential oil derived from Melaleuca alternifolia, with high antimicrobial and antifungal potential. Unfortunately, its topical 
antifungal efficacy is limited because it is volatile, thermolabile and easily oxidized. A formulation has been developed to overcome this problem by 
encapsulating TTO in a nanostructured lipid carrier (NLC). 

Aims: To determine the effect of the liquid to solid lipid ratio on the physicochemical properties and the stability of TTO-loaded NLC. 

Methods: Five formula of TTO-loaded NLCs were produced by high shear homogenization method and characterized according to their particle size, size 
distribution, polydispersity, zeta potential, thermal characteristics, X-ray diffraction, and terpinen-4-ol concentration. In addition, a stability study was 
conducted by observing its physical and chemical characteristics during storage in the refrigerator (4 ± 2°C) and at room temperature (27 ± 2°C) for six 
months. 

Results: The resulting TTO-loaded NLC had an average droplet size under 400 nm. The particle size increases with increasing amount of liquid lipid in the 
formula. There were insignificant changes in organoleptic properties, polydispersity index, zeta potential and terpinene-4-ol concentration during stability 
study for six months. However, the particle size slightly increased during the six months of storage. Furthermore, the NLC 3, which formulated with a 25:95 
ratio liquid to solid lipid, was be chosen as the best formula, since it demonstrated the best physicochemical characteristic and stability.  

Conclusions: TTO-loaded NLC with good physicochemical characteristics and stability has been successfully developed. In addition, NLC 3 is considered as the 
best NLC formula, which exhibits characteristics and stability that meet the requirements.  

Keywords: differential scanning calorimetry; nanostructured lipid carrier; physicochemical stability; tea tree oil; terpinen-4-ol. 
 

Resumen 
Contexto: El aceite del árbol del té (TTO) es un aceite esencial derivado de Melaleuca alternifolia, con un alto potencial antimicrobiano y antifúngico. 
Desgraciadamente, su eficacia antifúngica tópica es limitada porque es volátil, termolábil y se oxida fácilmente. Se ha desarrollado una formulación para 
superar este problema encapsulando TTO en un portador lipídico nanoestructurado (NLC).  

Objetivos: Determinar el efecto de la proporción entre lípidos líquidos y sólidos sobre las propiedades fisicoquímicas y la estabilidad del NLC cargado con 
TTO. 

Métodos: Se produjeron cinco fórmulas de NLC cargadas con TTO mediante el método de homogeneización de alto cizallamiento y se caracterizaron según su 
tamaño de partícula, distribución de tamaño, polidispersidad, potencial zeta, características térmicas, difracción de rayos X y concentración de terpinen-4-ol. 
Además, se realizó un estudio de estabilidad observando sus características físicas y químicas durante su almacenamiento en el frigorífico (4 ± 2°C) y a 
temperatura ambiente (27 ± 2°C) durante seis meses. 

Resultados: La NLC cargada con TTO resultante tenía un tamaño medio de gota inferior a 400 nm. El tamaño de partícula aumenta con el incremento de la 
cantidad de lípido líquido en la fórmula. Se produjeron cambios insignificantes en las propiedades organolépticas, el índice de polidispersidad, el potencial 
zeta y la concentración de terpineno-4-ol durante el estudio de estabilidad durante seis meses. Sin embargo, el tamaño de las partículas aumentó 
ligeramente durante los seis meses de almacenamiento. Además, la NLC 3, formulada con una proporción 25:95 de lípidos líquidos y sólidos, fue elegida 
como la mejor fórmula, ya que demostró las mejores características fisicoquímicas y de estabilidad. 

Conclusiones: Se ha desarrollado con éxito un NLC cargado con TTO con buenas características fisicoquímicas y estabilidad. Además, la NLC 3 se considera la 
mejor fórmula de NLC, que presenta características y estabilidad que cumplen los requisitos. 

Palabras Clave: aceite del árbol del té; calorimetría diferencial de barrido; estabilidad fisicoquímica; portador lipídico nanoestructurado; terpinen-4-ol. 
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INTRODUCTION 

Tea tree oil (TTO) is an essential oil steam-distilled 
from Melaleuca alternifolia leaves and branches that 
contains nearly hundreds of compounds, mainly 
monoterpenes and alcohols. Some of its major com-
ponents are 1,8-cineole, α-terpinene, γ-terpinene, ter-
pinen-4-ol and terpinolene (Payzar et al., 2013; Yadav 
et al., 2017). Such a combination of terpenes makes 
this versatile oil has potent anti-inflammatory, anti-
microbial, and antifungal therapies (Payzar et al., 
2013; Satchell et al., 2002; Sharifi-Rad et al., 2017; 
Yadav et al., 2017). The antifungal activity of tea tree 
oil has been extensively studied, and it has been 
found to be effective against a wide range of fungal 
species (Carson et al., 2006). 

 However, physicochemically, the components of 
TTO are volatile, thermolabile, and easily oxidized. 
The active substance concentration above the skin (as 
the site of absorption) is limited due to its volatile 
nature. Thermolabile substances can degrade when 
exposed to high temperatures, and a decline in the 
active substances quality and quantity will occur by 
result from oxidation. Due to these issues, TTO's 
pharmacological efficacy as a topical antifungal be-
came was suboptimal. To address these problems, 
TTO must be encapsulated, e.g., in nanocarriers (Bu-
nacurorso et al., 2021). 

In recent years, nanocarrier drug delivery systems 
have been investigated as a means of enhancing the 
efficacy and safety of antifungal agents. Nanostruc-
tured lipid carriers (NLCs) are one such system that 
has been explored. NLCs are biocompatible and can 
improve the solubility and bioavailability of poorly 
soluble drugs, thereby enhancing their therapeutic 
potential. In the case of antifungal drugs, NLC formu-
lations can increase drug delivery to the site of infec-
tion, reduce toxicity, and improve compliance (Nene 
et al., 2021). 

NLC are the most prospective lipid-based 
nanocarrier system with high encapsulation and sta-
ble physicochemical. NLCs are formed by a matrix of 
solid lipid, liquid lipid, water, and stabilized with 
surfactants (Andrade et al., 2014; Pardeike et al., 
2009). Many research has revealed the uses and bene-
fits of NLCs as an essential oil carrier. Essential oils 
have numerous biological activities, but their use is 
limited due to their hydrophobic property, volatility 
and easily oxidized, making them susceptible to deg-
radation when exposed to environmental stresses like 
oxygen, temperature, and light (Majeed et al, 2015). 
Encapsulation of essential oils in NLCs is a viable 
solution to overcome these limitations.  

Radwan et al. (2022) reported that in comparison 
to the essential oils alone, the biological evaluation of 
NLC encapsulated fennel essential oil showed poten-
tial results on both larvicidal and adulticidal effects 
against Culex pipiens. Bunacurorso et al. (2021) devel-
oped NLC for intranasal administration of essential 
oils (Lavandula, Mentha, and Rosmarinus). The result-
ing NLC exhibits good stability, small particle size, 
homogeneous, and could be suggested as a potential 
add-on technique in the treatment of neurodegenera-
tive disease when administered intranasally. Accord-
ing to Ghodrati et al. (2019), encapsulating pepper-
mint essential oil (PEO) in NLCs was a good way to 
create topical formulations for wound healing since 
PEO-loaded NLC had a good encapsulation efficien-
cy, narrow size distribution, and faster healing of an 
infected wound model. Carbone et al. (2018) also re-
ported potential synergistic effect of the antioxidant 
ferulic acid and the anti-inflammatory Lavandula es-
sential oil given in NLC in stimulating cell prolifera-
tion and migration, suggesting a novel approach to 
the treatment of wounds. 

The ability of NLC to maintain the stability of es-
sential oils has been reported in various studies. 
Ghodrati et al. (2019) developed NLC for the delivery 
of peppermint essential oil with excellent stability and 
antibacterial activity. Not only physical and chemical 
stability, but also increased antibacterial activity were 
also demonstrated by Fatemeh Nahr et al. (2018) who 
developed NLC for delivery of cardamom essential 
oil. The results of the accelerated stability test by Car-
bone et al. (2018) suggested that NLC was successful 
in maintaining the stability of various Mediterranean 
essential oils. 

Encapsulating TTO in NLC is important for sever-
al reasons. First, NLC can protect the TTO from volat-
ilization, oxidation, and degradation, which can de-
crease its effectiveness as an antifungal agent. Second, 
NLC can facilitate the targeted delivery of tea tree oil 
into the skin, which can increase its antifungal activi-
ty. Third, NLC can provide a sustained release of tea 
tree oil over time, which can prolong its therapeutic 
effect and reduce the frequency of administration (Li 
et al., 2016; Nene et al., 2021). 

Based on our previous studies that screening 18 
combinations of solid lipid and liquid lipids, the com-
bination of stearic acid and Miglyol 812 has the small-
est particle size and meets the requirements for topi-
cal delivery (Fitriani et al., 2022). Since this study was 
limited to only several characteristics of NLC TTO 
(particle size, polidispersity index and zeta potential), 
it is not possible to conclude whether the developed 
NLC was stable on long term storage. To overcome 
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this limitation, we develop a stability study to deter-
mine whether NLC TTO is physicochemically stable 
on long term storage.  

This research aims to determine the effect of the 
liquid to solid lipid ratio on the physicochemical 
characteristics and stability of TTO-loaded NLC. All 
NLC formulations were physicochemically character-
ized to assess the effects of liquid-to-solid lipid ratio 
(Miglyol 812 and stearic acid) on the nanoparticle 
characteristics, particularly average particle size, pol-
ydispersity, zeta potential, thermal characteristics, 
wide-angle X-ray diffraction profiles, and physico-
chemical stability.  

MATERIAL AND METHODS 

Materials 

The experiment used tea tree oil purchased from 
Biotek Prima Indoplus (Surabaya, Indonesia), Polox-
amer 188 (Merck, Germany), and terpinen-4-ol (ana-
lytical grade, Sigma-Aldrich). Pharmaceutical-grade 
stearic acid, Miglyol® 812, and Span® 80 were pur-
chased from commercial suppliers PT. Labtech Citra 
Persada (Surabaya, Indonesia). The experiment also 
used many other chemicals and solvents of analytical 
grade, which were purchased from retail suppliers. 

Preparation of tea tree oil-loaded nanostructured 
lipid carriers 

A high shear homogenization was used to prepare 
NLC dispersions from TTO. To create the oil phase, 
TTO was first dissolved in Miglyol® 812 then added 
to stearic acid and Span 80, which had been melted at 
approximately 70°C, with five different stearic acid 
and Miglyol® 812 weight ratios. Then, after being 
dissolved in distilled water, Poloxamer 188 was heat-
ed to 70°C, added drop by drop into the oil phase, 
and simultaneously homogenized at 25,000 rpm using 
a homogenizer (Ika T25 Ultra-Turrax, Staufen, Ger-
many). The mixture was kept at 70°C for 15 min and 
let to cool to room temperature, at which point TTO-
loaded NLCs were formed (Ghodrati et al., 2019). The 
formulas are shown in Table 1.  

Characterization of tea tree oil-loaded 
nanostructured lipid carriers 

Particle size, PDI, and zeta potential 

The laser diffraction in this research used DelsaTM 
Nano Submicron Particle Size Analyzer to evaluate 
particle size distribution and polydispersity index 
(PDI), which measure the distribution of the nanopar-
ticle population. A zetasizer (Nanotrac Wave Micro-
trac W3717, USA) was used to measure the zeta po-

tential, whose magnitude indicates the stability of the 
TTO-loaded NLC dispersions. The particle size ana-
lyzer was also used to determine electrophoretic mo-
bility to measure the electric charge on the particle’s 
surface. The prepared NLCs were then diluted in 
appropriate amount distilled water and put into a 
cuvette. Measurements were taken at 25ºC room tem-
perature, with three replicates (Aryani et al., 2021).  

Thermal analysis 

In this analysis, a DSC thermal analyzer (Mettler 
Toledo) was used for the differential scanning calo-
rimetry (DSC). Four mg of samples were weighed in a 
tightly closed aluminum pan. Then, the analyzer was 
gradually heated to 100°C at a rate of 20°C/minute. 
The onset temperature, melting point and endother-
mic enthalpy of TTO loaded NLC were observed (Ar-
yani et al., 2021). 

X-ray diffraction (XRD) 

This step determined the crystal phase of the TTO-
loaded NLCs. These formulations were dried to create 
XRD samples. The radial component of the scattering 
intensity was recorded at an angle of 2-theta. XRD 
profiles of steric acid and TTO loaded NLC and the 
intensity of sharp peaks observed (Fatemeh-Nahr et 
al., 2018).  

Assays 

Terpinen-4-ol, a marker component of the TTO-
loaded NLC, was characterized using the method 
proposed by Avonto et al. (2016) with modifications. 
NLC was diluted in 96% ethanol, then sonicated and 
filtered. Gas chromatography-mass spectrometry 
(Shimadzu GC-MS QP1020SE) was used in the ter-
pinen-4-ol assay, with helium as the carrier gas at a 
constant pressure of 24 psi. For the TTO analysis, in 
the first 2 minutes, the temperature was set at 50°C 
before raised to 180°C at a heating rate of 20°C/min. 
The injector temperature was 250°C (separation ratio 
set to 25:1), and the injection was made in triplicate 
for each sample. The full scan mass spectrum was 
recorded at 70 eV electron energy from m/z 35 to 450. 

Stability studies 

In the physical stability test, the TTO-loaded NLCs 
were stored for six months at different temperatures: 
4 ± 2°C and 27 ± 2°C. The sample’s particle, zeta po-
tential, and polydispersity index were analyzed (Ma-
koni et al., 2019).  

In the chemical stability test, the TTO-loaded 
NLCs were stored for six months at different temper-
atures: 4 ± 2°C and 27 ± 2°C. The terpinene-4-ol con-
centration was measured at 0, 2nd, 4th, and 6th month. 
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Table 1. Formulas of the tea tree oil-loaded nanostructured lipid carriers (NLC). 

Ingredient  
Composition in formula (%) 

NLC 1 NLC 2 NLC 3 NLC 4 NLC 5 

Tea tree oil 5.00 5.00 5.00 5.00 5.00 

Stearic acid 14.21 12.63 11.05 9.47 7.89 

Miglyol® 812 0.79 2.37 3.95 5.53 7.11 

Poloxamer 188 and Span 80 5.00 5.00 5.00 5.00 5.00 

Distilled water 75.00 75.00 75.00 75.00 75.00 

 
Table 2. Particle size, polydispersity index (PDI), and zeta potential of the tea tree oil-loaded nanostructured lipid carriers (NLC) 
during six-month storage at 27 ± 2°C and 4 ± 2°C. 

Particle size (nm) PDI Zeta potential (mV) 

Stored at 27°C 

Formula Month 0 Month 6 Month 0 Month 6 Month 0 Month 6 

NLC 1 237.0 ± 2.7* 291.2 ± 1.5** 0.2173 ± 0.1 0.1848 ± 0.0 -12.5 ± 0.1 -13.2 ± 0.3 

NLC 2 245.4 ± 2.0* 289.0 ± 1.6** 0.2119 ± 0.2 0.2065 ± 0.2 -14.1 ± 0.2 -14.8 ± 0.8 

NLC 3 297.0 ± 2.6* 296.5 ± 4.0 0.1477 ± 0.1 0.2310 ± 0.1 -14.4 ± 0.3 -13.3 ± 0.7 

NLC 4 363.0 ± 3.6* 396.1 ± 3.6** 0.3455 ± 0.1 0.1954 ± 0.1 -14.7 ± 0.3 -12.0 ± 0.9 

NLC 5 394.3 ± 3.2* 405.0 ± 3.0** 0.2757 ± 0.1 0.2494 ± 0.0 -13.1 ± 0.2 -13.8 ± 1.0 

Stored at 4°C 

Formula Month 0 Month 6 Month 0 Month 6 Month 0 Month 6 

NLC 1 237.0 ± 2.7* 333.0 ± 5.2** 0.2173 ± 0.1 0.1436 ± 0.0 -12.5 ± 0.1 -16.1 ± 2.5 

NLC 2 245.4 ± 2.0* 272.6 ± 12.5** 0.2119 ± 0.2 0.2462 ± 0.1 -14.1 ± 0.2 -14.4 ± 1.1 

NLC 3 297.0 ± 2.6* 343.7 ± 39.5** 0.1477 ± 0.1 0.1408 ± 0.1 -14.4 ± 0.3 -14.2 ± 0.8 

NLC 4 363.0 ± 3.6* 338.3 ± 27.5** 0.3455 ± 0.1 0.2666 ±0.1 -14.7 ± 0.3 -14.4 ± 0.8 

NLC 5 394.3 ± 3.2* 378.3 ± 18.9 0.2757 ± 0.1 0.3375 ± 0.1 -13.1 ± 0.2 -15.0 ± 1.9 

aData are reported as mean ± SD, n = 3; PDI: polydispersity index; *The particle size of NLC 1, NLC 2, NLC 3, NLC 4 and NLC 5 showed significant difference 
(p<0.05); **The particle size of NLC showed significant difference between month 0 and month 6 (p<0.05). 

 
Statistical analysis 

Particle size, PDI, zeta potential and assay data 
were statistically analyzed with the one-way analysis 
of variance (ANOVA) with a probability value 
(p<0.05). All data were reported as mean ± SD (n = 3). 
Thermal analysis and X-ray diffraction data were 
analyzed using descriptive statistics. 

RESULTS 

Physicochemical characteristics of tea tree oil-loaded 
nanostructured lipid carriers 

Particle size, PDI, and zeta potential 

Five formulas of TTO-loaded NLCs have been suc-
cessfully developed with organoleptic semisolid to 
liquid, white, and opaque with a typical tea tree oil 
odor. All formulations had average particle sizes 

smaller than 400 nm, i.e., 237.4 nm (NLC 1) to 394 nm 
(NLC 5). NLC 1 and NLC 2 had the smallest particle 
sizes compared to other formulas. The polydispersity 
index (PDI) values for TTO loaded NLC formulation 
were between 0.147‒0.345, indicating a relatively nar-
row size distribution. The zeta potential ranges be-
tween -12.5 to -14.7 mV for all the formulations. The 
results are shown in Table 2.  

Thermal analysis results 

The onset temperature, melting point and endo-
thermic enthalpy of TTO loaded NLC are presented 
in Table 3. The onset temperature ranged from 49.77–
46.30°C. NLC 1 exhibited the highest onset tempera-
ture while NLC 5 exhibit the lowest onset tempera-
ture. The endothermic enthalpy values for stearic acid 
and NLC 1 to 5 are -171.15 J/g, -49.24 J/g, -28.57 J/g, -
16.54 J/g, -12.21 J/g and -3.58 J/g. NLC 1 shows the 
highest endothermic enthalpy value, while NLC5
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Table 3. The differential scanning calorimetry (DSC) parameters: onset temperature, melting point, 
and enthalpy of stearic acid and tea tree oil-loaded nanostructured lipid carriers (NLC). 

Formulation 
DSC parameters 

Onset (°C) Melting point (°C) Enthalpy (J/g) 

Stearic acid 56.15 58.17 -171.15 

NLC 1 49.77 53.35 -49.24 

NLC 2 41.64 50.45 -28.57 

NLC 3 45.51 49.00 -16.54 

NLC 4 42.08 49.03 -12.21 

NLC 5 46.30 46.96 -3.58 
 

 

Fig. 1. DSC thermograms of the NLC (1) and stearic acid (2) immediately after the preparation. 

 

 

Fig. 2. X-ray diffraction (XRD) profiles of stearic acid (1), NLC 1 (2), NLC 2 (3), NLC 3 (4), NLC 4 
(5), and NLC 5 (6). 

 
shows the lowest endothermic enthalpy value. The 
DSC thermograms of the NLC 1 and stearic acid 2 
immediately after the preparation are shown in Fig. 1. 

X-ray diffraction (XRD) profiles  

XRD profiles of steric acid and TTO loaded NLC 
has been shown in Fig. 2. The intensity of sharp peaks 

at 21.3° belonging to NLC has decreased compared 
with stearic acid. Moreover, XRD peaks at 21.3° de-
creased from NLC 1 to NLC 5.  

Terpinen-4-ol assay results 

The terpinen-4-ol concentration on the NLC were 
measured and the result were presented in Fig. 3. The 
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terpinene-4-ol concentration was 1.9079 % for NLC 1, 
1.7845% for NLC 2, 1.7794% for NLC 3, 1.8794% for 
NLC 4 and 1.8135% for NLC 5. There was no signifi-
cance difference in the terpinene-4-ol concentration in 
all NLC formulas. 

Stability studies 

The results of stability study during storage at 
27°C and 4°C for 6 months revealed no significant 
changes in organoleptic properties, polydispersity 
index value and zeta potential of the TTO loaded 
NLC. At a storage temperature of 27°C, NLC TTO 
formula 3 showed a stable particle size for 6 months 
of storage. Meanwhile, the increase in particle size in 
NLC formulas 1, 2, 4 and 5 was detected at month 6. 

The average particle size of NLC formula 1 changed 
from 237.07 nm to 291.23 nm. NLC formula 2 in-
creased from 245.47.00 to 288.98 nm, NLC 4 increased 
from 363 to 396.1 nm and the average particle size of 
NLC formula 5 increased from 394.30 to 405 nm. At 
storage temperature of 4°C, all NLC formulas experi-
enced a significant increase in particle size. The parti-
cle size (in mean), polydispersity index, and zeta po-
tential during storage at 27 and 4°C are shown in 
Table 2. 

Fig. 4. shows terpinen-4-ol concentrations in the 
nanostructured lipid carriers during six months of 
storage at 27°C and 4°C. There were no significant 
changes in the concentration of terpinen-4-ol when 
stored for six months. 

 

 

Fig. 3. Terpinen-4-ol concentrations in the formulated tea tree oil-loaded nanostructured lipid 
carriers. 
Data represent mean ± SD, n=3. 

 
DISCUSSION 

Particle size, PDI, and zeta potential 

 This research was designed to find out the effect 
of the liquid to solid lipid ratio on the physicochemi-
cal characteristics and stability of TTO-loaded NLC. 
In this study, five TTO-loaded NLC formulas were 
developed with a liquid to solid lipid ratio that in-
creased from NLC 1 to NLC 5. The particle sizes pro-
duced in the five formulas ranged from 237.4 nm 
(NLC 1) to 394 nm (NLC 5). These results are in 
agreement with the particle size for NLC. The manu-
factured nanocarrier standard is usually between 50 
and 400 nm (Mitrea and Meghea, 2014). This size 
range is associated with the high suitability of NLCs 
for a delivery system in topical fungal infection 
treatment (Nene et al., 2021). The small particle size 
represents good compatibility between the TTO (as 
the bioactive material), the solid lipid, and the liquid 

lipid (Manzar et al., 2020). The size and structural 
properties of a lipidic nanocarrier are shaped by the 
type and concentration of its composition, e.g., lipids, 
emulsifiers, and bioactive compounds.  

The results showed that there was an increase in 
particle size from NLC 1 to NLC 5. NLC 1 had the 
smallest particle size, and NLC 5 had the largest par-
ticle size. An increase in particle size was associated 
with an increase in the liquid-to-solid lipid ratio (Ta-
ble 2). Ortiz et al. (2021) reported that, increasing the 
oil content from 5% to 20% led to an increase in parti-
cle size. The increase in particle size with increasing 
liquid lipid content could be attributed to the devel-
opment of the nanoparticle core to accommodate the 
higher amount of Miglyol 812 in the formulation. In 
addition, the formation of a more irregular crystal 
structure occurred in the NLC system at the higher 
Miglyol 812 content, which in turn resulted in larger 
NLC particles.  
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A 

 

B 

 

Fig 4. Stability data of terpinene-4-ol in TTO loaded NLC under storage at (A) 27 ± 2°C 
and (B) 4 ± 2°C for six months. 
Data represent mean ± SD, n=3. 

 
The level of particle heterogeneity is displayed by 

polydispersity index (PDI). PDI has a significant im-
pact on the physical stability of nano carriers and 
should be kept to a minimum for long-term stability. 
The degree of particle size heterogeneity is less if the 
PDI value is closer to zero (Surini et al., 2019). The 
PDI values of TTO-loaded NLC were in the range of 
0.147‒0.345, indicating a relatively narrow size distri-
bution. Based on the low PDI, it was found that TTO 
favors homogenous NLCs (Bunacurorso et al., 2021). 
Among the various formulations, NLC 3 showed the 
narrowest particle size distribution range (0.1477 ± 
0.1). 

The electrostatic or charge repulsion or attraction 
between particles in a suspension is measured by the 
zeta potential. Zeta potential is a key indicator of the 
stability of a dispersion system since it offers in-depth 
knowledge of the factors that contribute to floccula-
tion, aggregation, and dispersion. According to Leo-
nyza and Surini (2019), a good suspension has a zeta 
potential value that is more positive than +30 mV or 
more negative than -30 mV. Five formulas of TTO-
loaded NLCs initially showed a negative surface 
charge because the system had a negatively charged 
lipid (Kaur et al., 2015, Surini et al., 2020), as evident 

from the zeta potentials in the range of -12.5 to -14.7 
mV. The negative surface charge formed an electrical 
barrier on the particle’s surface, which, through the 
repulsion mechanism, contributes to the physical 
stability of the nanodispersion (Patil et al., 2016). The 
liquid to solid lipid ratio did not show a significant 
effect on zeta potential. In this study, nonionic surfac-
tant Poloxamer 188 and Span 80 were used to stabilize 
NLC formed. Nonionic surfactants form a space bar-
rier, lowering the solution's zeta potential (Manzar et 
al., 2020). Although nonionic surfactants have low 
zeta potential, they tend to stabilize the formulation 
as a result of steric stabilization (Pivetta et al., 2018). 

Thermal analysis  

Fig. 1 presents the DSC thermograms of stearic ac-
id and TTO-loaded NLCs when heated to 100°C with 
a 20°C increase per minute. The DSC result in Fig. 1, 
provided that stearic acid melted at 58.16°C, with a 
melting enthalpy of -171.16 J g-1. The onset tempera-
ture, melting point and endothermic enthalpy of TTO 
loaded NLC were smaller than those of stearic acid 
and decreased from NLC 1 to NLC 5 with increasing 
amount of Miglyol 812 in the formula (Table 3). 
Miglyol 812 is a medium chain triglyceride, which is 
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used as a liquid lipid component in the developed 
TTO loaded NLC formula. Miglyol 812 interacts with 
the crystalline lipid matrix of stearic acid, which caus-
es disruption of the crystal lattice so that the lipid 
becomes more amorphous after forming NLC. The 
higher the amount of Miglyol 812 in the formula, the 
lower the crystallinity of the system formed.  

Similarly, according to Harisa and Badran (2015), 
adding Miglyol 812 to the formula lowered the melt-
ing point and crystallinity of the NLCs produced. 
This corresponds to a previous study that found mix-
ing olive oil and cocoa butter with the NLC formulas 
caused less-ordered nanostructuring of the lipid ma-
trix (Fatemeh Nahr et al., 2018). These findings are 
also in agreement with Severino et al (2011), which 
demonstrated that the melting enthalpy and crystalli-
zation decreased as the amount of oil in the formula-
tion increased (inversely proportional). In a less-
ordered crystalline structure, the structure’s space 
capacity is not confined, creating enough space where 
drug molecules can be accommodated and, conse-
quently, increasing the drug loading capacity (Galvão 
et al., 2020).   

X-ray diffraction (XRD) profiles  

XRD profiles explain the way lipids are arranged, 
phase behavior, and characteristics of lipid structures 
(Fatemeh Nahr et al., 2018). The intensity of sharp 
peaks at 21.3° NLC has decreased compared with 
stearic acid, meaning that the crystal structure of stea-
ric acid changed after the liquid lipid was added (Fig. 
2). Moreover, XRD peaks at 21.3° decreased from 
NLC 1 to NLC 5, associated with an increase in the 
liquid lipid-to-solid lipid ratio. This result may indi-
cate that NLC 5 has a less regular structure than NLC 
4, NLC 3, NLC 2, and NLC 1. Therefore, the addition 
of liquid lipid reduces the peak intensity (Fatemeh 
Nahr et al., 2018). 

The less regular crystalline structure and the 
amorphous state will contribute to higher loading 
capacities and stability of nanocarriers (Fatemeh Nahr 
et al., 2018). In addition, a matrix with less-ordered 
sequence has more cavities in its structure. This way, 
an active ingredient can be introduced in a large 
amount and retained during storage, thus allowing a 
controlled release. 

Terpinen-4-ol assay results 

Fig. 3 shows the assay results of terpinen-4-ol as a 
tea tree oil marker of the prepared NLCs. The ter-
pinen-4-ol concentration in all formulations slightly 
decreased from their initial concentration, 2%. It is 
suggested that the lowering of terpinene-4-ol concen-
tration is affected by the manufacturing temperature 

that induces tea tree oil evaporation during the pro-
cess. Terpinene-4-ol is the main component of TTO, 
which has an evaporation rate of up to 98% in 4 hours 
at 30°C (Cross et al., 2008). The loss of the terpinene-4 
-ol component due to exposure to heat during the 
manufacturing process is in line with research by 
Salim and Eisa (2017), which states that heating is 
essential to accelerate evaporation of essential oil and 
evaporation rate of essential oil was increased with an 
increase of temperature from 60 to 100°C. 

Stability study 

During the six-month storage at 27 and 4°C, there 
were no significant changes in organoleptic proper-
ties, polydispersity index and zeta potential in all 
NLC formulations. The particle size of NLC slightly 
increased when stored for six months at 27 and 4°C. 
The increase in particle size during storage can be 
caused by slight agglomeration of the particles dis-
persed in the NLC or due to homogenous agglomera-
tion growth. The agglomeration that occurs can be 
attributed to the low zeta potential value of the sys-
tem, which is below -20 mV. In general, a zeta poten-
tial value that is more positive than +30 mV or more 
negative than -30 mV are acceptable characteristics to 
obtain improved stability (Surini et al., 2020). The 
obtained zeta potential in this study indicates a low 
nanoparticle electrostatic repulsion, thus slightly pre-
venting the aggregation. In this study, NLC 3 showed 
the smallest and insignificant increase in particle size 
compared to other formulas. Therefore, in terms of 
physical stability among all TTO-loaded NLC formu-
las, NLC 3 is considered as the best formula. 

Fig. 4 shows terpinen-4-ol concentrations in the 
nanostructured lipid carriers during six months of 
storage at 27°C and 4°C. The stability of terpinen-4-ol 
content meet the criterion (80-120%) when stored for 
six months in all formulas. There is no effect of liquid 
to solid lipid ratio on the chemical stability of ter-
pinen-4-ol concentrations in TTO-loaded NLC on 
storage at temperature 27 and 4°C for 6 months. These 
results indicate that the NLC component such as stea-
ric acid and Miglyol 812 affects the ability of NLC to 
protect the TTO. This study supports evidence from 
previous observations reporting that the solid lipid 
ingredients can protect the drugs against harsh envi-
ronmental situations (Ghasemiyeh and Soliman, 
2018). 

CONCLUSION 

TTO-loaded NLC with good physicochemical 
characteristic and stability was successfully develop 
using high shear homogenization method. The TTO-
loaded NLCs prepared have an average droplet size 
of 200‒400 nm, with a relatively short-range ordered 
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crystalline structure and a partially crystalline state 
based on the differential scanning calorimetry (DSC) 
and X-ray diffraction results. The ratio of the liquid to 
solid lipid has an influence on the physicochemical 
properties of TTO-loaded NLC, especially on particle 
size and crystallinity. Furthermore, the particle size 
slightly increased but there was no significant differ-
ence in chemical stability after six months of storage 
at refrigerator temperature (4 ± 2°C) and room tem-
perature (27 ± 2°). In conclusion, based on the result 
of physicochemical stability study, the formula with 
ratio liquid to solid lipid 25:95 (NLC 3) is considered 
as the best formula. 

CONFLICT OF INTEREST 

The authors declare no conflicts of interest. 

ACKNOWLEDGMENTS 

The authors would like to express their gratitude to the 
University of Indonesia for providing financial support for 
this research through the PUTI research grant with the 
contract number NKB-522/UN2.RST/HKP.05.00/2020. 

REFERENCES 
Andrade LM, de Fátima Reis C, Maione-Silva L, Anjos JL, Alonso 

A, Serpa RC, Marreto RN, Lima EM, Taveira SF (2014) Impact 
of lipid dynamic behavior on physical stability, in vitro release 
and skin permeation of genistein-loaded lipid nanoparticles. 
Eur J Pharm Biopharm 88(1): 40–47. 
https://doi.org/10.1016/j.ejpb.2014.04.015 

Aryani NLD, Siswandono, Soeratri W, Putri DY, Pingky DP (2021) 
Development, characterization in vitro and in silico of 
coenzyme Q10 loaded myriristic acid with different liquid 
lipids nanostructured lipid carries. J Pharm Pharmacogn Res 
9(5): 573–583. https://doi.org/10.56499/jppres21.1038_9.5.573 

Avonto C, Chittiboyina AG, Wang M, Vasquez Y, Rua D, Khan IA 
(2016) In chemico evaluation of tea tree essential oils as skin 
sensitizers: Impact of the chemical composition on aging and 
generation of reactive species. Chem Res Toxicol 29(7): 1108–
1117. https://doi.org/10.1021/acs.chemrestox.5b00530 

Bonaccorso A, Cimino C, Manno DE, Tomasello B, Serra A, 
Musumeci T, Puglisi G, Pignatello R, Carbone C (2021) 
Essential oil-loaded NLC for potential intranasal 
administration. Pharmaceutics 13: 1166. 
https://doi.org/10.3390/pharmaceutics13081166 

Carbone C, Martins-Gomes C, Caddeo C, Silva AM, Musumeci T, 
Pignatello R, Puglisi G, Souto EB (2018) Mediterranean 
essential oils as precious matrix components and active 
ingredients of lipid nanoparticles. Int J Pharm 548(1): 217–226. 
https://doi.org/10.1016/j.ijpharm.2018.06.064 

Carson CF, Hammer KA, Riley TV (2006) Malaleuca alternifolia (Tea 
tree) oil: A review of antimicrobial and other medicinal 
properties. Clin Microbiol Rev 19(1): 50–62. 
https://doi.org/10.1128/CMR.19.1.50-62.2006 

Cross SE, Russell M, Southwell I, Roberts MS (2008) Human skin 
penetration of the major components of Australia tea tree oil 
applied in its pure form and as a 20% solution in vitro. Eur J 
Pharm Biopharm 69(1): 214–22. 
https://doi.org/10.1016/j.ejpb.2007.10.002 

Fatemeh Nahr FK, Babak G, Hamed H, Hossein SK (2018) Food 
grade nanostructured lipid carrier for cardamom essential oil: 

Preparation, characterization and antimicrobial activity. J 
Funct Foods 40: 1–8. https://doi.org/10.1016/j.jff.2017.09.028 

Fitriani EW, Surini S, Avanti S, Rosana Y (2022). Design of tea tree 
oil loaded nanostructured lipid carrier: preparation and in 
vitro antifungal activity. J Southwest Jiaotong Univ 58(1): 205–
211. https://doi.org/10.35741/issn.0258-2724.57.1.18 

Galvão JG, Santos RL, Lira AAM, Kaminski R, Sarmento VH, 
Severino P, Dolabella SS, Scher R, Souto EB, Nunes RS (2020) 
Stearic acid, beeswax, as green raw materials for the loading of 
carvactrol into nanostructured lipid carriers. Appl Sci 10(18): 
6267. https://doi.org/10.3390/app10186267 

Ghasemiyeh P, Soliman MS (2018) Solid lipid nanoparticles and 
nanostructured lipid carriers as novel drug delivery systems: 
Applications, advantages, and disadvantages. Res Pharm Sci 
13(4): 288–303. https://doi.org/10.4103/1735-5362.235156 

Ghodrati M, Farahpour MR, Hamishehkar H (2019) Encapsulation 
of peppermint essential oil in nanostructured lipid carriers: In-
vitro antibacterial activity and accelerative effect on infected 
wound healing. Colloids Surf A Physicochem Eng Asp 564: 
161–169. https://doi.org/10.1016/j.colsurfa.2018.12.043 

Harisa GI, Badran MM (2015) Simvastatin nanolipid carriers 
decreased hypercholesterolemia induced cholesterol inclusion 
and phosphatidylserine exposure on human erythrocytes. J 
Mol Liq 208: 202–210. 
http://dx.doi.org/10.1016/j.molliq.2015.04.005 

Kaur S, Nautyal U, Singh R, Singh S, Devi A (2015) Nanostructure 
lipid carrier (NLC): The new generation of lipid nanoparticles. 
Asian Pacific J Heal Sci 2(2): 76–93. 
https://doi.org/10.21276/apjhs.2015.2.2.14 

Leonyza A, Surini S (2019) Optimization of sodium deoxycholate-
based transfersomes for percutaneous delivery of peptides 
and proteins. Int J App Pharm 1(5): 329–332. 
https://doi.org/10.22159/ijap.2019v11i5.33615 

Li WR, Li HL, Shi QS, Sun TL, Xie XB, Song B, Huang XM (2016) 
The dynamics and mechanism of the antimicrobial activity of 
tea tree oil against bacteria and fungi. Appl Microbiol 
Biotechnol 100(20): 8865–8875. 
https://doi.org/10.1007/s00253-016-7692-4 

Majeed H, Bian Y, Ali B, Jamil A, Majeed U, Khan QF, Iqbal KJ, 
Shoemaker CF, Fang Z (2015) Essential oil encapsulations: 
Uses, procedures, and trends. RSC Adv 5: 58449–58463. 
https://doi.org/10.1039/C5RA06556A 

Makoni PA, Wa Kasongo K, Walker RB (2019). Short term stability 
testing of efavirenz-loaded solid lipid nanoparticle (SLN) and 
nanostructured lipid carrier (NLC) dispersions. Pharmaceutics 
11(8): 397. doi: 
http://dx.doi.org/10.3390/pharmaceutics11080397 

Manzar MK, Pirouzifard MK, Hamishehkar H, Pirsa S (2020) Cocoa 
butter and cocoa butter substitute as a lipid carrier of 
Cuminum cyminum L. essential oil; physicochemical properties, 
physical stability and controlled release study. J Mol Liq 314: 
113638. https://doi.org/10.1016/j.molliq.2020.113638 

Mitrea C, Meghea A (2014) New approaches on the synthesis of 
effective nanostructured lipid carriers. Rev Chim 65(1): 50–55. 

Nene S, Saurabh S, Nagarjun R, Neelesh KM, Pankaj KS, Saurabh S 
(2021) Lipid based nanocarrier: A novel paradigm for topical 
antifungy therapy. J Drug Deliv Sci Technol 62: 1773–2247. 
https://doi.org/10.1016/j.jddst.2021.102397 

Ortiz AC, Yañez O, Salas-Huenuleo E, Morales JO (2021) 
Development of a nanostructured lipid carrier (NLC) by a low 
energy method, comparation of release kinetics and molecular 
dynamics simulation. Pharmaceutics 13(4): 531. 
https://doi.org/10.3390/pharmaceutics13040531 

Pardeike J, Hommoss A, Müller RH (2009) Lipid nanoparticles 
(SLN, NLC) in cosmetic and pharmaceutical dermal products. 

https://jppres.com/
https://doi.org/10.1016/j.ejpb.2014.04.015
https://doi.org/10.56499/jppres21.1038_9.5.573
https://doi.org/10.1021/acs.chemrestox.5b00530
https://doi.org/10.3390/pharmaceutics13081166
https://doi.org/10.1016/j.ijpharm.2018.06.064
https://doi.org/10.1128/CMR.19.1.50-62.2006
https://doi.org/10.1016/j.ejpb.2007.10.002
https://doi.org/10.1016/j.jff.2017.09.028
https://doi.org/10.35741/issn.0258-2724.57.1.18
https://doi.org/10.3390/app10186267
https://doi.org/10.4103/1735-5362.235156
https://doi.org/10.1016/j.colsurfa.2018.12.043
http://dx.doi.org/10.1016/j.molliq.2015.04.005
https://doi.org/10.21276/apjhs.2015.2.2.14
https://doi.org/10.22159/ijap.2019v11i5.33615
https://doi.org/10.1007/s00253-016-7692-4
https://doi.org/10.1039/C5RA06556A
http://dx.doi.org/10.3390/pharmaceutics11080397
https://doi.org/10.1016/j.molliq.2020.113638
https://doi.org/10.1016/j.jddst.2021.102397
https://doi.org/10.3390/pharmaceutics13040531


Fitriani et al. Tea tree oil nanostructured lipid carrier 

 

https://jppres.com  J Pharm Pharmacogn Res (2023) 11(3): 400 
 

Int J Pharm 366: 170–184. 
https://doi.org/10.1016/j.ijpharm.2008.10.003 

Patil GB, Patil ND, Deshmukh PK, Patil PO, Bari SB (2016) 
Nanostructured lipid carriers as a potential vehicle for 
carvedilol delivery: Application of factorial design approach. 
Artif Cells Nanomed Biotechnol 44(1): 12–19. 
https://doi.org/10.3109/21691401.2014.909820 

Pazyar N, Yaghoobi R, Bagherani N, Kazerouni A (2013) A review 
of applications of tea tree oil in dermatology: Discovery 
Service for Endeavour College of Natural Health Library. Int J 
Dermatol 52: 784–790. https://doi.org/10.1111/j.1365-
4632.2012.05654.x 

Pivetta TP, Simões S, Araújo MM, Carvalho T, Arruda C, Marcato 
PD (2018). Development of nanoparticles from natural lipids 
for topical delivery of thymol: Investigation of its anti-
inflammatory properties. Colloids Surf B Biointerfaces 164: 
281–290. https://doi.org/10.1016/j.colsurfb.2018.01.053 

Radwan IT, Baz MM, Khater H, Selim AM (2022) Nanostructured 
Lipid Carriers (NLC) for biologically active green tea and 
fennel natural oils delivery: Larvicidal and adulticidal 
activities againts Cullex pipiens. Molecules 27(6): 1939. 
https://doi.org/10.3390/molecules27061939 

Salim ERA, Eisa MM (2017) Salim-Eisa method for modification of 
evaporation test (British pharmacopeia) by Sudanese essential 
oils. J Appl Biotechnol Bioeng 3(2): 00064. 
https://doi.org/10.15406/jabb.2017.03.00064 

Satchell AC, Saurajen A, Bell C, Barnetson RS (2002) Treatment of 
interdigital tinea pedis with 25% and 50% tea tree oil solution: 
A randomized, placebo-controlled, blinded study. Australas J 
Dermatol 43(3): 175–178. https://doi.org/10.1046/j.1440-
0960.2002.00590.x 

Severino P, Pinho SC, Souto EB, Santana MH (2011) Polymorphism, 
crystallinity and hydrophilic–lipophilic balance of stearic acid 
and stearic acid–capric/caprylic triglyceride matrices for 
production of stable nanoparticles. Colloids Surf B 
Biointerfaces 86: 125–130. 
https://doi.org/10.1016/j.colsurfb.2011.03.029 

Sharifi-Rad J, Salehi B, Varoni EM, Sharopov F, Yousaf Z, 
Ayatollahi SA, Kobarfard F, Sharifi-Rad M, Afdjei MH, 
Sharifi-Rad M, Iriti M (2017) Plants of the Melaleuca genus as 
antimicrobial agents: From farm to pharmacy. Phytother Res 
31(10): 1475–1494. https://doi.org/10.1002/ptr.5880 

Surini S, Arnedy AR, Iswandana R (2019) Development of 
ethosome containing bitter melon (Momordica charantia Linn.) 
fruit fraction and in vitro skin penetration. Pharmacogn J 11(6): 
1242–1251. https://doi.org/10.5530/pj.2019.11.193 

Surini S, Leonyza A, Suh CW (2020) Formulation and in vitro 
penetration study of recombinant human epidermal growth 
factor-loaded transfersomal emulgel. Adv Pharm Bull 10(4): 
585–592. https://doi.org/10.34172/apb.2020.070 

Yadav E, Kumar S, Mahant S, Khatkar S, Rao R (2017) Tea tree oil: a 
promising essential oil. J Essent Oil Res 29(3): 201–213. 
https://doi.org/10.1080/10412905.2016.1232665 

_________________________________________________________________________________________________________ 
 
 

AUTHOR CONTRIBUTION:     

Contribution Fitriani EW Avanti C Rosana Y Surini S 

Concepts or ideas x x x x 

Design x x x x 

Definition of intellectual content x x x x 

Literature search x   x 

Experimental studies x    

Data acquisition x    

Data analysis x   x 

Statistical analysis x   x 

Manuscript preparation x   x 

Manuscript editing x x x x 

Manuscript review x x x x 

 

Citation Format: Fitriani EW, Avanti C, Rosana Y, Surini S (2023) Development of nanostructured lipid carrier containing tea tree oil: 
Physicochemical properties and stability. J Pharm Pharmacogn Res 11(3): 391–400. https://doi.org/10.56499/jppres23.1581_11.3.391 
 

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the 
publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher. 

 

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, 
duplication, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons license and indicate if changes were made.  

https://jppres.com/
https://doi.org/10.1016/j.ijpharm.2008.10.003
https://doi.org/10.3109/21691401.2014.909820
https://doi.org/10.1111/j.1365-4632.2012.05654.x
https://doi.org/10.1111/j.1365-4632.2012.05654.x
https://doi.org/10.1016/j.colsurfb.2018.01.053
https://doi.org/10.3390/molecules27061939
https://doi.org/10.15406/jabb.2017.03.00064
https://doi.org/10.1046/j.1440-0960.2002.00590.x
https://doi.org/10.1046/j.1440-0960.2002.00590.x
https://doi.org/10.1016/j.colsurfb.2011.03.029
https://doi.org/10.1002/ptr.5880
https://doi.org/10.5530/pj.2019.11.193
https://doi.org/10.34172/apb.2020.070
https://doi.org/10.1080/10412905.2016.1232665
https://doi.org/10.56499/jppres23.1581_11.3.391




｜ ｜















｜ ｜ISSN 0719-4250 Edltorlal Board 

JPPRes 
Journal of Pharmacy 
& Pharmacognosy 
Research 

Contact 

Volume 11, Issue 3 

J Pharm Pharmacogn Res 11(3). (May-Jun) 2023 

6 JPPRes 
journal of Pharmacy 
& Pharmacognosy 
Research 

IFC (Journal of Pharmacy & Pharmacognosy R•earch). 

1.- Original Article 

Sara E. Giraldo, Mauricio Bedoya, carlos Pena-varas, Paula A. Santana, IsabelL Bazzocct 

Ignacio A. Jimlmez, MarieiMarder, Nadezdha E. Vergel, Mario F. Guerrero, David Ramirez 

(2023) lridold esters from Valerlana pavonll Poepp. & Endl. as GABAA modulators: 

Structural insights In their binding mode and structure-activity relationship. I [Esteres 

iridoides de Valeriana pavonii Poepp. & Endl. como moduladores GABAA: Perspectivas 
estructurales de su modo de uni6n y relaci6n estructura-actividad]. J Pharm 

Pharmacogn Res 11 ( 3 ): 367-380. https:// doi.org/10.56499/jppres22.1570 _11.3.367 IIU.j~ [ 8~ 
Kb) [SUPPLEMENTARY DATA) 

2.- Original Article 

Putra Santoso, Syafruddin llyas, Yurnadi Hanafi Midoen, Putri Cahaya Situmorang (2023) 

EHact of Vltls gracilis Wall. administration on maximal swimming axerciH apoptosls 

via cytochrome c In rat lung cells. I [ Efecto de Ia administraci6n de Vitis gracilis Wall. 

sobre Ia apoptosis del ejercicio maximo de nataci6n v'ia citocromo c en celulas 

pulmonares de rata]. J Pharm Pharmacogn Res 11(3): 381-390. https://doi.org/10.56499 

/jppres23.1603_11.3.381 _.,31~ [1.02Mb] 

3.- Original Article 

Endang Wahyu Fitriani, Christina Avanti, Yeva Rosana, Silvia Surini (2023) Development Cl 

nanostructurad lipid carrier containing tea tree oil: Physicochemical propertiM and 

stability. I [Desarrollo de un portador lipfdico nanoestructurado que contiene aceite del 
arbol del te: Propiedades fisicoqufmicas y estabilidad]. J Pharm Pharmacogn Res 11(3): 

391-400. https://doi.org/10.56499/jppres23.1581_11.3.391 ws.;~ [503 kb] 

4.- Original Article 

Ema Ratna Sari, Netty Suharti, Friardi lsmed, Deddi Prima Putra (2023) Metabolite profllin 

In vitro antioxidant and xanthine oxidase Inhibitory properties of six Sumatran sidagu 

(Sida L.).l [Perfil de metabolites, propiedades antioxidantes e inhibidoras de Ia xantina 

user
Highlight



oxidase in vitro de seis sidaguri (Sida L.) de Sumatra]. J Pharm Pharmacogn Res 11(3): 

401-413. https://doi.org/10.56499/jppres22.1551_11.3.401IJ3.i .. [1.05Mb] 

5.- Original Article 

lndah Nur Chomsy, Mohammad Saifur Rohman, Husnul Khotimah, Nashi Widodo, Nur Ida 

Ponca Nugrahini (2023) Decaffeinated green tea and green coffee extracts as 

metformin's add-on enhance metabolic syndrome risk factors and improve the 

cardiac insulin-gene-related pathway. I [Extractos de te verde y cafe verde 

descafeinados como complemento de Ia metformina mejoran los factores de riesgo de 

sindrome metab61ico y Ia via cardiaca relacionada con los genes de Ia insulina]. J Phan 

Pharmacogn Res 11(3): 414-425. https://doi.org/10.56499/jppres23.1593_11.3.414 IJ3.i .. [70' 

Kb] 

6.- Original Article 

Efa Nugroho, Alfiana Ainun Nisa, Widya Hary Cahyati, Najib (2023) Perception, mental 

health, and social media exposure on adolescents in Indonesia during COVID-19 

pandemic. I [Percepci6n, salud mental y exposici6n a los medias sociales en 

adolescentes de Indonesia durante Ia pandemic de COVID-19 ]. J Pharm Pharmacogn RE 

11(3): 426-436. https://doi.org/10.56499/jppres22.1560_11.3.426 1.134 .. [350 Kb] 

7.- Original Article 

Tutik Sri Wahyuni, Hilkatulllmi, Ade Syamsi Kristiaji, Martiana Candra Dewi, Hanifah Khain 

Nisa, Achmad Fuad Hafid, Aty Widyawaruyanti (2023) Acute and repeated dose 28-day 

oral toxicity of Ruta angustifolia Pers. leaves ethanolic extract in Wistar 

rats. I [Toxicidad oral aguda y par dosis repetidas durante 28 dlas del extracto etan61icc 

de hojasde Ruta angustifolia Pers. en rates Wister]. J Pharm Pharmacogn Res 11(3): 

437-447. https://doi.org/10.56499/jppres23.1609_11.3.437 IJS.i .. [1.96Mb] 

8.- Original Article 

Jantana Yahuafai, Prayumat Onsrisawat, Suratsawadee Piyaviriyakul, Jannarin 

Nontakham, Naowarat Suthamnatpong (2023) Anticancer effect of Triphala extract on 

the hepatocellular carcinoma cells in mice. I [Efecto anticancerigeno del extracto de 

Triphala sabre las celulas de carcinoma hepatocelular en ratones]. J Pharm Pharmaco~ 

Res 11(3): 448-454. https://doi.org/10.56499/jppres23.1602_11.3.448 1.134 .. [461 Kb] 

9.- Original Article 

Rachid Flouchi, Mohamed El Far, Nour Elhouda El Atrache, Sabah El Kassmi, Youssra 

Ezzarouali, Nesrine Benkhaira, Naoufal El Hachlafi, Kawtar Fikri-Benbrahim (2023) 

Ethnobotanical survey on plants used during the COVID-19 pandemic in Taza (Morocc 

and population satisfaction according to the uRules of Association" 

approach. I [Encuesta etnobotanica sabre las plantas utilizadas durante Ia pandemic d 

COVID-19 en Taza (Marruecos) y satisfacci6n de Ia poblaci6n segun el enfoque de las 

UReglas de Asociaci6n"]. J Pharm Pharmacogn Res 11(3): 455-472. https://doi.org/10.564~ 

/jppres22.1552_11.3.455 W34 .. [824 Kb] 

10.- Review 

Alejandro Valencia-Arias, Maria Camila Bermea-Giraldo, Ada Gallegos, Lucia Palacios­

Moya,Sergio G6mez Molina (2023) Evoluci6n y tendencias investigativas de Ia gesti6n t 

Ia informaci6n en salud.l [Research trends in health information management]. J Pharr 

Pharmacogn Res 11(3): 473-488. https://doi.org/10.56499/jppres22.1497 _11.3.473 W&.i .. 



β

β

[707Kb] 

11.- Original Article 

Nezha Nacer, Nadia Ouzennou, Samia Rkha (2023) Dealing with sexually transmitted 

infections in private pharmacies in Morocco. I [Tratamiento de las infecciones de 

transmisi6n sexual en las farmacias privadas de Marruecos]. J Pharm Pharmacogn Res 

11 ( 3 ): 489-498. https:// doi.org/10.56499/jppres22.1537 _11.3.489 ~ [ 386 Kb] 

12.- Original Article 

Ruswanto Ruswanto, Richa Mardianingrum, Tita Nofianti, Anindita Tri Kusuma Pratita, 

Fahmi Muhamad Naser, Siswandono Siswandono (2023) DMign and computational 

study of the thiourea-cobalt( Ill) complex as an anticancer candidate. I [ Diseno y 

estudio computacional del complejo tiourea-cobalto(lll) como candidate 

anticanceroso ]. J Pharm Pharmacogn Res 11( 3 ): 499-516. https://doi.org/10.56499 

/jppres23.1622_11.3.499 .-n~ [1.61Mb] 

13.- Original Article 

Fitrya, Muharni, Fatma Sri Wahyuni, Annisa Amriani (2023) cytotoxicity and anti­

inflammatory activity of ethanol extract of Artocarpus altllls (Parkinson ex F.A.Zorn) 
Fosberg leaf In lipopolysaccharide-stimulated RAW 264.7 cells. I [ Citotoxicidad y 

actividad antiinflamatoria del extracto etan61ico de Ia hoja de Artocarpus altilis 
(Parkinson ex F.A.Zorn) Fosberg en celulas RAW 264.7 estimuladas con lipopolisoc6rido]. 

Pharm Pharmacogn Res 11(3): 517-522. https://doi.org/10.56499/jppres23.1623_11.3.517 

.-a4~ [ 497 Kb) 

14.- Original Article 

Vera Lodeska, Berna Elyo, Muhammad Honofi, Kusmardi (2023) Pharmacognostic 

evaluation and antioxidant capacity of Tetracera macropllylla Hook. F. & Thoms 
twigs. I [Evoluaci6n formocogn6stica y capocidod antioxidante de los romos de 

Tetracera macrophylla Hook. F. & Thoms]. J Pharm Pharmacogn Res 11(3): 523-536. 

https://doi.org/10.56499/jppres23.1613_11.3.523 .-a.;~ [1.45Mb] 

1&.- Original Article 

Cheryl Groce Pratiwi Rumahorbo, Putri Cahaya Situmorang, Elizabeth Rosa Meliana Pusp 

Zagoto, Lailatun Nisfa, Uswatun Hasanah (2023) Eflects of micro-colloidal RhodomyJtus 

tomentoaa on MMPI. GLUT-1. and IL-1 expression In Rattus norveglcus cervical 

cancer.l [ Efectos de Rhodomyrtus tomentosa microcoloidal sobre Ia expresi6n de MMPS 

GLUT-1 e IL-1 en el cancer cervical de Rattus norvegicus]. J Pharm Pharmacogn Res 11(3 

537-546. https:// doi.org/10.56499/jppres23.1618 _11.3.537 .-a.;~ [ 841 Kb] 

e 2023 Journal of Pharmacy & Pharmacognosy Research (JPPRes) 

JPPRes 
Journal of Pharmacy 
& Pharmacognosy 
Research 





Enter Journal Title, ISSN or Publisher Name









日本語版を表示する

查看简体中文版本

查看繁體中文版本

Просмотр версии на русском языке


	Development of nanostructured lipid carrier containing tea tree oil: Physicochemical properties and stability
	[Desarrollo de un portador lipídico nanoestructurado que contiene aceite del árbol del té: Propiedades fisicoquímicas y estabilidad]
	Endang Wahyu Fitriani1,2, Christina Avanti2, Yeva Rosana3, Silvia Surini1*
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	CONFLICT OF INTEREST
	ACKNOWLEDGMENTS
	REFERENCES



	Abstract
	Resumen

