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Original Article: 
Fabrication and Characterisation of Lavender Oil and 
Plant Phospholipid Based Sumatriptan Succinate Hybrid 
Nano Lipid Carriers

Background: Nanostructured Lipid Carriers (NLCs) of Sumatriptan Succinate (SS) were 
prepared by using lavender oil. In ancient days, lavender oil was used for the treatment of a 
migraine. The natural anti-migraine agent, lavender oil, combined with an anti-migraine drug 
such as SS in a nano-formulation, will be a practical alternative approach in migraine therapy. 

Objectives: Of sumatriptan succinate were fabricated by using a natural anti-migraine oil 
(lavender oil), LECIVA-S70, which is a specialized grade for liposomal dermatological 
preparation and designed for emulsion, fat infusions, nutraceutical formulations, and 
parenteral use. It contains 70% phosphatidylcholine, which is not generally present in the 
regular soy lecithin. 

Methods: The central composite design technique was used to examine the relationship 
between independent variables and responses such as lavender oil and LECIVA-S70. The 
dependent variables were Z-average (R1), Polydispersity Index (PDI) (R2), and % entrapment 
efficiency (R3). The NLCs were prepared with the double emulsification technique. The Fourier 
transform infrared spectroscopy, X-ray diffraction, and differential scanning calorimetry 
analyzed the drug excipient compatibility profile. The developed NLCs were characterized for 
particle size by using Mastersizer, Zetasizer, and Transmission Electron Microscopy TEM). 
The membrane diffusion technique studied the in vitro drug release profile. 

Results: The Mean±SD size of the NLCs ranged from 411.4±311.1 d.nm to 398.8±242.6 
d.nm. The best formulation (SNE9) demonstrated an average diameter of 398.8±242.6 d.nm, 
with the PDI of 0.216, and zeta potential of 17.18 mV

Conclusion: The optimized formula demonstrated the narrow size range, a satisfactory zeta 
potential, high drug loading, and reproducible drug release profile. The NLCs successfully 
retained the aroma of the lavender oil. According to ANOVA, the PDI (R2) is significant with 
the central composite design. 
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Introduction

anostructured lipid carriers (NLCs) are the 
new generation of drug delivery systems. 
The matrix of NLCs is composed of lipid 
and oil. NLCs offer high drug loading and 
delivery with various drugs [1, 2]. NLCs are 

a versatile drug delivery system, which can be fabricated 
by using solid and liquid lipids, surfactant, co-surfactant, 
and stabilizer. NLCs offer formulation and therapeutic 
advantages such as improved stability, solubility, higher 
permeability, bioavailability, and targeting.

Besides these ingredients, cryoprotectant and charge 
modifiers may contribute to the synthesis of NLCs to 
improve the formulation characteristics. The preparation 
method of NLCs involves the combination of liquid and 
solid lipids in different ratios, along with the surfactant 
between the range of 1.5%-5% [3]. NLCs can be pre-
pared by various methods such as high shear homog-
enization, ultrasonication, solvent diffusion, microemul-
sion, and double emulsification [4]. In this research, we 
have adopted a double emulsification method for the 
synthesis of NLCs. These carriers demonstrate various 
advantages over other lipid nanoparticles regarding the 
drug loading because their physical stability increases 
surface area and cellular uptake [5]. 

Migraine is a chronic disorder characterized by the 
paroxysmal episodes of a headache lasting for 4-72 h. 
Migraine attacks are 2.5 times more prevalent in women 
than men and usually strike the 25-44 years age group 
[6]. Intranasal therapy was practiced in the Indian system 
of medicines of Ayurveda for a long time. Currently, the 
nasal route is emerging as a second suitable route after 
the oral route [7]. The nasal drug delivery system is un-
der intensive research due to the various advantages such 
as non-invasive approach, rapid absorption, quick onset 
of action, self-administration, convenient for long-term 
therapy, and prevention of drug degradation by first-pass 
effect [8]. However, the nasal route has few disadvan-
tages, such as immunological reaction, nasal irritation, 
small absorption surface area and rapid mucociliary 
clearance [9]. The developed NLCs were evaluated in 
vitro in the Simulated Nasal Fluid (SNF) as the formu-
lation has the scope of transforming to a nasal delivery 
after appropriate clinical trials.

LECIVA-S70 is a pure polyunsaturated phospholipid 
of a specialized grade for liposomal, dermatological 
preparation and specially designed for emulsion, fat in-
fusions, nutraceutical formulations and parenteral use. It 
contains validated 70% phosphatidylcholine. The regu-

lar soy lecithin which is used in the manufacturing of 
chocolates, confectionaries, dietary supplements and 
pharmaceuticals have 10%-35% of phosphatidylcholine 
which is lower than LECIVA-S70. The phospholipids 
are classified as GRAS (Generally recognized as safe) 
by the United States FDA and demonstrating advanta-
geous in drug delivery, facilitating absorption, increasing 
bioavailability, and reducing toxicity [10]. Lavender oil 
is reported with the properties of soothing and calming 
effect on the nerves. It is also used in relieving tension, 
depression, panic, hysteria and nervous exhaustion. 

Lavender oil has been known for its medicinal proper-
ties in soothing headache and other types of pain [11, 12]. 
Lavender oil inclusion in this formula is an added advan-
tage, which offers the natural approach in relieving mi-
graines; moreover, synthesized NLCs retained the smell 
of lavender oil in the formulation. A tryptamine deriva-
tive, namely 3-[2-(dimethylamino)ethyl]-N-methyl-1H-
indole-5-methanesulfonamide or sumatriptan succinate, 
is a selective vascular serotonin agonist of 5-HT1 type 1. 
The agonist activities of 5-HT1B/1D receptors provide 
the relief of acute headache [13]. Sumatriptan succinate 
is an agonist against this particular receptor subtypes and 
no effect in other receptors [14]. Sumatriptan succinate 
is used via oral, subcutaneous, or intranasal route for 
the management of acute migraine with aura or without 
aura described as a classical and common migraine, re-
spectively [15]. Sumatriptan succinate is available in the 
oral doses of 25 mg, 50 mg, and 100 mg. The maximum 
dose is 200 mg per 24 h. The subcutaneous injections are 
available at a dose of 6 mg/d. Also, another 12 mg dose 
would be required if migraine was reoccurred. The nasal 
spray of SS is available in the market, which is gaining 
popularity among the patients. 

In this research work, the central composite design was 
used to fabricate SS-NLCs by using natural phospholipid 
of plant origin (LECIVA-S70) and migraine natural medi-
cine lavender oil with the aid of surfactant and co-surfac-
tant. The central composite design was chosen to study the 
effect of key ingredients in different concentrations in the 
formulation development. The central composite design 
approach minimizes the number of experimental trials to 
optimize the proportion of ingredients to develop the best 
formulation. The Fourier Transform Infrared Spectrosco-
py (FTIR), and Differential Scanning Calorimetry (DSC) 
confirmed the physicochemical compatibility of drug and 
excipients. The X-ray Diffraction (XRD) and Transmission 
Electron Microscopy (TEM) analysis were done for the 
characterization. The hydrodynamic diameter and zeta po-
tential were analyzed with Zetasizer. The in vitro drug re-
lease study was done with membrane diffusion technique.

N
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Materials and Methods

Study materials 

Natco Pharmaceuticals Pvt. Ltd. Hyderabad kindly 
presented the pure drug Sumatriptan Succinate (SS). 
LECIVA-S70 was received from VAV Life Sciences, 
Mumbai, India. Lavender oil and chloroform were ob-
tained from the CDH chemicals, India. 

Experimental design 

A central composite design was developed to study the 
impact of lavender oil and LECIVA-S70 in sumatriptan 
succinate NLCs. The concentrations of two independent 
variables of lavender oil wt% (X1) and LECIVA-S70 
wt% (X2) varied in 3 levels as low (-1), medium (0), and 
high (+1). The concentrations of lavender oil were 2.2, 
4.4, and 6.6 wt.%, respectively, for a low, medium, and 
high level. Similarly, the concentrations of LECIVA-
S70 were 0.1, 0.5, and 1 wt.%, respectively, for the low, 
medium and high level. The dependent variables were 
represented in terms of R1, R2, and R3, respectively for 
Z-average, Polydispersity Index (PDI), and % entrap-
ment efficiency (%EE). The central composite design 
and composition of different ingredients in the formula-
tion were presented in Table 1 and Table 2, respectively.

X-ray Diffraction (XRD) analysis

X-ray Diffraction (XRD) analysis was carried out 
to detect the crystallinity of the pure drug and its pos-
sible changes in the formulation. The XRD patterns of 
the pure drug (SS), dummy NLCs without the drug, and 
optimized NLCs (SNE9) were recorded with Bruker 
AXS D8 Advance and Cu monochromatic radiation 
(λ=1.5406˚A), at 40 kV and 40 mA, as the X-ray source. 
The light-spot position-sensitive detector recorded the 
scattering intensity. The diffractograms were recorded 
for 2Ѳ between 20° and 75°.

Fourier-transform infrared spectroscopy 

The compatibility study plays a significant role in the 
development of a stable dosage form. The FTIR spec-
trum of the pure drug (SS) alone and drug with the other 
excipients was analyzed by FTIR (Bruker Alpha 2000, 
Germany). The samples were analyzed at a range from 
4000-400 cm-1 between wavenumber and % transmit-
tance. KBr pellet technique is used in the sample prepa-
ration with a 2 mg sample in 200 mg KBr. The significant 
peaks of the drug were identified in the pure and mixture 
sample to study their interaction and, experiments were 
repeated for reproducibility.

Differential scanning calorimetry 

Differential Scanning Calorimetry (DSC) thermo-
grams of pure drug, drug-loaded optimized formulation 
(SNE9), and optimized formulation without the drug 
were recorded on a DSC equipment (TA Instruments 
DSC SDT Q600) to analyze the physical nature of the 
drug and excipients in the formulation. A sample (4–5 
mg) was weighed in an aluminum pan and then crimped. 
The samples were scanned at a temperature range of 
25°C –400°C at a heat flow rate of 10°C/min and con-
tinuously purged with nitrogen at a flow rate of 100 mL/
min. The data were analyzed by using the Universal 
Analysis 2000 software package (SDT Instruments).

Preparation of sumatriptan succinate NLCs 

The first oil phase was prepared by adding molten 
LECIVA-S70 (brownish waxy phosphatidylcholine 
phosphorous lipid enriched fraction of Non-GMO Soya 
bean lecithin) into lavender oil and stirred at 1000 rpm 
for 45 min by using overhead stirrer at 50˚C while in-
termittently drops of chloroform were added. LECIVA-
S70 and lavender oil mixture formed a thick slurry of oil 
phase 1. On the other side, 0.6% w/v Pluronic F-68 solu-
tion was prepared by using the Milli-Q water (10 mL). 
Then SS (35 mg) was added slowly and the mixture was 
stirred at 500 rpm for 30 min at 50˚C (aqueous phase 1). 
The aqueous phase 1 was added dropwise into the oil 

Table 1. 3 level full factorial design, providing the lower (-1), medium (0) and higher (+1) level value for each variable 

Levels
Variables

High Level (+1)Medium Level (0)Low Level (-1)

6.64.42.2Lavender oil

10.50.1Leciva S70
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phase 1, at 1000 rpm for 1 h, followed by sonication for 
15 min. The entire process was maintained at 50˚C until 
completion, which forms the primary emulsion (W/O). 
In another container, 0.6% w/v Pluronic F-68 solution 
was stirred at 50˚C (aqueous phase 2). 

The primary emulsion was added dropwise into an 
aqueous phase 2 containing 0.6% w/v Pluronic F-68 in 
Milli-Q water (10 mL) and stirred for 1 h at 1000 rpm 
and homogenized at 8000 rpm for 15 min. The whole 
product was then added to 30 mL of ice-cold water 
(2˚C-4˚C) and stirred for another 30 min to stabilize the 
emulsion (W/O/W). The final solution was centrifuged 
at 8000 rpm for 15 min. Then, the pellet was collected 
and dispersed into a few milliliters of Milli-Q water and 
refrigerated at -80°C and freeze-dried to form NLCs. 
This is the recommended approach to increase the physi-
cal stability of the NLCs and to avoid phase inversion 
upon storage [5, 16] (Table 3).

 

Particle size analysis and zeta potential

The mean droplet size, PDI, and zeta potential of NLCs 
were analyzed by Dynamic Light Scattering (DLS) tech-
nique at 25°C using a scattering angle of 90° (Zetasizer, 
model ZS, Malvern Instruments, UK). The mean diam-
eter of particles was analyzed with photon correlation 
spectroscopy (PCS) (DelsaTM Nano Common; Beck-
man Coulter) at a fixed angle of 90º. The particle size 
analysis data were analyzed by volume distribution ratio. 
The zeta potential of prepared NLCs was also investigat-
ed under the same conditions. The samples were previ-
ously diluted appropriately and sonicated for 3 min, then 
kept at a low conductivity zeta cell to meet the instru-
mental requirements before the measurement.

Table 2. Response value (Z average, PDI, %EE) of the experimental formulation 

Formulation Code
Formulation Composition Measured Response

Lavender Oil Wt % Leciva S70 Wt % Z Average (nm) ±SD PDI EE (%) ±SD

SNE1 2.2 0.1 179.7±3.05 0.510±0.09 60.1±0.88

SNE2 4.4 0.1 64.69±0.73 0.245±0.03 82.2±0.94

SNE3 6.6 0.1 70.64±0.82 0.275±0.07 79.4±1.23

SNE4 2.2 0.5 46.25±1.10 0.335±0.05 62.0±0.76

SNE 5 4.4 0.5 146.3±1.45 0.560±0.10 60.5±1.67

SNE6 6.6 0.5 36.14±0.92 0.332±0.04 65.1±1.85

SNE7 2.2 1 166.6±1.63 0.431±0.06 63.1±0.34

SNE8 4.4 1 52.20±1.08 0.337±0.04 68.3±0.98

SNE9 6.6 1 19.67±0.43 0.281±0.03 82.8±0.75

Table 3. Final optimized formulas of SLNs [SNE1-SNE9]

S.NO. SNE1 SNE2 SNE3 SNE4 SNE5 SNE6 SNE7 SNE8 SNE9

Sumatriptan Succuinate (mg) 35 35 35 35 35 35 35 35 35

lavender oil (ml) 2.5 5 7.5 2.5 5 7.5 2.5 5 7.5

Leciva-S70 (mg) 100 100 100 500 500 500 1000 1000 1000

Chloroform (ml) 6 6 6 6 6 6 6 6 6

PluronicF-68 (mg) 600 600 600 600 600 600 600 600 600
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Entrapment efficiency 

The NLCs were subjected to % drug entrapment effi-
ciency (%EE) by centrifuging it at 4696 RCF for 45 min 
at 4ºC. If required, the centrifugation was repeated one 
or two times more to separate the supernatant properly. 
The free drug content was analyzed by UV spectropho-
tometer at 228 nm. The blank for the study was obtained 
from NLCs prepared without a drug (dummy NLCs). 
The supernatant of dummy NLCs was separated by ap-
plying 4696 RCF for 45 min. The following equation 
calculated the percentage of drug entrapped (Formoul 1):

1. %EE= ×100

Total amount of drug-
Amount of unboud dryg

Total amount of drug
Transmission Electron Microscopy (TEM)

The Transmission Electron Microscopy (TEM) (Jeol/
JEM-2100) studies were carried out to analyze the physi-
cal features, shape, and surface morphology of nanopar-
ticles. TEM is contrast-based, and by which there is a 
possibility of detecting the entrapped drug molecules. 

The samples were placed in a carbon-coated copper grid. 
The samples were already diluted appropriately with 
HPLC (high-performance liquid chromatography) grade 
distilled water and subjected to sonication for 3 min.

In vitro drug release by membrane diffusion tech-
nique

Sumatriptan succinate release from the NLCs was 
studied with membrane diffusion technique [17, 18]. 
The dialysis membrane has a pore size of 2.4 nm. Ap-
proximately the molecular weight cut-off of 12000-
14000 was used [19]. The membrane was already 
soaked in HPLC grade distilled water for 12 h before 
enabling the diffusion of molecules through the mem-
brane, which limits the nanoparticles and allows the free 
drug to move to the receptor compartment. This mem-
brane was then tied at one end of the open-ended test 
tube, and another side remained open through which 
NLCs filled the tube. It is serving as a donor compart-
ment of the diffusion studies. The amount of NLCs was 
equivalent to 3 mg of drug content calculated based on 

Figure 1. A. Z average central composite design; B. PDI central composite design; C. %EE central composite
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%EE. This set up was then kept vertical into a beaker 
containing 100 mL of Simulated Nasal Fluid (SNF). 

The SNF was selected as a dissolution medium since 
the formulation can be used as a nasal formulation after 
appropriate clinical studies, and SS is also available in 
the market in the form of a nasal spray. The SNF was 
prepared by dissolving accurately weighed sodium chlo-
ride (NaCl) 8.77 mg/mL, potassium chloride (KCl) 2.98 
mg/mL and calcium chloride (CaCl2) 0.59 mg/mL per 
litre in aqueous solution. The beaker containing 100 mL 
SNF was served as a receptor compartment. The temper-
ature was maintained at 37±5ºC and 50 rpm was main-
tained throughout the study. 

An aliquot of 5 mL of samples was withdrawn at vari-
ous time intervals from the receiver compartment and 
replenished with the fresh volume of SNF to maintain 
the sink condition. Based on the amount of drug released 

at each time interval, the cumulative amount of drug re-
lease was calculated for a complete diffusion period. The 
system was replenished with the new media (5 mL) ev-
ery time and samples were analyzed spectrophotometri-
cally (UV SYSTRONICS; 2201, India) at 228 nm.

Various pharmacokinetic models were used to describe 
the in vitro drug release kinetics of the drug release pro-
file [20]. The cumulative amount of SS released from the 
SLN formulation at different time intervals were fitted 
with the following models: cumulative drug release vs. 
time (zero-order kinetic model), log cumulative of % drug 
remaining vs. time (first-order kinetic model), and cumu-
lative % drug release vs. square root of time (Higuchi 
model). The zero-order rate describes the system in which 
the drug release rate is independent of its concentration. 
The first order describes the release from a system, where 
the release rate is concentration-dependent. Higuchi ex-
plained the release of drug from NLCs as a square root of 

Figure 2. A. XRD of pure drug sumatriptan succinate; B. XRD overlay graphs of SLNs

Figure 3. FTIR of overlay spectrum of Drug and all excipients 
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time-dependent process based on Fickian diffusion, log 
cumulative % drug release vs. log time (Korsmeyer-Pep-
pas model), and cube root of drug % remaining in matrix 
vs. time (Hixson- The Crowell cube root law). 

Stability studies 

The stability of the NLCs is a critical parameter in the 
study. In the present study, the formulations were packed 
in a suitable container and subjected to stability study 
for one month at 4ºC and 27ºC±75% RH. The samples 
from the container were withdrawn at 1 day, 1 week, and 
1 month for the analyses of their physical features, color 
change, % EE, and drug release.

Figure 4. DSC of final formulation SNE9

Figure 5. A. Zeta sizer graph of SNE2; B. Zeta sizer graph of SNE 3; C. Zeta sizer graph of SNE 9
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Data analysis

The central composite design was analyzed by re-
sponse surface method with a subtype of randomized 
design mode of quadratic process order in Design Ex-
pert 10.0.3. The results were analyzed appropriately by 
ANOVA and other statistical tests. 

Results

Central composite design analysis

Figure 1A-C displays the results of different factors and 
responses. The significant impact of the factors on re-
sponses were detailed in the respective discussion section.

X-ray Diffraction (XRD) Analysis 

The results of the XRD pattern of pure SS and opti-
mized best formula of SLN without the drug were re-

ported. The diffraction pattern of SS demonstrated the 
significant sharp characteristic peaks at 2Ѳ value of 
13.27º, 16.30º, 20.56º, 22.06º, 22.72º, 26.92º, and 31.39º 
(Figure 2A-B). 

Fourier-transform infrared spectroscopy 

The Fourier Transform Infrared Spectroscopy (FTIR) 
analysis was done on all the ingredients as well as on the 
developed formulations. The drug SS demonstrated S=O, 
-C-N stretch at 1081.55 cm-1 and 1298.42 cm-1, respectively. 
The –C-S stretch and the N-H stretch were also observed at 
the 637.52 cm-1 and 3372.64 cm-1, respectively. The 3ºNH 
(tertiary amine) and O-H stretch are also present and ob-
served at 3102.61 cm-1 and 1437.59 cm-1, respectively. The 
various spectrums were recorded by mixing the excipients 
with the drug. The spectrum of drug-excipients mixture was 
also demonstrated the same stretch as the pure drug spectrum 
itself. The SS with the lavender oil showed the S=O, C-N 
stretch at 1081.18 cm-1, and 1298.09 cm-1, respectively. The 

Figure 6. A. Zeta potential of SNE2; B. Zeta potential of SNE3; C. Zeta potential of SNE9
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C-S and N-H stretch were also observed at 637.61 cm-1 and 
3372.35 cm-1, respectively. Slightly different 3ºNH and O-H 
stretches were observed at the 3102.30 cm-1 and 1428.40 cm-

1, respectively. Similarly, SS in combination with LECIVA-
S70 demonstrated S=O stretch at 1081.55 cm-1, C-N stretch 
at 1299.09 cm-1, and C-S stretch at 637.30 cm-1 the same 
as those of SS. A slightly different N-H stretch was found 
at 3377.09 cm-1 which is negligible. The 3ºNH stretch was 

observed at 3101.97 cm-1 intact as that of SS. Similarly, O-H 
stretch was also seen at 1438.19 cm-1 (Figure 3).

Differential scanning calorimetry analysis

The DSC thermogram of SS pure drug demonstrated a 
sharp exothermic peak at 172.2ºC, which corresponds to the 
melting point of the drug. The physical mixture of SS and 

Figure 7. TEM

Figure 8. In vitro drug release profile
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LECIVA-S70 was analyzed by DSC in which SS peak was 
slightly reduced to 168.3ºC due to the presence of LECIVA-
S70 in the physical mixture. LECIVA-S70 did not show any 
peak due to its amorphous nature. The physical mixture of 
SS with all the ingredients (Lavender oil, LECIVA-S70, 
and Pluronic F-68) showed two peaks, one at 168.1ºC cor-
responding to SS and another at 57.1ºC corresponding to 
the melting point of Pluronic F-68. No peaks appeared for 
the lavender oil and LECIVA-S70 as those are not present 
in crystalline form (Figure 4).

Particle size analysis

The particle size analysis of all formulations was done 
with Zetasizer. The Mean±SD diameter of SNE1 and 
SNE2 was found to be 411.4±311.1 and 299.0±165.6, with 
the PDI of 0.298 and 0.207, respectively. The SNE3 and 
SNE6 formulations demonstrated that the Mean±SD diam-
eter of 298.5±106.0 and 177.0 ±86.0 with the PDI of 0.227 
and 0.183, respectively. The Mean±SD diameter of formu-
lations SNE8 and SNE9 were found to be 204.9±100.6 and 
398.8±242.6 with the PDI of 0.187 and 0.216, respective-
ly. The PDI of the mentioned formulations ranged between 
0.183 and 0.298 which was found to be satisfactory. The 
PDI of all formulations ranged between 0.245 and 0.560. 
The formulation SNE9 demonstrated the Z-average, PDI, 
%EE of 19.67, 0.216, and 82.8±0.7, respectively. The other 
formulations with better Z-average were SNE2 and SNE3, 
which recorded the values of 0.245 and 0.275, respectively 
(Table 4, Figure 5 A-C).

Zeta potential

The NLCs of SS were subjected to the study by using the 
instrument Delsa Nano CTM Beckman Coulter. All the for-
mulations were reported with a negative charge. The values 
of the zeta potential were -9.01,-8.23,-17.18, respectively 
for SNE2, SNE3, and SNE9 (Table 5, Figure 6 A-C).

 Transmission Electron Microscopy (TEM) 

The TEM images of optimized SLN demonstrated that 
the particle was nearly spherical. The particle size values 
reported by the TEM imaging technique were about 1.5, 
1.65, 2.97, 3.80, 5.96, and 6.53 nm (Figure 7 A-D).

In vitro study

The in vitro release study of NLC was performed using 
membrane diffusion technique. The SNF was used as dif-
fusion media as the preparations can be used as a nasal 
formulation. The best formulation (SNE9) released only 
51.4% of the drug 8 h after the diffusion study, which 
confirmed the controlled release pattern. It took 18 h to 
release 90% of the entrapped drug. Almost all the for-
mulations released 25% of the drug in the first 6 h and 
less than 50% of the drug until 8 h of the diffusion study 
(Figure 8A-B).

Discussion

Table 4. Particle size analysis of SLNs

Formulations Code
Distribution Width (nm) Distribution Diameter 

Average (nm) ±SD
Diameter(nm) Cu-
mulants Results PDI Molecular Weight

D10 D50 D90

SNE1 112.20 311.90 809.90 411.4±311.1 281.1 0.298 3.288e+009

SNE2 122.00 246.70 512.80 299.0±165.6 228.9 0.207 2.166e+009

SNE3 188.20 291.20 405.60 298.5±106.0 287.5 0.227 3.417e+009

SNE6 81.80 151.40 288.50 177.0 ±86.0 143.6 0.183 8.521e+008

SNE8 92.60 177.20 333.20 204.9±100.6 165.8 0.187 1.136e+009

SNE9 136.30 326.40 711.40 398.8±242.6 238.4 0.216 2.759e+009

Table 5. Zeta potential analysis 

S.No. Formulation Code Zeta Potential (mV) Mobility (cm2/Vs) Conductivity (mS/cm)

1. SNE2 -9.01 -7.028e-005 0.2349

2. SNE3 -8.23 -6.432e-005 0.2665

3 SNE9 -17.18 -1.340e-004 0.2202
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SS is widely used in the treatment of migraine and 
available in the form of tablet and spray. The aroma and 
medicinal property of lavender oil may offer a beneficial 
effect in the treatment of migraine, especially when it is 
combined with an antimigraine drug. The formulations 
were prepared according to the central composite design 
generated by Design Expert 10.0.3. The impact of two 
formulation factors, i.e. the amount of lavender oil (X1) 
and the amount of LECIVA-S70 (X2) on the 3 response 
variables of Z-average (R1), PDI (R2), and %EE (R3) 
were analyzed in the study. The significance of the de-
signed model was determined by F value (Supplemen-
tary file 4, Table 1A-C). 

The study results demonstrate that the Z-average and 
%EE were not significant in the design at the signifi-
cance level of 0.05; however, PDI results were signifi-
cant. The formulations characteristics were influenced 
by the selected concentration level of the lavender oil 
and LECIVA-S70 ingredients. Danaei et al. described 
that PDI and size play an important role in deciding the 
systemic use of nanoparticles in clinical settings [21]. 
Therefore, the method developed for the synthesis of 
nanoparticles should produce the nanoparticles with re-
producible PDI. Thus the developed design is significant 
with the PDI and will help develop the lipid carrier of 
reproducible PDI for the therapeutic applications. 

All the prepared NLCs were subjected to particle size 
analysis by Zetasizer. The size distribution was analyzed 
by taking size (d.nm) in the X-axis and % intensity in 
Y-axis. The mean particle size of all formulations was 
between 19.67 nm to 179.7 nm. The entrapment effi-
ciency of all formulations varied between 60.1% and 
65.5%. The best formulation has been selected based on 
the three critical parameters of smaller size, lower PDI, 
and higher %EE of the drug. 

The formulations which demonstrated extreme devia-
tions from these critical parameters were already elimi-
nated from further studies such as TEM and in vitro drug 
release profile. Nine formulations were selected from the 
various trials, and the elimination criteria were set with 
the following parameters: Formulations with %EE less 
than 60%, high Z-average, and high PDI. The formula-
tion which falls in these categories has been eliminated 
from further studies. The formulation which fails to en-
trap more than 60% drug was not considered as the best 
formulation, and upon storage, they may deteriorate fur-
ther due to the diffusion of the drug from the ruptured 
emulsion layers of NLCs. Therefore, they were elimi-
nated from further studies. 

The formulations with high Z-average tend to settle 
quicker than the smaller droplet, and this is reinforced 
by higher PDI. The formulations with high PDI demon-
strate a high variation in the droplet size, which encour-
ages an Ostwald ripening of smaller particles that further 
coalesces with the already available larger particles and 
weakens stability and phase separation. So, the formula-
tions with higher PDI in the group were eliminated. The 
formulations which fall closer to these three parameters 
have also been eliminated. Amongst the 9 remaining 
formulations, the formulations (CNP4, CNP5, CNP7) 
which demonstrated the wide distribution range based 
on the size distribution pattern seen in the Malvern Zeta-
sizer graph plotted for % intensity vs. size (nm.) were 
eliminated from this group (Supplementary file 1).

The formulations SNE1, SNE2, SNE3, SNE 6, SNE 8, 
and SNE 9 were subjected to further evaluation in Zeta-
sizer Delsa NanoTM Common (Supplementary file 2) for 
the determination of distribution width (D10, D50, D90) 
and distribution diameter. Based on this report, three 
formulations of SNE2, SNE3, and SNE9 were picked 
for zeta potential determination (Table 5). Of these three 
formulations, SNE9 demonstrated the highest zeta po-
tential; thus, it was declared as the best formulation of 
the group. However, SNE9 was selected as the best for-
mulation based on the overall comparison.

The particle size was very narrow in all formulations. 
The best formula, SNE9, demonstrated the Z-average of 
19.67±0.43, which is the lowest among the groups, and 
the PDI of SNE9 was 0.281±0.03. As shown in the sur-
face response graph, the higher level of lavender oil and 
LECIVA-S70 concentration influences the lower range 
of globules in the emulsion, whereas PDI significantly 
increased by a higher concentration of LECIVA-S70 and 
lavender oil. Thus, the concentration of these two ingre-
dients should be in the range between lower to medium 
level (-1,1) that corresponds to 2.2-4.4 for lavender oil 
and 0.1-0.5 for LEVICA-S70. This range helps fabricate 
the NLCs with smaller particle size and increase their 
stability. The higher concentration of LECIVA-S70 and 
lavender oil significantly influenced the higher encapsu-
lation capacity as the layers of the globules were strong 
enough to accommodate more medication. On the other 
hand, the lower concentration of both ingredients makes 
%EE to fall below 60%. 

The x-ray diffraction results exhibited the crystalline 
nature of the drug. The best formulation, SNE9, con-
firmed the presence of similar significant peaks in the 
diffractogram as the pure drug (SS) with less intensity. 
The intensity of the significant peaks was less in the for-

Reeta et al. Lavender Oil and Plant NLC. PBR. 2020; 6(1):91-104.

http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
http://pbr.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en


102

 March 2020. Volume 6. Number 1

mulation due to the conversion of the drug into the amor-
phous form which is confirmed by the diffused pattern of 
the diffractogram. The drug excipient compatibility was 
analyzed with FTIR. The spectrum of pure drug and its 
mixture with used excipients were recorded. The spec-
trum was analyzed for the significant peaks of pure drug 
and then compared with the spectrum of drug mixture 
with excipients. The overlay spectrum of pure medicine 
(SS) and the mixture was developed to confirm the ab-
sence of interaction between the drug and excipients in 
terms of chemical change. 

The results demonstrated that the key ingredients, such 
as lavender oil and LECIVA-S70, have no significant 
interaction with the SS. The overall drug excipients 
compatibility study showed no interaction of drug and 
used excipients in terms of chemical change. Based on 
the results of the FTIR, the excipients were proceeded 
by the formulation process. The final best formulation of 
NLCs, i.e. SNE9, was analyzed by DSC and came out 
with a single exothermic peak at 116.4ºC, in which the 
onset of melting starts below 85ºC. The melting point 
reduction of SS from 172.2ºC (pure form) to 116.4ºC 
revealed that the entrapped crystalline SS had been par-
tially converted into amorphous form within the NLCs. 

All the NLCs of SS were subjected to particle size anal-
ysis by Malvern Zetasizer. Table 2 presents the results of 
Z-average, PDI, and % EE. The particle size distribu-
tion was analyzed by taking size (d.nm) in X-axis and 
% intensity in Y-axis. The results demonstrated that all 
the particles were within the nanorange with the low to 

moderate PDI. The SNE1, SNE2, SNE3, SNE6, SNE8, 
and SNE9 formulations were found to be the better and 
further subjected to Delsa Nano CTM Zetasizer analysis 
to obtain more detailed information. 

In Delsa Nano CTM, the intensity distribution was 
plotted by taking diameter (nm) in X-axis, differential 
intensity % in Y-axis, and cumulative intensity (%) in 
Z-axis. The best formulation was SNE9 which demon-
strated a bell-shaped curve. This formulation contained 
the highest concentration of lavender oil (6.6 wt.%) and 
LECIVA-S70 (1 wt.%). The remaining formulations 
have also demonstrated the nanorange size but, SNE9 
demonstrated the highest zeta potential amongst the 
group; thus, it was selected as the best formulation.

The zeta potential of SNE9 was -17.18 mV, and the 
other formulations were reported with less zeta poten-
tial as compared to SNE9. The whole system favors the 
negative charge, and this supports the high stability due 
to electrostatic repulsion of the same charge. 

The highest %EE of 82.8% was reported for SNE9, 
which revealed that smaller particles possess higher 
%EE. The formulation of SNE2 and SNE3 demonstrated 
82.2% and 79.4% as the second and third highest %EE 
in the group. The remaining formulations %EE ranged 
between 60.1% and 65.5%.The TEM results revealed 
that the particle size obtained by the TEM imaging tech-
nique was less than the hydrodynamic diameter obtained 
by the dynamic light scattering technique with Zetasizer. 
This is probably due to the dehydration of nanoparticles 

Table 6. Drug release kinetic of SLNs

Formul-
ation Code

Zero Order First Order Higuchi Korsmeyor Peppas Hixon Crowell

Ko (h-1) R2 K1 (h-1) R2 KH (h-1/2) R2 n R2 K1 (h-1/3) R2

SNE 1 4.470 0.974 -0.033 0.986 22.48 0.956 1.401 0.997 -0.098 0.986

SNE 2 5.367 0.979 -0.041 0.917 26.73 0.940 1.396 0.934 -0.128 0.979

SNE 3 4.717 0.975 -0.038 0.977 23.66 0.951 1.228 0.994 -0.109 0.982

SNE 4 4.375 0.963 -0.034 0.969 21.94 0.938 1.528 0.979 -0.102 0.980

SNE 5 4.007 0.946 -0.027 0.974 20.43 0.953 1.317 0.969 -0.083 0.967

SNE 6 4.749 0.985 -0.030 0.984 23.61 0.943 1.570 0.990 -0.092 0.983

SNE 7 4.640 0.947 -0.036 0.977 23.70 0.957 1.435 0.991 -0.104 0.972

SNE 8 4.405 0.955 -0.033 0.980 22.87 0.955 1.411 0.986 -0.099 0.976

SNE 9 5.171 0.971 -0.062 0.967 28.90 0.961 1.413 0.998 -0.157 0.986
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during the sample preparation of the NLCs for TEM 
analysis and can be considered as dried particle size. 

The drug entrapment or loading is visible from the TEM 
analysis by the presence of contrast part, which is covered 
by thin uniform, the evenly distributed translucent film; 
thus, the drug loading is confirmed in the NLCs. The par-
ticle size shown in the Zetasizer was slightly higher than 
what was reported with TEM because the Zetasizer mea-
sures the apparent diameter of the particle, which covers 
the surrounding hydrodynamic layer of the particles. 

The larger size of nanoparticles in the Zetasizer results 
was not due to the aggregation of particles because the 
preparation was subjected to probe sonication for 5 min, 
which nullifies the chances of aggregation. However, 
the TEM and Zetasizer analyses confirm the presence 
of nanoparticles in the prepared emulsion and the en-
tire system is within the nanorange.The in vitro study 
results revealed that despite the less viscous nature of 
formulations, the drug release was due to the drug en-
trapment within the multi-layers of the NLCs (Figure 
8A-B). Furthermore, the matrix of the nanoparticles 
was in a uniform spherical shape, which controlled the 
drug release from the core. Since the drug release pat-
tern demonstrated the controlled release profile, the data 
were fitted with various pharmacokinetic models. The 
results of the pharmacokinetic model analysis showed 
the best fit with the Korsmeyer-Peppas equation (Table 
6, Supplementary file 3)

Conclusion 

SS-lavender oil hybrid NLCs were prepared success-
fully. The results of FTIR and DSC revealed no incom-
patibility between the drug and excipients. The XRD pat-
tern of the best formulation confirms the conversion of 
the crystalline form of the medicine to amorphous form. 
The particle size and zeta potential results confirmed the 
size in nanorange, and the best formulation, SNE9, dem-
onstrated the highest zeta potential of -17.18 mV, which 
confirms the strong stability of the NLCs. The entrap-
ment efficiency of the formulations ranged between 60% 
and 82%. The in vitro drug release study revealed that 
the drug release was found to be consistent, controlled, 
and reproducible. The drug release profile of the formu-
lation fitted with various pharmacokinetic models. The 
Korsmeyer-Peppas equation demonstrated the best fit. 

The TEM results confirmed the particle size within the 
nanorange and the presence of entrapped drug within the 
nanoparticles. The results of central composite design 
demonstrated that the concentration of LECIVA-S70 

and lavender oil plays an essential role in the synthe-
sis of NLCs with reproducible PDI which is crucial for 
systemic and translation into clinical uses. The devel-
oped NLCs were considered as the hybrid nanoparticles 
which possess the soothing aroma of lavender oil and 
therapeutic potential of the antimigraine drug (SS) in a 
single formulation. The formulation demonstrates the 
significant potential to be used as a nasal formulation af-
ter an appropriate clinical study.
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