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Vitamin C (Vit-C) and lemon essential oil have several notably benefits for human 
skin physiology such as stimulating the biosynthesis of collagen, reduce acne 
and dark spot. But, they poorly bypass the epidermis stratum corneum barrier. 
Also, lemon essential oil has high vapor pressure. To address these challenges, 
our aim was preparing and size optimizing a lipophilic version of Vit-C (Ascorbyl 
tetraisopalmitate) and lemon essential oil by encapsulation of them inside of 
nanoemulsion droplets (used as oil phase of nanoemulsion), for improving skin 
diffusion and delivery across the stratum corneum cells. Lemon essential oil was 
characterized with gas chromatography-mass spectroscopy. Multiple regression 
analysis was used for obtaining of the HLB required of mix Lemon essential oil and 
Vit-C. The results revealed that the concentration ratio of Tween 80 to Tween 85 
is important for achieving nano-range particle size with good stability. Particle size 
was determined by Dynamic light scattering method. FT-IR showed encapsulation 
of Vit-C and lemon essential oil inside of nanoemulsion droplets. The pH of final 
formulation (F1) was 4.8. Current study indicated that the stable lemon essential 
oil nanoemulsion contain Vit-C is a good candidate for increasing dispersity and 
protection of lemon essential oil and Vit-C in water. 
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INTRODUCTION
Vitamin C (Vit-C) is an essential micronutrient 

for humans [1] that has several notably benefits 
for human skin physiology such as stimulating 
the biosynthesis of collagen, reduce acne and dark 
spot [2, 3]. Vit-C is one of the main promoters of 
collagen formation. The main cutaneous collagens 
are types I and III. These types of collagens are less 
synthesized with aging. Vit-C is a potent antioxidant 
and a cofactor for a family of biosynthetic and gene 
regulatory enzymes that induce collagen synthesis 
(e.g., lysyl and prolyl hyroxylase) [1, 3-5]. In 
addition, Vit-C can block melanin production and 

improved hyperpigmentation [6].
Due to instability of ascorbic acid and first pass 

effect, oral supplementation of Vit-C is not suitable 
delivery dosage form to increase concentration in 
target tissue (e.g., skin tissue) [7]. Also, as a topical 
solution of Vit-C, passing through the epidermis 
stratum corneum barrier is poor [2]. Because the 
stratum corneum cells at skin tissue are closely 
arranged, it is difficult for the water-soluble type 
of Vit-C to skin penetrate. Delivery through 
the stratum corneum cells prefer hydrophobic 
substances [6]. Also, water soluble of Vit-C has 
poorly stable and easily oxidized to dehydroascorbic 

http://creativecommons.org/licenses/by/4.0/.
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acid, and subsequently lose its activity [6]. Oil 
soluble of Vit-C is more stable than water soluble 
form. Encapsulation of the fat-soluble type of Vit-C 
inside of surfactant barrier in nanoemulsion can 
prevent oxidation by oxygen.

There are various commercial formulations 
on the market that used oil soluble of Vit-C 
[8]. Formulations containing esters ascorbyl 
tetraisopalmitate (ATIP) or tetrahexyldecyl 
ascorbate at concentrations of 2 to 3% produced 
commercially by several companies. ATIP is 
approved as a quasi-drug active in Japan at 3% 
concentration [9]. ATIP as a functional ingredient 
for skin brightening at 2% concentration is 
registered in Korea [9]. So, in this study, 2% 
concentration of ATIP was selected. ATIP as highly 
stable form of Vit-C has high efficiency for radiance 
(whitening), wrinkles (anti-oxidant) and softness 
(collagen level) of the skin [10]. 

Previous studies showed that lemon (Citrus 
limon L.) essential oil has antioxidant effect [11, 
12], antifungal [13], antibacterial [14], and antiviral 
[15] activities. Our pervious studied showed that 
ointment of lemon essential oil has very effective 
active ingredient for induce collagen synthesis 
[16]. Poor dispersity and highly vapor-pressure of 
lemon essential oil are two mainly drawback of it 
for application in formulation. By encapsulation it 
inside nanoemulsion particles, can be overcome on 
these challenges.

In the most topical delivery system of 
antioxidant whitening ingredients (e.g., Vit-C, 
Kojic acid and so on) through the skin barrier, the 
three factors of stratum corneum breakthrough, 
epidermal penetration and dermal deposition are 
essential to be effectively done to inhibition of 
melanin production [6]. One of the best carriers 
for transfer therapeutic agent across the stratum 
corneum cells is the nanoemulsion drug delivery 
systems.

Nanoemulsions (NEs) are two immiscible 
liquids (as liquid and oil phase) that utilized 
an appropriate surfactant(s) for stabilization of 
systems [17, 18]. Nanoemulsions with smaller 
size are transparent that are different from 
microemulsion or coarse emulsion with milky 
white color [19]. Their long-term physical stability 
is related to apply higher surfactant concentration 
than microemulsion and select a proper HLB 
(according to the HLB required of oil(s)), which 
impairs conventional destabilization phenomena 
like creaming, sedimentation and coalescence 

[20]. Oil in water nanoemulsion (NE) capable to 
solubilize very hydrophobic agent (e.g., ATIP) 
[17, 21] that significantly increase the rate of drug 
dissolution and systemic bioavailability [22]. 

Oil phase of nanoemulsion, as carrier, is 
excellent candidate for hydrophobic drugs [21]. 
Oils or essential oils of herbal plants, as oil phase of 
nanoemulsion, can provide an additional property 
such as antioxidant effect, antibacterial activity or 
so on. 

Use Vit-C and lemon essential oil as the oil 
phase of nanoemulsion have several benefits such 
as:

1- It protect of Vit-C (Ascorbyl tetraisopalmitate) 
and lemon essential oil from oxidation by 
encapsulation of them inside the surfactant barrier 
of nanoemulsion droplets.

2- Achieved very good dispersion of oily active 
ingredient such Ascorbyl tetraisopalmitate and 
lemon essential oil in water.

3- Lemon essential oil and Vit-C have many 
benefits, for examples skin anti-aging activity [23, 
24], induce increasing collagen synthesis [3, 16] 
and reducing tissue bacterial infection [16, 25].

HLB of surfactant effect on nanoemulsion 
size and stability. The HLB required of oil needed 
for determination of proper surfactant. In some 
formulations, when two or more oils are mixed, 
the HLB required of final oil mixture determines 
according to oil mixing ratio. Also, HLB of more 
than one surfactant determine with a mixing ratio 
of them. For achieved desire HLB related to the 
HLB required of oil mixture, two surfactants with 
different HLB can be used. Select exact the HLB 
required is essential to achievement nanoemulsion 
with lower particle size and stable solution. In this 
study, we investigated and optimized surfactant 
ratio for adjusted the HLB of formulation to close to 
HLB required of Lemon essential oil nanoemulsion 
contained vitamin C (CLONE).

Our aim was the design and development of 
Lemon essential oil nanoemulsion for protecting 
Vit-C from harsh environmental condition along 
with increasing deeply delivery to epiderm and 
derm of skin tissue.  

MATERIALS AND METHODS
Materials

Lemon essential oil was obtained from Barij 
Essence Pharmaceutical Co. (Kashan, Iran). 
Vitamin C (Ascorbyl Tetraisopalmitate) was 
purchased from Nikko Chemical Co., LTD (Tokyo, 
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Japan). Polysorbate 80 ad Polysorbate 85 (Tween 80 
and Tween 85) and other chemical materials were 
obtained from Merck Chemicals Co. (Darmstadt, 
Germany). 

Characterization of lemon essential oil
Gas Chromatography

Gas Chromatography-Mass spectrometry (GC-
MASS) instrument (GC 6890) was applied for 
determination of the most constituents of Lemon 
essential oil, according to the method described in 
our previous study [21]. A GC-MASS with a BPX5 
column (30 m×250 µm inner diameter and film 
thickness of 250 nm) was applied for separation 
of Lemon essential oil compounds. A Mass 
Spectrometer (model MS 5973N) was coupled to gas 
chromatography device for detection of constituents. 
The initial oven temperature was set to 50°C for 
5 min before injection, and increase to 240°C 
gradually at a rate of 3°C/min. Then, the temperature 
was increase immediately to 300°C at a rate of 15°C/
min and maintained for 3 min at this temperature. 
Helium gas (99.999%) was applied as carrier gas with 
a flow of 0.5 mL/min. The split ratio was 1:35 and 
the injector temperature was set at 250°C. Fragment 
mass was recorded at 70 eV ionization energy at 40 
to 500 m/z with a scan time of 1 s.

Refractive index
Refractive index was measured using an 

Abbetype refractometer (ATAGO, Berlin, 
Germany). Briefly, 3 milliliters of lemon essential 
oil were applied on stage of the refractometer 
and refractive index was determined at room 
temperature (25 °C).

Preparation of Lemon oil nanoemulsion contained 
Vitamin C

Lemon essential oil nanoemulsion contained 
Vitamin C (CLONE) was prepared by the low-
energy method. For preparation of CLONE, 

Lemon essential oil and Vit-C as the oil phase, 
Tween 80 and Tween 85 as surfactant mixture and 
distilled water as the aqueous phase were applied 
for preparation of formulations. 

Briefly, 100 µl of Vitamin C (ATIP) and 100 
µl of Lemon essential oil were mixed together by 
stirrer at 200 RPM at room temperature. Then, 550 
to 1250 µl surfactants were added, and up to 100 
% (v/v) by distilled water to final volume solution 
(5000 µl). Final solution, stirred at 800 RPM for 60 
minutes. 

HLB Optimization 
A general regression analysis was applied for 

obtaining an equation for optimization of HLB by 
Minitab® 21.4.1 (64-bit) software, v. 8 (Mathworks 
Ltd., USA). In this study, 12 experiments (Table 
2) with two independent factors (concentration of 
Tween 80 and Tween 85) were used (Table 1). To 
decrease the complexity of preparation condition, 
concentrations of Lemon essential oil and Vit-C 
along with stirrer time and speed were applied as 
fixed factors. Also, water has no effect on HLB, so 
it was not considered as an influencing parameter. 

The following independent formulation 
parameters were taken into account (see Tables 1 
and 2): 

C1 (Independent Factor): Tween 85 (% v/v)
C2 (Independent Factor): Tween 80 (% v/v)
C3 (Dependent Factor): Particle size (nm)

Construction of Pseudo-ternary phase diagram
To determination of the region of nano- and 

microemulsion size of formulations, as visually, 
12 samples were prepared. Unlike conventional 
pseudo-ternary phase diagram, Tween 80, Tween 85 
as surfactants, and distilled water as aqueous phase 
were used as variable parameters due to indicated 
HLB impact. The pseudo-ternary phase diagram was 
obtained by Statistica™ software, v. 10 (Humborg, 
Germany).

Table 1. Lemon essential oil constitutes was listed. 
 

No. Retention Time [min] Peak Area [%] Components Type KI Adams KI Type of Materials 
1 11.38 3.38 α-Pinene 935 939 MH 
2 13.46 2.83 Sabinene 976 975 MH 
3 13.74 16.46 β-Pinene 982 979 MH 
4 14.28 1.18 Myrcene 993 991 MH 
5 16.30 1.80 o-Cymene 1032 1026 MH 
6 16.57 58.30 Limonene 1037 1029 MH 
7 17.99 10.95 γ-Terpinene 1065 1060 MH 
8 27.15 1.10 Z-Citral 1251 1238 MO 
9 28.58 1.61 Geranial 1281 1267 MO 

  
   

Table 1. Lemon essential oil constitutes was listed.
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Stability test
The accelerate stability tests including, heating-

cooling three cycles (12 h), and freeze-thaw three 
cycles (12 h), and also, centrifugation at 14000 
RPM for 30 min was carried out.

F1 formulation was evaluated visually for 
turbidity, flocculation, phase separation and 
creaming. Also, F1 formulation store one month at 
incubator at 40°C. 

Particle size 
The dynamic light scattering (HORIBA, SZ-100, 

Japan) technique was applied for the determination 
of hydrodynamic diameter of formulations at 
room temperature. The average particle size (d50) 
was taken as particle size of samples. Also, Zeta 
Potential was determined with this device. 

pH measurement
pH of F1 formulation was determined by a pH 

meter (ZAG CHEMIE Co., Tehran, Iran) at room 
temperature.

Fourier Transform Infrared Spectroscopy 
Lemon essential oil, Vit-C, micelle 

(nanoemulsion without lemon essential oil and 
Vit-C) and CLONE were analysed via Fourier 
Transform-Infrared Spectroscopy (FT-IR) in the 
spectroscopic range of 400-4000 cm−1 (Thermo 
Nicolet Avatar 370, USA) with the potassium 
bromide (KBr) disk method. 

Statistical analysis 
Statistical analyses and general regression 

analysis were done by Minitab® 21.4.1 (64-bit) 
software, v. 8 (Mathworks Ltd., USA). Parameter 
effect of surfactant HLB on the size of formulations 
was analysis by Statistica™, v 10 (Humborg, 
Germany).

RESULTS AND DISCUSSION
Refractive index Lemon Essential oil 

Refractive index of Lemon essential oil was 
1.4720 at 25°C by reflectometer.

Lemon essential oil characterization
Identified compounds in Lemon essential oil 

using GC-MASS analysis are listed in Table  1. 
The results from GC-Mass showed that Limonene 
(58.30%), β-Pinene (16.46%), γ-Terpinene 
(10.95%), α-Pinene (3.38%) and Sabinene (2.83%) 
were the five major ingredients. 

Multiple Regression for HLB Optimization
The size of all formulations was listed in Table 

3. Multiple regression mathematic method was 
applied for the HLB required optimization of 
CLONE formulation. 

In this study, the X variables are the Tween 80 
and Tween 85, and also, the response variable is the 
size. According to our aim, we have determined 
that we want optimization of HLB to obtained 
minimize the size and find a mathematical 
function to forecast size based on HLB by adjusting 
the concentrations of two independent variables 
(Tween 80 and Tween 85 concentrations).

Figure 1 shows that regression model is 
statistically significant (p<0.001) and has an 
R-squared value of 96.13%. The comments section 
demonstrated that variables were included in the 
model. In this case, after optimization the model 
includes concentrations of Tween 80 and Tween 85, 
along with one polynomial term Tween 852 and one 
interaction term Tween 80*Tween 85.

The effects report in Figure 2 graphically 
shows all of interaction and main effects that are 
in the regression model. The lines are curved when 
there exists a polynomial term to fit a curve. In 
this model, the Tween 80*Tween 85 interaction is 
significant. This result demonstrate that the effect 
one variable has on size depends on the volume 
of the other variable. If Tween 85 is set at a low 
volume (135 ml), increasing Tween 80 increases the 
size. Also, when Tween 85 is at a high volume (500 
ml), increasing Tween 80 volume reduces the size.

From tables coefficients (Table 2) and analysis 
of variance (Table 3), the terms Tween 80, Tween802 
and Tween 80*Tween 85 have significant (p< 0.05). 
These results indicate that both predictors have a 

Table 2. Coefficients  
 
 

Term Coef SE Coef T-Value P-Value 
Constant -1900 877 -2.17 0.067 
Tween 80 10.46 1.08 9.70 0.000 
Tween 85 -3.79 4.50 -0.84 0.428 

Tween 85*Tween 85 0.04607 0.00713 6.46 0.000 
Tween 80*Tween 85 -0.03822 0.00478 -8.00 0.000 

 
  

Table 2. Coefficients
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Figure 1. Effect of Tween 80 and Tween 85 on the particle size. 

  

Fig. 1. Effect of Tween 80 and Tween 85 on the particle size.

 

 

 
 

Figure 2. Interaction plots (up) and main effects plots (bottom) for particle size was shown. 

   

Fig. 2. Interaction plots (up) and main effects plots (bottom) for particle size was shown.
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statistically significant effect on size. But, in case 
of Tween 85, p-value is greater than 0.05, which 
indicates there is not enough evidence to conclude 
that the term Tween 85 is related to the response. R2 
and R2 (adj) values are 96.13% and 93.92% (Table 
4), respectively, that indicate the model provides 
(regression equation) an adequate fit to the data 
(Table 5).

The Pareto chart (Figure 3) shows that the 
effects in terms Tween 80, Tween 80* Tween 85 
and Tween 802 are statistically significant (p<0.05). 
Tween 80 has the largest effect due to it extends the 
farthest. The effect of Tween 85 is the smallest due 
to extends the least.

Normal probability plot (Figure 4) shows 
the points generally follow a straight line that we 
can accept the assumption that the residuals are 
normally distributed.

The residuals versus fits (Figure 5) 
demonstrate the points fall randomly on both sides 

of 0, with no recognizable patterns in the points 
and we can accept that residuals are randomly 
distributed and have constant variance. The 
residuals versus order plot illustrations no trends 
or patterns in time order. Thus, the residuals are 
independent from one another.

Regression Equation
Particle Size (nm)= -1900 +  10.46  Tween  80 

-  3.79  Tween  85 +  0.04607  Tween  85*Tween  85 
- 0.03822 Tween 80*Tween 85

As Figure 6 shown, the best zone for achieving 
particle size at the nano-range is where volume of 
Tween 80 was twofold of Tween 85 (e.g., Tween 80: 
400 ml compare to Tween 85: 200ml). So, estimated 
HLB for mix Lemon essential oil with Vit-C is 
around 13.5 to 14.

Pseudo-ternary phase diagram study
Ternary phase diagram (Figure 7) consists of 

 
Table 3. Analysis of Variance 

 
Source DF Adj SS Adj MS F-Value P-Value 
Regression 4 11397144 2849286 43.47 0.000 
  Tween 80 1 6170169 6170169 94.13 0.000 
  Tween 85 1 46482 46482 0.71 0.428 
  Tween 85*Tween 85 1 2732599 2732599 41.69 0.000 
  Tween 80*Tween 85 1 4194506 4194506 63.99 0.000 
Error 7 458828 65547   
Total 11 11855973    

 
  
 

Table 4. Model Summary. 
 
 

S R-sq R-sq(adj) 
256.021 96.13% 93.92% 

 
   

Table 5. Fits and Diagnostics for All Observations. 
 

Obs Tween 80 (μl) Tween 85 (μl) Size (nm) Fit Resid Std Resid 
F1 350 200 18 168 -150 -0.67 
F2 300 250 320 301 19 0.08 
F3 415 135 626 625 1 0.00 
F4 275 275 386 526 -140 -0.65 
F5 250 250 698 256 442 1.95 
F6 800 450 20 326 -306 -1.48 
F7 640 360 627 590 37 0.16 
F8 510 290 386 554 -168 -0.72 
F9 450 260 320 461 -141 -0.59 

F10 900 350 13 -214 227 1.73 
F11 750 500 1390 1229 161 1.33 
F12 1100 150 3780 3763 17 0.41 

 

Table 3. Analysis of Variance

Table 4. Model Summary.

Table 5. Fits and Diagnostics for All Observations.
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Tween 80, Tween 85 and water with 100% of each 
component. The blue sphere is stable nano- and 
microemulsion (Figure 7). According to the ternary 
phase diagram, it was showed that an appropriate 
ratio of Tween 80 and Tween 85 concentrations is 
essential for the formation of stable emulsions due 
to improve the hydrophilicity of the oil in water 
phase, and also, reducing the particle size. This data 
approved by previous studies [26, 27]. 

Droplet size
Average particle size (d50) of formulations was 

determined by DLS (Table 1).  Formulation F1, F6 
and F10 demonstrated nano- range particle size. 
F1 was selected as optimized formulation for the 
next tests. Also, zeta potential of F1 was 0.1 mV 
that it is because of usage of nonionic surfactant at 
nanoemulsion formulation.

FT-IR Analysis
To identify the functional groups and present 

the drug in the formulation, the FT-IR method was 
used [28]. Figure 8 illustration the FT-IR spectra 
of Lemon essential oil, Vit-C, free micelle (without 

 

Figure 3. Pareto chart of the standardized effects was shown. A: Tween 80, and B: Tween 85 

concentrations (response is size, α = 0.05). 

  

Fig. 3. Pareto chart of the standardized effects was shown. A: Tween 80, and B: Tween 85 concentrations (response is size, α = 0.05).

 

 

 

Figure 4. Normal probability plots for particle size (nm) were shown. 

  

Fig. 4. Normal probability plots for particle size (nm) were shown.
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Figure 5. Residual versus (A) Tween 80 and (B) Tween 85 response to particle size was shown. 

  

Fig. 5. Residual versus (A) Tween 80 and (B) Tween 85 response to particle size was shown. 

 

 

Figure 6. Effect of different concentrations of Tween 80 and Tween 85 on particle size was demonstrated. 

   

Fig. 6. Effect of different concentrations of Tween 80 and Tween 85 on particle size was demonstrated.
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Figure 7. Pseudo-ternary phase diagram depicting the oil in water nano- and microemulsion region. In this 

graph, particle size against Tween80, Tween 85 and water was demonstrated. 

   

Fig. 7. Pseudo-ternary phase diagram depicting the oil in water nano- and microemulsion region. In this graph, particle size against 
Tween80, Tween 85 and water was demonstrated.

 

Figure 8. FT-IR graph of vitamin C, lemon essential oil, Micelle (carrier without vitamin C and lemon 

essential oil) and Lemon essential oil nanoemulsion contained vitamin C (CLONE). 

 

Fig. 8. FT-IR graph of vitamin C, lemon essential oil, Micelle (carrier without vitamin C and lemon essential oil) and Lemon essential 
oil nanoemulsion contained vitamin C (CLONE).
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Lemon essential oil and Vit-C) and CLONE 
(Lemon essential oil contained Vit-C). 

The FT-IR spectrum of Vit-C (ATIP) is 
demonstrated in Figure 4. The absorption bands 
in the region of 2924.399 cm−1 and 2856.58 cm−1 is 
related to stretching of −CH2 of Vit-C. The bands in 
the region of 1795.94 cm−1 and 1743.55 cm−1 are due 
to C=O stretching of ester and double bond C=O or 
C=C stretching mode in ascorbic acid, respectively. 
The characteristic band of 1460.92 cm−1 is due 
to CH3. The absorptions in the regions 1377.67, 
1337.52, 1201.63, 1128.92, and 1097.74 cm−1 are 
due to C–O–C bond in ascorbyl tetraisopalmitate. 
Also, esterified palmitic acid showed absorption in 
the region 724.04 cm−1  [29].

Lemon essential oil is a mixture system with 
overlapping absorptions of functional groups [30]. 
So, the peaks of pure Lemon essential oil at 796.58 
(limonene and α-pinene), 885.66 (β-pinene), and 
990.63 (γ-terpinene) cm-1 were characterized by 
previous study [31]. Thus, the stretching vibrations 
of terpenoid components of pure Lemon essential 
oil were shown at the bands around 1375.93 and 
1440.05 cm−1 are related to C-H functional group 
[32]. The peaks of 1017.91 and 1152.11 cm−1 is 
related to C-O stretching vibration of tertiary 
alcohols [33]. In addition, band peaks of 885.66 
cm−1 and 796.58 cm−1 are corresponded to C=H 
bending vibration of Alkene) [34, 35]. 

Moreover, at micelle (final formulation 
without Lemon essential oil and Vit-C), a broad 
absorption peaks in the range of 3100–3700  cm‒1 
are corresponded to O-H of Tween 80 and Tween 
85 [36]. Also, strong bands were observed at 
2861.05 cm−1 and 2922.49 cm-1 are attributed to 
the aliphatic –CH2 asymmetric and symmetric 
of the hydrocarbon chain positions in Tween 80 
and Tween 85 at formulation [37]. The absorption 
band at 1735.23 cm‒1 is ascribed to C=O stretching 
vibrations, respectively [36]. The band peaks at 
1457.41 cm−1 and 1646 cm-1 are attributed to the 
framework vibration of O-heterocyclic ring at both 
Tween 80 Tween 85 [38]. The band at 1,353 cm-1 
is corresponded to C–H bending in –CH3 and –
CH2. The band at 1091.62 cm-1 is related to the 
C–O asymmetric stretching vibration in the ester 
bond (O–C=O). The bands at 881.07 cm−1 and 
946.84 cm-1 are attributed to symmetrical extension 
vibration of C–O–C in (CH2CH2O)n and that at 
723.98 cm-1 is due to plane vibration of (–CH2–)n 
(n>4) [38].

The CLONE spectrum was very similar to 

micelle, due to high concentrations of surfactant 
mixture (Tween 80 and Tween 85) to compare 
with low concentrations of Lemon essential oil and 
Vit-C. However, CLONE demonstrated Lemon 
essential oil and Vit-C peaks. Increase intensity 
of peak of CLONE at 2922 cm-1 at compare with 
micelle peak at this region is related to synergic 
effect of absorbance of Lemon essential oil and 
Vit-C peaks. The shoulder peak in the region of 
1798.00 cm−1 of CLONE is related to Vit-C. The 
adsorption peak below 800 cm-1 was weak, similar 
to the Vit-C spectrum. More, the peaks with weaker 
intensity than Vit-C between 1099 cm-1 and 1644 
cm-1 were detected [39]. Changes of the adsorption 
peaks were revealed by comparing the spectra of 
Lemon essential oil, Vit-C and CLONE that may 
be related to the simple interaction of functional 
groups in the CLONE formulation [39].

Stability studies
The accelerate stability tests including, 

heating-cooling cycles, freeze-thaw cycles and 
centrifugation tests demonstrated that F1 had good 
physical stabilities without any visually turbidity, 
flocculation, phase separation and creaming. Also, 
F1 formulation showed one-month stability at 
40°C. 

DISCUSSION
The topical drug delivery systems at compare to 

orally drug delivery, have revealed great preclinical 
results for skin problems [40]. It is expected that 
topical to compare oral drug delivery has lower 
adverse side effect [41]. Also, it needed to the lower 
required drug administered dose when it applies 
topically at compared with orally. So, topically 
administered drug led to reduce side effect of drug 
and eliminating first-pass effect. 

In this study, a novel topical formulation of 
Vit-C and Lemon essential oil at nanoemulsion 
system was developed. The previous studies 
revealed the improved efficacy of nanoemulsion 
in topical delivery systems, compared with the 
bulk form [42]. A possible reason for increasing 
efficacy in topical delivery based on nanoemulsion 
is increased skin permeability [42], because of the 
presence of surfactants and the high surface area 
of the oil droplets [43]. In this study, formulations 
were prepared by low-energy method and their size 
was determined by DLS method. 

HLB of surfactants is important for preparation 
of stable nanoemulsion with nano-range size. 
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In oil in water (o/w) nanoemulsion systems, the 
HLB required is higher than 10. For achieved to 
this value, two surfactants with various HLB were 
applied usually. HLB of Span 80, Span 20, Tween 
85, Tween 80 and Tween 20 is 4.3, 8.6, 11, 15 and 
16.7, respectively. The combination of Span and 
Tween give the milky and cloudy appearance of 
nanoemulsion. According to previous our work, 
Tween 80 and Tween 85 were selected for obtaining 
visually clear nanoemulsion [44]. 

The results from multiple regression analysis 
(size versus volume (ml) of Tween 80 and Tween 
85 showed that Tween 80 has more effect on size 
due to the HLB effect (Figures 5). Also, the amount 
of water does not effect on the size of particles. The 
o/w nanoemulsion or w/o nanoemulsion types are 
depended on the continues phase (the base fluid) 
[21]. At nanoemulsion system, continues phase 
must be larger than dispersed phase. Here at the 
o/w nanoemulsion system, water as continues 
phase, can be not affected on the HLB required of 
mixed Lemon essential oil and Vit-C.

Droplet size of three formulations (F1, F6 and 
F10) was in nano-rang size and F1 (as selected 
formulation) was stable (at least for 30 days) in 
a dark place. The results showed that the particle 
size of CLONE decreased with the increase 
concentration ratio of Tween 80 to Tween 85 (HLB 
adjustment). So, final HLB is important for size 
and stability. In this study, the HLB required of 
formulations was related with the HLB required 
of lemon essential oil and Vit-C. The calculated 
HLB of F1 formulation (with nano size and good 
stability) is 13.54. In previous our study, garlic oil 
nanoemulsion was prepared by low energy method 
[18]. For preparation garlic oil nanoemulsion, 20% 
(v/v) and 5% (v) of Tween 85 and Tween 80 were 
used, respectively. The HLB required of garlic oil 
in this formulation was 11.8 [18]. In our previous 
study, nanoemulsion of Cinnamomum zeylanicum 
essential oil was developed with Tween 80 (HLB 
required was 15) [45].

In other work, we prepared nanoemulsions of 
Mentha piperita essential oil, Zataria multiflora 
essential oil and nanoemulsion from mixing of 
them [46]. Results showed that the HLB required 
of achieving nanometer particles was 16.7. 

The physiological pH of the stratum corneum of 
skin tissue is 4.1 to 5.8 [47]. pH of F1 formulation 
is 4.8 that is near to pH of skin tissue. Formulations 
with a pH around 5 are beneficial for the skin due 
to:

a)	 Maintain or even fortify the skin barrier 
(e.g., stratum corneum), 

b)	 Support the natural skin flora 
c)	 Helps to reduce the applicable 

concentration of preservatives and stabilizes at 
many cosmetic active ingredients. 

So, pH of these formulations is good for topical 
application. 

Tweens are non-ionic surfactants that are widely 
apply as excipients in oral, topical and injectable 
formulations [48]. Utilization of polysorbate 
surfactant (Tween) in pharmaceutical products 
results in favorable encapsulation efficiency [49]. 
In addition, the LD50 (abbreviation for “lethal dose, 
50%”) of Tweens at drug delivery system as orally is 
25 g/kg that showed they are safe and well tolerable 
[50]. Also, at nanoemulsion formulation system, it 
provides lower particle size.

The accelerated stability tests, including, 
heating-cooling and freeze-thaw cycles along with 
centrifugation showed good physical stability 
of F1 formulation without phase separation, 
flocculation, creaming, and turbidity. Also, the 
long-time stability tests demonstrated that F1 
formulation was stable for one month at 25ºC in 
a dark place. More, F1 formulation was stable for 
one month in an incubator at 40°C. Our previous 
study is consistent with the results of the present 
study [17, 18].

CONCLUSION 
In nanoemulsion drug delivery systems, the 

HLB required is important for achieving nano-
range particle size with good stability. In the present 
study, nano-range formulations include F1, F6 and 
F10 were prepared by low energy method. The 
results showed that the HLB required of Lemon oil 
nanoemulsion and Vit-C mixture (determined by 
the multiple regression method) is 13.54. Among 
prepared formulations, F1 (as called NOVO 
EMULEC) was selected for future in vitro and in 
vivo studies.
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