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Introduction

Skin physiology gets promptly affected by ultraviolet (UV) radiations. 
Mainly, wavelengths in the UVB (290-320 nm) region of the solar 
spectrum are absorbed into the skin, which are able to cause erythema, 
burns, and also skin cancer.[1] Regular exposure of skin in this UVB 
region results in activation of apoptotic sites by keratinocytes leading 
to death of keratinocytes. These cells are basically known as “sunburn 
cells.”[2] The herbal approaches in medication have shown their 
potential to treat different skin diseases, to adorn and improve the 
skin appearance causing minimal side effects contrary to synthetic 
preparations. It can be due to the capability of vanishing free radicals 
present in the body.[3] Natural products such as Aloe vera and coconut 
oil have the potential to act as sunscreen resource due to their 
absorption in the UV region.[4] Peppermint oil also possesses the 
capability to act as sun protecting agent.[5] This is the basis of taking 
peppermint oil as a key ingredient for formulation of nanosponges. 
Nanosponges are porous polymeric delivery systems having small 

spherical particles with large porous surface.[6] These are trending 
novel class of encapsulating nanoparticles having a sponge-like with 
an average diameter below 1 μm, which enables them to encapsulate 
or complex a wide range of active ingredients within their cavities 
and releasing them in a controlled manner onto the skin over a time 
and also in response to other stimuli including rubbing, moisture, 
pH, friction, or ambient skin temperature.[7,8] The aim of the present 
investigation is to prepare nanosponges of peppermint oil and to 
calculate its sun protection efficiency.

Materials and Methods

Materials

Peppermint oil, Eudragit RS. 100, polyvinyl alcohol, and 
dichloromethane were purchased from CDH Pvt. Ltd., New Delhi. 
All solvents used were of analytical grade.

Methods

Preparation of peppermint oil nanosponges
For preparation of nanosponges, two solutions or phases were 
prepared. Organic phase was prepared by dissolving peppermint 
oil and Eudragit RS. 100 in dichloromethane (Solution A). Another 
phase or aqueous phase was prepared by adding polyvinyl alcohol 
in distilled water (Solution B). Solution A was drop-wise added to 
Solution B. The mixture was continuously stirred at 1,000-2,000 rpm 
for 3 h at room temperature. The solution was then filtered, washed 
with distilled water, and dried at room temperature.[9,7] 23 Factorial 
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design was used to optimize the formulation for peppermint oil loaded 
nanosponges, described in Tables 1 and 2.

Characterization of Peppermint Oil 
Nanosponges
Shape and surface morphology of nanosponges

Scanning electron microscopic (SEM) analysis was done for analyzing 
particle shape and morphology. The shape and surface morphology of 
the silver nanoparticles was visualized by SEM (Cart Zeiss EV018). 
The samples were prepared by lightly sprinkling nanoparticles on 
double-sided adhesive tape on an aluminum stub. The stubs were 
then coated with gold to a thickness of 200-500 Å under an argon 
atmosphere using a gold sputter module in a high vacuum evaporator. 
The samples were then randomly scanned, and photomicrographs 
were taken at different magnifications with SEM.[10]

Production Yield

Production yield was calculated from the weight of dried 
microsponges, so obtained and initial theoretical mass of starting 
materials using the following formula:

% production yield =  Weight of dried microsponges/theoretical mass 
of starting materials ×100

For accuracy of results, determinations were done in triplicate.[11,12]

Sun Protection Factor (SPF)

SPF was calculated by calculating the absorption obtained in the range 
of 290-320 nm (every 5 nm), and three determinations were made 
at each point.[13] Then, Mansur equation was used to determine the 
SPF values of the formulations.[14,15] Mansur equation is as follows:

( )= × λ × λ × λ∑320

290
PF spectrophotometric CF EE( ) I( ) Abs( )

Where,
EE(I) is the erythemal effect spectrum
I(I) is the solar intensity spectrum
Abs is the absorbance of sunscreen product
CF is the correction factor (=10)
The value of EE × I is constant, determined by Mansur et al. (1986) 
and shown in Table 3.

Results and Discussion

Peppermint oil nanosponges were successfully prepared using emulsion 
solvent diffusion technique. Nanosponges were found to spherical in 
shape and porous in surface texture. The particle size of nanosponges 
was found to be in nanorange, i.e., 200 nm indicating best suitability 
for topical delivery and hence can easily permeate through the skin. 
It can be clearly depicted in Figure 1. In vitro sun protection efficiency 

was found to be good, i.e., 5.28713±0.722 as compared to standard 
peppermint oil, i.e., SPF value of 7. SPF calculations of peppermint 
oil loaded microsponges are shown in Table 4. 

Conclusion

Peppermint oil was successfully incorporated in Eudragit nanosponge 
using the emulsion solvent evaporation method. Optimized formulation 
was subjected to surface investigation, using scanning and transmission 
electron microscopy, which revealed the spongy structure with 
minute pores. Formulation showed promising in vitro SPF efficiency 
and has great potential with respect to the practical application of the 
incorporation of peppermint oil in cosmetic formulations.

Table 1: 23 Factorial design for peppermint oil loaded nanosponges

S.N Factors Levels

0 1

A Eudragit RS. 100 (mg) 250 350

B Polyvinyl alcohol (%w/v) 1.0 1.5

C Stirring speed (rpm) 6500 7500

Table 2: Formulation table for peppermint oil loaded nanosponges

Formulation code (A) (B [%]) (C)

F1 0 (250) 0 (1.0) 0 (6500)

F2 0 (250) 1 (1.5) 1 (7500)

F3 1 (350) 0 (1.0) 0 (6500)

F4 1 (350) 1 (1.5) 1 (7500)

F5 1 (350) 0 (1.0) 1 (7500)

F6 0 (250) 1 (1.5) 0 (6500)

F7 1 (350) 1 (1.5) 0 (6500)

F8 0 (250) 0 (1.0) 1 (7500)

Table 3: Data for erythemal effect spectrum at different wavelengths

Wavelength (λ nm) EE×I

290 0.0150

295 0.0817

300 0.2874

305 0.3278

310 0.1864

315 0.0839

320 0.0180

Figure 1: Photomicrograph of peppermint oil loaded nanosponges
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Table 4: SPF value calculation of peppermint oil loaded nanosponges

S. No. Wavelength
(λ)

EE× I 
(Normalized)

SPF

1 290 0.0150 0.159

2 295 0.0817 0.761

3 300 0.2874 1.720

4 305 0.3278 1.720

5 310 0.1864 0.764

6 315 0.0839 0.142

7 320 0.0180 0.021


