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ABSTRACT 
INTRODUCTION: DEET is a broad-spectrum insect repellent that can easily permeate 
through the skin and can cause undesirable effects, especially in children and pregnant 
women. The objective of this research was to formulate and evaluate DEET encapsulated 
microparticles containing a hydrogel for reduced skin permeation and to have a prolonged 
drug release. 
 
METHODS: The formulation was designed based on the independent formulation variables 
of the concentration of chitosan and TPP using simple factorial design of experiments. DEET 
loaded microparticles were developed and incorporated into a hydrogel. The particle size of 
the microparticles was analysed using Zeta sizer Nano®, and the surface morphology by 
using FESEM. Drug release from the microparticles was determined by dialysis bag method. 
The rheological evaluation of the formulated gel was performed using a Thermo Haake 
Rheometer. The in vitro permeation of the formulation was performed using synthetic Strat-
M® membrane. 
RESULTS: The particle size of the microparticles ranged between 0.45 to 0.83 µm, and the 
encapsulation efficiencies were >50% for all the formulations. The drug release curves 
showed no initial burst release from the microparticle formulation. Instead, a slow and 
controlled drug release was observed over 24 hours that followed Higuchi kinetics. The 
cumulative amount of DEET permeated (over 24 h) from the DEET solution (control) and the 
formulation was 211.6 ± 19.5 µg/cm2 and 4.07 ± 0.08 µg/cm2, respectively. 
DISCUSSION AND CONCLUSION: A significantly low DEET permeation from the 
microparticle formulations indicating a minimal absorption of drug into the body, thereby a 

un
co

rre
cte

d p
roo

f



2 
 

reduced systemic toxicity. The thixotropic evaluation of the hydrogel formulation 
demonstrated a hysteresis loop that fitted closely to the Herschel-Bulkley rheological model, 
ensuring an effortless application and prolonged retention on the skin. Hence, it can be 
concluded that the developed formulation is an effective delivery approach for controlled 
insect repellent activity with reduced skin absorption. 
Keywords: Transdermal, DEET, microparticles, Permeation, hydrogel. 
 
 
Introduction  
 
DEET is a well-known broad-spectrum insect repellent and has shown to be effective against 
different types of mosquitos, bugs and mites.1 Because of its unique odour, the insect 
repellent activity can be produced from a certain distance not too far the applied surface. 
Therefore, it is ideal for DEET to remain on the skin surface rather than getting absorbed into 
the skin. However, DEET can easily permeate through the skin and can reach the systemic 
circulation because of its low molecular weight (MW191.27 Da) and a favourable log P 
(octanol/water coefficient) of 2.1.  Compounds having MW < 500 Da and log P between 1 to 
3 can easily permeate through the skin and are considered ideal candidates for transdermal 
delivery.2 Although DEET is considered to be a safe compound, its entry into the systemic 
circulation is unnecessary. Moreover, the insect repellent efficacy of most commercial DEET 
preparations provide only 1-4-hour protection probably due to rapid absorption by the skin. 
Polymeric microparticles can release the encapsulated active drug slowly on application onto 
the skin and therefore can achieve an extended duration of action. Furthermore, 
microparticles may impede rapid skin permeation due to their relatively large particle size, 
thereby reduces any unwanted effects.3 Attempts are ongoing to tackle the skin absorption of 
DEET by adopting various formulation strategies such as liposomes and microcapsules.4 In 
the present research work, we are proposing a controlled release microparticle formulation of 
DEET using a biocompatible polymer chitosan. Chitosan microparticles hold many 
advantages such as biocompatibility, enhanced stability and simple production process 
without using organic solvents or high temperature.5,6 The formulated DEET microparticles 
were then incorporated into a hydrogel base and its rheological evaluations were carried out. 
Rheological studies are of paramount importance in topical formulations but often times they 
are limited to viscosity determination. Ideally, a gel formulation on application to the skin 
should easily transform to a sol consistency then regain to the original gel form (thixotropy). 
This property offers an easy spreading of the formulation on skin surface which will then 
remain there for a sufficient duration to exert its therapeutic effect. Studies report that 
particles possessing > 300 nm size pose difficulty in penetrating through the stratum corneum 
layer of the skin.7 Studies have shown that chitosan-based nanoparticles or microparticles can 
provide a controlled release of its encapsulated contents by slow erosion of polymers.8 

Therefore, to achieve a controlled release of DEET with less skin permeation, DEET 
encapsulated chitosan microparticles were synthesized and evaluated in vitro. Factorial 
design was employed to obtain an appropriate mathematical model for optimizing the 
formulation.  
 
Materials and Methods 
 
Materials 
DEET, chitosan (low molecular weight) and sodium tripolyphosphate (TPP) were purchased 
from Sigma-Aldrich, USA. Strat-M® was purchased from Merck Millipore, Germany. Acetic 
acid and triethanolamine were purchased from Chemiz (M) Sdn. Bhd., Malaysia. Methanol 
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(HPLC grade) was purchased from Fisher Scientific, UK. All the other chemicals used were 
of analytical grade. 
  
Methodology 
Formulation of DEET microparticles by Ionic gelation technique 
Formulation of DEET containing Microparticles  
DEET loaded chitosan microparticles were prepared by using ionic gelation method.9 
Chitosan (0.4% w/v) solution was prepared in dilute acetic acid (2%v/v) and stirred at 500-
1000 rpm using a magnetic stirrer until the chitosan was completely dissolved. The pH of 
chitosan solution was adjusted to 5.0 and 1mg of DEET was added to the solution followed 
by dropwise addition of the cross-linker TPP (0.1% w/v) with continuous stirring at 700rpm. 
The micro-particulate suspension was centrifuged at 6000 rpm for 30 minutes to pelletize the 
microparticles.  
Optimization by factorial design using Design-Expert software 
The complexity in the pharmaceutical formulation can be understood by using established 
tools such as factorial design.9 The study was based on the independent formulation variables 
selected using simple 22 factorial designs of experiments (DOE). Experimental runs were 
designed by Design-Expert software version 11 (Stat-Ease. Inc). Two-level factorial design 
and three variable [factors] were applied with a minimum of 5 runs. Chitosan and TPP 
concentration was screened as a variable (independent), and particle size, encapsulation 
efficiency and drug release of the developed formulation were kept as the dependant factor. 
The design was 2 x 2 factorial design and statistical design of the responses were applied to 
the optimised formulations.  
HPLC method development and validation for the analysis of DEET 
A simple and economical reverse phase HPLC (RP-HPLC) method was employed for the 
accurate quantification of DEET present in the microparticles. The HPLC system (Perkin 
Elmer, USA) was equipped with an auto-injector, a quaternary pump and a Diode Array 
detector. A reverse phase column (Hypersil Gold C18, 5μm, 250 mm length ×4.6 mm 
diameter) maintained at 25°C was employed for the analysis. The mobile phase composition 
was methanol-water (70:30) at a flow-rate 1.2mL/min and the detection wavelength was set 
at 210 nm. The retention time of DEET was found to be 6.1 minutes. 
 
Fourier-Transform Infrared Spectroscopy (FTIR) Analysis 
The drug-excipient compatibility studies were done using Attenuated Total Reflectance-
Fourier Transform Infrared Spectroscopy (ATR-FTIR, Thermo Fisher Scientific, USA) in the 
range between 400-4000 cm-1.10 FTIR plays an important role in preformulation phase of the 
development of new drug products and can determine any possible interaction between active 
drug and additives used. The FTIR spectra of DEET, TPP, chitosan, and the DEET 
microparticles loaded hydrogel were recorded using ATR-FTIR spectrophotometer equipped 
with OMNIC software version 9.2.  
Particle size and surface morphology analyses 
The particle size analysis was performed using Zeta sizer Nano® (Malvern Instruments, 
Malvern, UK). after suitably diluting the suspension using deionised water.11 Surface 
morphology of the microparticles was analysed by using a Field Emission Scanning Electron 
Microscope (FESEM, Quanta 400F, FEI, USA) at a voltage of 5 kV. Microparticle 
suspension was placed on a double-sided carbon tape which was stuck to the imaging stub 
and allowed to dry overnight at room temperature.  
Encapsulation Efficiency (EE) 
The EE of the formulation was determined using the centrifugation technique. The drug-
loaded microparticle suspension was centrifuged at 6000 rpm for 30 minutes and the 
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supernatant was collected separately and filtered using a nylon syringe filter (0.45µm). The 
drug content in the supernatant was then analysed by using HPLC and this was regarded as 
the unencapsulated drug. The encapsulation efficiency was calculated as follows: 12   

% EE= 
Total amount of drug added to the formulation-Unencapsulated drug

Total amount of drug added to the formulation  × 100 

  
In vitro Drug release studies of the DEET microparticles 
Drug release from microparticles was determined by dialysis bag method.13 The formulation 
was re-dispersed in phosphate buffered saline (PBS) pH 5.0 and placed in a dialysis bag 
(MWCO14000 Da). Both ends of the bag was tied and placed into a bottle containing PBS 
maintained at 37 �C and stirred at 100 rpm. At predetermined time intervals, the release 
medium was removed and replaced with an equal volume of fresh buffer. The amount of drug 
present in the release medium was quantified using HPLC. The drug release mechanism was 
assessed by applying the obtained data into various kinetic models such as zero order, first 
order, Higuchi, Korsmeyer–Peppas and the Hixson-Crowell Model.14 

Formulation and the Rheological evaluation of microparticles loaded hydrogel 
A hydrogel was prepared by dissolving Carbopol 940 (1%w/v)  in purified water and allowed 
to swell for 24 hours, triethanolamine was then added to the hydrogel to adjust the pH to 5.0 
and to obtain the desired consistency.15 DEET microparticles were incorporated into the gel 
by mixing homogeneously using a magnetic stirrer. The rheological evaluations such as 
viscosity and the thixotropy were measured using Thermo Haake Rheometer (Thermo Fisher 
Scientific, USA) and was compared with a marketed DEET cream formulation.16,17 The data 
were substituted to different rheological models such as  Bingham, Casson and Herschel-
Bulkey model.18 
 
In vitro permeation of the DEET across synthetic Strat-M® membrane  
In vitro permeation of the formulation was performed using synthetic Strat-M® membrane.19 

Static Franz diffusion cells having donor and receptor capacities of approximately 1 mL and 
2 mL were used for the permeation experiments. The Strat-M® membrane was fixed in 
between the donor and the receptor compartment. The formulation was loaded into the donor 
compartment and the receptor compartment was filled with PBS pH 7.4 and stirred using a 
magnetic stirring rod. The samples were withdrawn from the receptor compartments at 
predetermined time points up to 24 hours and an equal volume of fresh receptor medium was 
replaced immediately.20 Permeation profile curves were generated by plotting the cumulative 
amount permeated (µg/cm2) against time. The steady state flux (J) which represents the 
amount of drug permeated per unit area can be determined from the linear plot. 21 
Statistical analysis: 
Statistical analyses were performed using Graphpad Prism 7 software. The statistical 
significance between two groups was done using Student’s t-test and more than two the sets 
of data were tested by one-way analysis of variance (ANOVA) followed by post-hoc Tukey-
HSD (Honestly Significant Difference), p<0.05 was considered statistically significant. 
 
Results and discussions 
 
Optimization of micro-particles by using design expert software 
The experimental design was done using Design Expert software for optimizing 
formulations.22 The present study considered three responses i.e.; particle size, entrapment 
efficiency and drug release, to study the significance of the concentration of chitosan and 
TPP used for the development of DEET microparticles. The design is a two factorial design 
and statistical design of the responses was applied to the optimized formulations. Statistical 
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design shows significance when the p value is less than 0.05. The two factorial design shows 
that the optimized formulations are having the two concentrations i.e.; low and high 
concentrations. Statistical analysis of three responses was observed. It shows two 
coefficients, positive and negative. The positive response indicates the increase in the 
parameter (Particle size, Entrapment Efficiency, Drug release) and the negative sign indicates 
the decrease in the particle size, entrapment efficiency and drug release. Chitosan and TPP 
are considered as two factors and two levels are its concentrations. The statistical analysis 
results suggests that no significant influence of chitosan and TPP concentration on the 
particle size and entrapment efficiency (p>0.05) in the selected concentrations. However, it 
showed significance on drug release of DEET microparticles (p=0.038) (Figure 1). Therefore, 
varying the concentration of chitosan and TPP can modulate the release of DEET from the 
microparticles developed using ionic gelation technique.  
 
Particle size and surface morphology analyses 
 The average particle size of the different ratios of chitosan-TPP microparticles were ranged 
between 0.45 µm and 0.83 µm (Table 1).  However, formulation coded DM-3 (chitosan-TPP; 
4:1) having an average size 0.45 µm was taken as the optimized formulation as considering 
the lowest polydispersity index (PDI), < 0.5. Studies report that particles having size greater 
than 300 nm pose difficulty in permeating through the skin.7 The FESEM image of the 
optimised formulation showed spherical shape with a smooth surface (Figure 2). Besides, the 
microparticles displayed no aggregation and were found sufficiently separated, indicating the 
physical stability.  
Encapsulation Efficiency 
The encapsulation efficiency of the formulations varied in respect to the concentration of 
chitosan and TPP. The encapsulation efficiency of formulations DM-1, DM-2, DM-3, DM-4 
and DM-5 were 57.56 ± 0.41, 55.79 ± 0.53, 50.07 ± 2.09, 56.64 ± 1.32, and 57.34 ± 0.34% 
respectively. The highest encapsulation efficiency was observed for formulation DM-1, this 
was probably due to high proportion of chitosan and TPP and believed to occur strong 
electrostatic interactions between them.22 At higher concentrations of chitosan, the more 
available amino groups that decreases the intermolecular distance and lead to increase in 
cross-linking density.6 
FTIR Analysis 
In the spectrum of DEET (Figure 3), the band appeared at 2971.27 cm-1 and 2933.59 cm-1 

correspond to CH3 asymmetric stretch and symmetric stretch respectively.  A band seen at 
1626.39 cm-1 may be due to C=O stretching of the amide bond.23 A peak seen at 1583.77 cm-1 

was due to C-C stretching of aromatic ring. The presence of C-C stretching was seen at 
1427.59 cm-1.24. In the spectrum of chitosan, the peak at 3354.85 cm-1 was due to the –NH 
stretching vibration. A band at 2875.90 cm-1 represents the –CH stretching and a band at 
1645.99 cm-1 indicated C=O (carbonyl) of amide group from –CONH. There was also a band 
due to amine (NH2) group seen at 1588.73 cm-1. TPP has shown two characteristic peaks at 
1209.59 and 1136.47 cm-1 corresponding to phosphate stretching (P=O), symmetric and anti-
symmetric stretching vibration (O-P=O) respectively. The chitosan-TPP microparticles also 
recorded similar peaks and therefore considered no incompatibility between DEET and the 
excipients used.  
 
 
 In vitro drug release 
It is evident from the drug release curves that no initial burst release was observed from the 
microparticle formulation. Instead, a slow and controlled drug release was observed over time 
(Figure 4). This may due to the homogenous encapsulation of DEET in microparticles and 

un
co

rre
cte

d p
roo

f



6 
 

this was supported by the low PDI value below 0.5. On the other hand, the microparticles that 
was poorly encapsulated had drug deposition on the surface and this might cause initial burst 
release of drug from microparticles. Besides, the concentration of TPP also might affect the 
drug release from microparticles. The formulation DM-1 showed lesser drug release (38.03 ± 
1.97%)  than formulation DM-3 (42.30 ± 4.84%) at 24 hour. This was probably due to the 
fact that DM-1 had higher content of TPP compared to DM-3. As the concentration of 
crosslinking agent (TPP) increased, the drug release from chitosan-TPP microparticles was 
found to decrease.8 Furthermore, other studies report that smaller microparticles exhibit larger 
surface area, thus faster swelling and drug release. Chitosan absorbs the release medium, get 
swollen and allowed the medium to penetrate inside the polymer matrix.25 The drug release 
from microparticles may be due to the drug diffusion through the swollen polymer. Higuchi 
model correlation coefficient was found to give best fit with R2 value 0.9586 indicating a 
diffusion mechanism where the drug diffuses constantly from the polymer matrix maintaining 
a perfect sink condition.26,27   
In vitro permeation of the DEET across synthetic Strat-M® membrane   
In vitro permeation experiments were performed using Static Franz diffusion cells with 
synthetic Strat-M® membrane placed in between the donor and receptor compartments. Strat-
M® is widely used for permeation experiments and the results are known to be comparable to 
using the human skin.28 Strat-M® is composed of two layers of polyether sulfone and a 
porous polyolefin layer below. Besides its close similarity to skin, Strat-M® also eliminates 
the special requirements for storage and safety usage related to biological membranes. 
Permeation experiments were conducted for pure DEET solution (control) and the optimised 
formulation. The cumulative amount of DEET permeated over 24 h for the control pure 
DEET solution was 211.6 ± 19.5 µg/cm2 and for the formulation it was found to be 4.07 ± 
0.08 µg/cm2 (Figure 5). It was evident that a significant difference (p < 0.05) in the 
cumulative drug permeation was observed between the control and the formulation. The flux 
values observed for the control DEET solution and the microparticles loaded hydrogel were 
9.61 ± 0.94 µg cm-2 h-1 and 0.12 ± 0.001 µg cm-2 h-1 respectively, the flux of the optimised 
formulation was significantly lower than that of the control (p < 0.05). This clearly shows a 
minimal permeation of drug into the skin, thereby a possible reduction in systemic toxicity 
can be accomplished. 
Rheological Studies of the Formulation 
Thixotropic behaviour of hydrogel demonstrated a hysteresis loop (Figure 6). The intrinsic 
mechanism of thixotropic was based on the three-dimensional structure of molecules capable 
of forming hydrogen bonds. When a shearing stress was applied, these interactions were 
reduced that led to a decrease in viscosity, turning the gel into sol state (ascending curve). 
The gel conformation was then slowly recovered (descending curve) as the shearing stress 
was removed. The restructuring of bonding between molecules was possibly due to Brownian 
motion of molecules, which can be linked to the amount of shear stress applied.18 

Determination of thixotropic property of topical semisolid preparation is important, as it is 
known to be a desirable property for the easy application of product on the skin. The product 
can be effortlessly spread on the skin in a sol form and better retained on skin with its initial 
gel conformation after the removal of shear stress. The best-fit rheological models were 
determined by assessing R2 values, Herschel-Bulkley model was followed for all the samples. 
The rheological parameters corresponding to the Herschel-Bulkey model are recorded in 
Table 2. Yield stress is the minimum stress above which the flow of a material can be 
achieved. It is a good indicator for the characterization of semisolid preparation, affecting 
their spreadability and retention. High value of yield stress demonstrate a reduction in 
spreadability of the preparation but increases the retention capacity and vice-versa.29 The 
yield stress of a control cream was 6.474 Pa and for the formulation it was found to be 26.39 
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Pa, indicating that standard cream was more spreadable compared to the optimised 
formulation. Substantial yield strength was required to break the microgel network of the 
hydrogel, thus contributing to higher yield stress as compared to cream sample.16 Degree of 
shear thinning behaviour of semisolid preparations can be analysed by looking at the flow 
index values, n. The n values of all the samples analysed were found below 1, implied that all 
the samples exhibited a non-Newtonian pseudoplastic behaviour.30 

 
 
CONCLUSION 
 
DEET microparticles loaded hydrogel was successfully formulated and evaluated in vitro. 
The formulation permits the topical delivery of DEET with controlled drug release that 
followed Higuchi kinetic model. The rheological evaluation of the hydrogel demonstrated 
desired properties for topical application such as easy application and a prolonged drug 
retention on the skin maintaining high cosmetic acceptability. In vitro drug permeation 
experiments showed significantly low drug permeation of DEET from the hydrogel compared 
to the control. Hence, it could be concluded that the DEET microparticle loaded hydrogel is 
an effective delivery approach for controlled insect repellent activity. However, further ex 
vivo and in vivo evaluation will be required to support these preliminary findings.  
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Table 1. Average particle size and polydispersity index (PDI) of polymeric DEET 
microparticles 
Formulation code Mass ratio of 

chitosan-TPP 
Average particle 
size (m) 

PDI 
 
 

DM-1 44:4 8258.7±366.3 0.70 

DM-2 1:4 6525.7±182.7  0.73 

DM-3 4:1 446.5±18.6 0.50 

DM-4 1:1 4950±172.5 0.80 

DM-5 2.5:2.5 5385.7±129.1 0.79 

 
 
Table 2. Rheological parameters corresponding to the Herschel-Bulkey model for the 
standard cream, plain gel and the formulation. 
Formulations Yield stress (Pa) Flow index (n) 
Standard cream 6.47±1.37 0.275±0.01 

Hydrogel formulation 26.39±4.9 0.791±0.26 
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Fig 1 

 
Fig 2 
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Fig 3 
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Fig 5 

 
Fig 6 
 
Figure 1. Contour plot (Phase Diagram) of drug release for the developed DEET 
microparticles. 
Figure 2. FESEM image of optimised polymeric DEET microparticles (mass ratio of 
chitosan-TPP 4:1) 
Figure 3. FTIR spectrum of (a) chitosan, (b) TPP, (c) DEET and (d) formulation 
Figure 4. Drug release profile from the DEET microparticles (mass ratio of chitosan-TPP 4:1) 
at pH 7.4. Mean ± SD, (n=3). 
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Figure 5. Cumulative amount of DEET permeated (μg/cm ) against time (hr) for control 
(DEET solution) and the formulation. Mean ±SD, (n=3). 
Figure 6. Rheogram of the hydrogel formulation containing DEET mocroparticles showing 
thixotropic behaviour. 
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