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ABSTRACT 
 

Crisaborole is a boron containing phosphodiesterase 4 (PDE4) inhibitor which in this study was 

formulated in nanoemulsion form to treat atopic dermatitis. The study aims to develop and validate 

a selective analytical method for determining crisaborole in nanoemulsion formulations, facilitating 

its application in ex vivo transdermal permeation studies for the treatment of atopic dermatitis. 

Crisaborole was eluted using gradient elution method in reverse phase (C18) chromatography. The 

mobile phases were comprised of phosphate buffer (pH3) and acetonitrile, which increasing 

acetonitrile volume from 30 to 95 percent within 15 min with constant flow rate of 0.65 ml/min. 

Column temperature was set at 40 ºC and detection wavelength was at 252 nm. The method produced 

linear responses (R2=0.99) in concentrations ranges from 1.56-100 µg/ml (n=7). The developed 

method was sensitive with limit of detection (LOD) and limit of quantitation (LOQ) values of 1.84 

µg/ml and 5.58 µg/ml; respectively. Crisaborole was stable in various working conditions which 

were within the acceptance value provided by guidelines (±15%). In ex vivo studies, the concentration 

of crisaborole was plotted in cumulative permeated graph and this quantitative method was proven 

to provide a selective and sensitive measurement for detection of crisaborole. 
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1.0 Introduction   

 

Crisaborole (AN2728) is a derivative of 

benzoxaborole which contains boron in its 

cyclic structure and functions as 

phosphodiesterase 4 (PDE4) inhibitor. 

Crisaborole was approved by US Food 

and Drug Administration (USFDA) in 

2016 as a selective PDE4 inhibitor for the 

treatment of mild to moderate atopic 

dermatitis (AD) in adults and children 

aged 2 years old and above (1). Under pre-

clinical studies, crisaborole shows no 

evidence of mutagenic, clastogenic or 

teratogenic, and no effect on rats’ fertility 

(2,3). Mechanism of action of crisaborole 

is due to its tetrahedral structure that 

mimics the phosphate of the substrate 

cyclic adenosine monophosphate (cAMP) 

and allows crisaborole to occupy the 

cAMP binding site at PDE4. Inhibition of 

PDE4 increases cAMP accumulation 

subsequently triggers the activation of 

protein kinase A, resulting inhibition of 

pro-inflammatory and T cell cytokines [4]. 

In the clinical trial, 4.4 percent patients 

treated with crisaborole feels stinging or 

burning sensation at application site, 

however, the percentage was lower 

compared to tacrolimus (20-58%) and 

pimecrolimus (8-26%) (5). Upon entering 

systemic circulation, crisaborole lost its 

therapeutic effect, thus, it is beneficial to 

deliver crisaborole topically and retained 

its activity on skin layers.  

    In previous studies, stress test was 

performed on crisaborole under various 

condition such as acid/base hydrolysis, 

thermal, oxidative and photolysis to study 

its degradation using isocratic reverse 

phase method (6). Crisaborole was 

analyzed using several working solutions 

(NaCl 0.9% w/v, TFA-acetonitrile 55:45 

v/v; and TFA-acetonitrile 30:70 v/v) to 

determine its optimal elution and 

accumulation of crisaborole in in vitro 

permeation study using pig skin (7). 

However, detection of crisaborole in 

extended formulations and its 

accumulation profile was never reported, 

thus this study aimed to measure 

crisaborole in nanoemulsion formulations 

and study its accumulation in ex vivo 

permeation using mice skins.  

     Development of nanoemulsion as drug 

carrier was found to be promising due to 

high permeation of small emulsion droplet 

through skin layers (8) Nanoemulsion 

formulation that exhibit moisturizing effects 

was used to hydrate the stratum corneum layer 

thus increasing its effectiveness (8,9). 

Nanoemulsion was capable to carry selective 

lipophilic drug with low solubility across 

stratum corneum into skin layer within its 

small oil droplets (10). Besides its high 

penetration ability, nanoemulsion showed 

high stability which results in high 

absorption rate, increase drug solubility 

and high bioavailability (11). Polymer was 

further used to stabilize and increased 

nanoemulsions’ viscosity thus increased 

its moisturizing effect (12,13). We 

recently formulated nanoemulsion cream 

which contains tocotrienol as its main 

carrier and carboxymethyl cellulose 

(CMC) was added as stabilizer as well as 

increasing its moisturizing effects. With 

optimized formulations, we will investigate the 

permeability of nanoemulsion as drug carrier in 

comparison to control group. Olive oil was 

used in control group due to its 

hypolipidemic activity which improved in 

drug delivery application (14). 

     Therefore, in this research we 

established a quantitation method of 

crisaborole through simple methodology 

using reverse-phase high performance 

liquid chromatography (rp-HPLC) which 

yields simple and sensitive peaks. The 

method was successfully optimized to 

determine crisaborole concentration in 

nanoemulsion formulation and in ex vivo 

transdermal permeation studies. The 

method was validated in accordance to 

Bioanalytical Method Validation: 

Guidance for Industry (U.S Food and 
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Drug Administration (USFDA), Center 

for Drug evaluation and Research (CDER), 

Center for Veterinary Medicine (CVM)) 

based on specificity, linearity, precision, 

and accuracy. 

 

2.0 Materials and Methods 

 

2.1 Chemicals and materials 

 

Crisaborole was purchased from Caymen 

Chemical Company (USA). Acetonitrile, 

anhydrous sodium dihydrogen phosphate 

and ortho-phosphoric acid (85 %) (Merck 

Germany), dimethyl sulfoxide (Fisher 

Scientific, USA), Vitamin E GOLD TRI E 

50 (Sime Darby Research Sdn. Bhd., 

Malaysia), Cremophor RH 40 (PEG-40 

hydrogenated castor oil) (BASF (Germany), 

Tween 80 (Zulat Pharmacy, Malaysia) and 

deionized water was obtained from ELGA 

PURELAB Option water purification 

system (UK).  

 

2.2 Preparation of standard solution 

 

A stock solution was prepared by 

dissolving 10 mg of crisaborole in 10 ml 

of dimethyl sulfoxide which yielded final 

concentration of 1000 µg/ml. Several 

concentrations of crisaborole were 

prepared using serial dilution ranging 

from 100 µg/ml – 1.56 µg/ml (n=7). Three 

concentrations of crisaborole were 

prepared as in-house quality control, 

which were low (1.56 µg/ml), medium 

(12.5 µg/ml) and high (100 µg/ml). 

 

2.3 Preparation of mobile phase 

 

Phosphate buffer (0.1 M, pH=3) was 

prepared by dissolving 12 g of anhydrous 

sodium dihydrogen phosphate in 250 ml 

of deionized water. The pH of phosphate 

solutions was adjusted using a diluted 

phosphoric acid (0.1 M) until pH 3. 

Finally, the final volume was brought to 

1L using deionized water. Phosphate 

buffer and acetonitrile will be filtered and 

degassed prior to HPLC analysis. 

 

2.4 Chromatographic condition  

 

HPLC analysis was performed using 

Waters AQUITY HPLC system coupled 

with photo diode array detector.  Optimum 

separation was achieved using Pheno-

menex® C18 Gemini column (150 x 4.6 

mm) and mobile phase consist of 

acetonitrile and phosphate buffer. Gra-

dient elution was applied by increasing 

concentrations of acetonitrile from 30% to 

95% within 15 min with constant flowrate 

of 0.65 ml/min. Detection wavelength of 

crisaborole was set at 252 nm and the 

column temperature was maintained at 

40C. 

 

2.5 Linearity, limit of detection (LOD) and 

limit of quantification (LOQ) 

 

Crisaborole standards (n=7) was injected 

into the HPLC system and the calibration 

curve were plotted by peak areas vs the 

concentration of crisaborole. The 

regression parameter (slope, intercept (c) 

and correlation coefficient, R2) was 

calculated using linear regression analysis 

in Microsoft Excel (2019). The LOD and 

LOQ were calculated as 3.3 times the 

residual standard deviation of the 

regression line divided by the slope of the 

calibration curve, whereas the LOQ was 

calculated as 10 time the residual standard 

deviation divided by the slope (15). 

 

2.6 Precision and accuracy 

 

Accuracy was determined by recovery of 

crisaborole standard at three different 

concentration levels (low, medium, high). 

Samples were prepared in triplicates and 

analyzed for 5 times. The precision was 

measured by comparing triplicate sample 

(low, medium, high) in 6 consecutive days. 

All data was expressed as percent of relative 
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standard deviation (%RSD). The acceptance 

values for accuracy and precision were ±15% 

of nominal concentrations.     

 

2.7 Stability  

 

Stability of crisaborole was measured by 

preparing three replicates (n=3) of 

crisaborole samples at three different 

concentrations which were low (1.56 

µg/ml), medium (12.5 µg/ml) and high 

(100 µg/ml). The stability of the samples 

was assessed by percentage recovery 

based on criterions recommended by 

Bioanalytical Method Validation: Guidance 

for Industry. The proposed criteria were (a) 

auto sampler condition, 24°C, 12hrs, (b) 

Benchtop, 24C, 6hrs, (c) Freeze-thaw, -20 C, 

3 cycles, (d) Frozen, -20 C, 30 days. The 

acceptance value for stability was ±15% of 

nominal concentrations. 

 

2.8 Preparation of nanoemulsion 

 

Oil in water (O/W) nanoemulsion carrier 

system was developed using emulsification of 

two immiscible phases such as oil and water. 

Oil phase contained vitamin E (5% w/w) 

as main component, PEG 40 (1.25% w/w) 

as main surfactant and Tween 80 (0.625% 

w/w) as co-surfactant. Crisaborole (2% 

w/w) which was lipophilic drugs was 

added to oil phase and stirred until 

dissolve at 700 rpm using magnetic stirrer. 

Hydrophilic phase contains water (93.125% 

w/w) for emulsification medium. Both phases 

were heated to 50ºC and stirred at 700 rpm 

for 30 min. Emulsification was triggered 

when water phase was added to oil phase 

and continue to heat to 50ºC and stirred at 

700 rpm for 30 min. The control group 

were prepared by dissolving 2% w/w of 

crisaborole in olive oil at 50°C at 700 rpm 

for 30 min using magnetic stirrer. Both 

nanoemulsion and control group were 

dispersed in 2.5% w/w CMC for 30 min at 

500rpm using IKA Eurostar 20 (USA) 

mixer. 

2.9 Ex vivo analysis on transdermal 

permeation of nanoemulsion using Franz 

diffusion cell 

 

Male ICR strain mice (8 weeks old, 28 g) 

were used as animal model in permeation 

study using Franz diffusion cells 

(PermeGear, USA). Full thickness of 

incised dorsal skins collected were freeze 

for storage and thawed upon experiment. 

The skin was placed on the donor 

compartment (0.79 cm2) and 1.3 mg of 

both control (2% in olive oil) and 

nanoemulsion (2%) cream were applied. 

Receptor chambers were filled with 7.5 ml 

phosphate buffer solution (pH7) at 37°C 

and stirred at 500 rpm.  Samples were collected 

via the sampling port into the receptor chamber 

and sampling were conducted for 8 hours. 

Sample were collected (100 µl) at 

predetermined time (30, 60, 120, 180, 240, 

300, 360, 420 and 480 min) and the 

samples volume taken were replaced with 

same amount of phosphate buffer solution. 

Samples were repeated in triplicate. This 

study was approved by The Committee on 

Animal Research and Ethics (UiTM 

CARE) with ethic approval number: 

UiTM CARE: 259/2019 (15/02/2019).  

 

2.9.1 Determination of crisaborole 

 

Optimization of HPLC method 

Crisaborole nanoemulsion was prepared 

by spiking of 100 µg/ml of crisaborole 

solution into nanoemulsion formulation 

(1ml). The mixture was stirred for 1 min 

until homogenised mixture was achieved. 

1ml of DMSO was added to the mixture 

and stirred for 1 min. Then the mixture 

was centrifuged at 2500 rpm for 5 min. 

The supernatant containing crisaborole 

was collected and analysed using HPLC.  

 

Ex vivo transdermal permeation study 

100 µl of samples were collected from the 

receptor chamber within Franz Diffusion 

cell at pre-determined time. Then, the 
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same amount (100 µl) taken was replaced 

with fresh PBS solutions into the receptor 

chamber. The samples were centrifuged at 

2500 rpm for 5 min and the supernatant were 

introduced to HPLC for determination of 

crisaborole. 

 

3.0 Results and Discussion  

 

     In Figure 1, under optimised HPLC 

conditions, crisaborole was observed to 

produce sharp and narrow peak at 9 min. 

As reported previously, reducing the pH of 

mobile phase with acid (phosphoric acid) 

was observe to reduce peak tailing in 

HPLC analysis (16). There is no other 

peak observed in the chromatogram 

indicating no interference of internal 

standard and reliability of the method (17).   

     In Figure 2, calibration curves of crisaborole 

standard showed a linear line over the range of 

1.56 – 100 µg/ml. The data was consistent 

throughout the experiment which provides 

regression line (R2) of 0.999 and y-

interception was 2239.2. This method 

produces sensitive measurement of 

crisaborole with LOD and LOQ values of 

1.84 µg/ml and 5.58 µg/ml; respectively.  

     Precision, the degree of repeatability of 

an analytical method normally expressed 

as the relative standard deviation (RSD) 

for spiked samples. There are two types of 

precision measurement namely intra-day 

and inter-day precision. Thus, three 

standard solutions (low, mid and high) of 

crisaborole ranges from 1.56 to 100 µg/ml 

were prepared in triplicate for an intra-day 

and inter-day analysis. Intra-day analysis 

was performed by injecting each of the three 

different concentrations of crisaborole three 

times on the same day (18). As a result, the 

percentage recoveries of crisaborole were 

98.78% to 99.87% for all concentrations, 

with %RSD values were within acceptance 

value of ±15% (Table 1).  

     In inter-day analysis, samples were 

prepared in triplicate and analysed for 6 

consecutive days. The recovery values 

vary from 92.49% to 105.91% for all 

concentrations of crisaborole and the %RSD 

values for inter-day analysis were within 

acceptance value provided in the guidelines 

(±15%). Both intra-day and inter-day 

recoveries demonstrate that the analytical 

method is sufficiently repeatable both 

intra-day and inter-day (Table 1). 
 

 
Figure 1: HPLC chromatogram of crisaborole under optimised condition with 

concentrations from 1.56 µg/ml to 100 µg/ml (n=7); Phenomenex C18 Gemini column (150 

x 4.6 mm); gradient elution, acetonitrile from 30% to 95% within 15 min with constant 

flowrate of 0.65ml/min; elution time for crisaborole was at 9 min. 
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Figure 2: Calibration curve of crisaborole with concentrations of 1.56 µg/ml to 100 µg/ml 

n=7; linear equation was y=66999x-2239.2 with R2 of 0.9999. 

 
Table 1: Intra-day and inter-day of crisaborole standard. Data was expressed in mean±SD and 

%RSD 

Conc. 

(µg/ml) 

Intra-day Inter-day 

Recovery Conc. %RSD Recovery Conc. %RSD 

1.56 99.87 1.56±0.07 4.78 105.91 1.65±0.08 5.03 

12.5 99.64 12.45±0.20 1.63 98.21 12.28±0.43 3.50 

100 98.78 98.78±0.43 0.43 92.49 92.49±4.87 5.26 

 

     Crisaborole samples were prepared and 

tested under various conditions to 

investigate its stability in normal working 

conditions. Benchtop and auto sampler 

condition reflects short storage time and 

normal working condition for sample 

preparation and HPLC analysis.  Freeze-

thaw cycle was performed to study the 

degradation of crisaborole in the presence 

of temperature changes from -20ºC to 

room temperature (24 ºC). Finally, frozen 

samples for 30 days indicates that, longer 

storage time and thermal stress will affects 

crisaborole degradation (6,19).  In these 

simulated conditions shown in Table 2, 

shelf life and working conditions of 

crisaborole solutions can be determined 

and degradation can be avoided. Besides 

that, the optimal condition was established 

by Derringer desirability function to meet 

best resolution with an acceptable 

analytical time (20). In this study, all %RSD 

were within acceptance value provided by the 

guidelines (±15%) indicating that crisaborole is 

highly stable in these working conditions. 

 

Table 2 Stability assay of crisaborole at concentrations of 1.56 to 100 µg/ml, (n=3). Data was 

expressed in mean±%RSD 

Conditions Mean±%RSD (n=3) 

High Med Low 

Autosampler, 24°C, 12hrs 98.21±0.21 12.75±1.84 1.60±10.96 

Benchtop, 24°C, 6hrs 93.83±0.24 12.41±1.51 1.54±1.18 

Freeze-thaw, -20°C, 3 cycles 98.41±0.22 12.52±2.22 1.57±1.89 

Frozen, -20°C, 30days 90.43±1.02 12.19±1.32 1.54±4.26 
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     Nanoemulsion was a promising drug 

carrier system for insoluble drug such as 

crisaborole due to its small size and high 

drug-loading capacity (21). Dispersion of 

hydrophobic drugs in the aqueous media 

improves skin permeability with good skin 

tolerability (22).  Figure 3 showed blank 

nanoemulsion (vitamin E, PEG 40 and 

Tween 80) with no visible peak observed 

at 9 min indicating selectivity of this 

chromatographic method (23). In Figure 4, 

nanoemulsion spiked with 100 µg/ml of 

crisaborole was observed at 9 min with no 

interference on the peak. Therefore, this 

optimised chromatographic method is 

suitable for measuring crisaborole in 

nanoemulsion formulations. 

 

 
Figure 3: Chromatogram of blank nanoemulsion which contains vitamin E, PEG 40 and 

Tween 80. 

 
Figure 4: Chromatogram of 100 µg/ml crisaborole in nanoemulsion suspension. 
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     Crisaborole nanoemulsion was 

subjected to ex vivo analysis using Franz 

diffusion cell for determination of 

transdermal permeation of crisaborole via 

nanoemulsion transport. Mice skin (ICR 

strain) was used as medium for 

permeation and receptor chamber was 

filled with phosphate buffer (pH7). Franz 

diffusion cell was widely used to measure the 

transdermal permeation and enhancement of 

nanoemulsion formulation through various 

tissues (19,24). DMSO was used as organic 

solvent to dissolve crisaborole and was 

found to be miscible in aqueous solution 

such as PBS (pH7) (25), thus suitable for 

quantitative analysis using HPLC.  

     In Figure 5, 2% crisaborole nanoemulsion 

and control (2% crisaborole in olive oil) 

were tested on mice skin to determine the 

permeation of crisaborole and sample 

were collected up to 480 min. The 

cumulative permeation of crisaborole 

profiles were plotted and both results were 

compared. The cumulative permeation of 

crisaborole in nanoemulsion group (53.50 

µg/cm2) was significantly higher as 

compared to control (5.58 µg/cm2, where 

p=0.05). In this permeation study, 

determination of crisaborole was tested to 

achieved stable and reliable data, thus will 

be applied throughout the study.  

 

 
Figure 5: Transdermal profiles of crisaborole nanoemulsion (2%) as compared to control 

(2% crisaborole in olive oil) (n=3-5). 

 

4.0 Conclusion 

 

In this study, we successfully developed 

and validated a simple and reliable HPLC 

method for determination of crisaborole. 

The method was repeatable and selective 

where crisaborole peak eluted at 9 min 

without any interference from nanoemulsion 

constituents such as vitamin E, PEG 40 and 

Tween 80. We also determine the stability 

crisaborole in various working conditions  

 

without chemical degradation and within 

permitted values provided in guidelines. 

Furthermore, in ex vivo permeation study, 

the HPLC method developed was capable to 

quantify crisaborole in both nanoemulsion and 

control group and the cumulative 

crisaborole permeated profiles was 

successfully plotted. Moving forward, we 

will conduct in vivo studies on the skin to 

further validate the controlled release 

properties of the nanoemulsion.  
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