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ABSTRACT

In this work, a sprayable microemulsion of diphenhydramine hydrochloride 
(DPH HCl) was developed for use in conditions that cause itching, such as in-
sect bites, mild sunburns, and skin irritations. Microemulsions were prepared 
using oleic acid and isopropyl myristate as the oil phase (1:2), Tween 20 and 
Transcutol HP as surfactants, isopropyl alcohol as co-surfactant, and water. 
The microemulsions (M1, M2, and M3) that presented greater area were se-
lected as lead microemulsions and loaded with 2% DPH HCl (w/w). The physi-
cal stabilities of drug-loaded formulations with a droplet size of 15.998-19.030 
nm, polydispersity index of 0.404-0.516, and turbidity of 2.41-2.50 Ntu were 
evaluated as appropriate. The microemulsions showed a great spread area in 
sprayability studies. Moreover, DPH HCl release from microemulsions reached 
80-100% within one hour. The sprayable microemulsions were highly suitable 
for topical application of DPH HCl and can be evaluated for clinical applica-
tions with further studies.

Keywords: diphenhydramine hydrochloride, microemulsion, dermal deliv-
ery, topical application, topical spray
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INTRODUCTION

Microemulsions, characterized by small droplet sizes up to 200 nm, emerge as 
interesting and promising submicron carriers for dermal drug delivery owing to 
their thermodynamic stability, transparency, optically isotropic, and spontane-
ous formation1,2. Microemulsions are usually formed by the dropwise addition of 
a water phase to a mixture of oil, surfactant, and cosurfactant3. They exhibit low 
interfacial tension attributed to the presence of surfactants and these properties 
contribute to the maintenance of stability4. Microemulsions offer significant ad-
vantages including providing higher drug loading capacity by enhancing the solu-
bility of the active ingredient, increasing the thermodynamic activity of the drug, 
and improving the permeability of the drug thanks to its components5. Addition-
ally, it enables the combination of water-soluble and oil-soluble substances6. These 
formulations with low viscosity can be used in this form, as well as they can be de-
signed as microemulsion-based gel with the addition of a gel-forming agent7. The 
solution-like low viscosity of microemulsions allows them to be designed as spray-
able formulations8 that provide high patient compliance in terms of application.

Diphenhydramine (DPH) was initially synthesized in 1943 by Dr. George Rieve-
schl from the University of Cincinnati and it was FDA’s first approval for an anti-
histamine drug. DPH attempts as an antagonist of the H-1 receptor, counteracting 
the impact of histamine and relieving allergic reaction symptoms9. Its oral tablet 
and liquid preparations are commercially available on the market10. However, the 
short half-life (2-9 h) of DPH along with the first-pass effect resulting in low oral 
bioavailability (40-60%), necessitates frequent administration (from 25 mg to 50 
mg, 3 to 4 times a day) to maintain the aimed plasma levels11. Since the high sys-
temic side effects resulting from oral delivery will decrease patient compliance, 
dermal delivery, which has fewer systemic side effects, can be preferable12. DPH, 
this first-generation antihistamine, has perfect anesthetic and antipruritic effects 
when used topically13. Therefore, they effectively reduce itching caused by local 
allergic reactions to insect bites, mild sunburns, mild skin irritations, etc., and en-
sure good patient compliance with relief of pain and suffering9,12. 

Studies have been conducted on the topical application of diphenhydramine 
hydrochloride (DPH HCl), including microemulsion12,14-17. However, no spray-
able microemulsion formulations of DPH HCl were found. This study aimed to 
develop a novel sprayable microemulsion formulation loaded with DPH HCl, 
which is the soluble salt of DPH, and propose an optimized formulation for 
treating seasonal allergies, insect bites, stings, and rashes. The physicochemi-
cal characterization and in vitro drug release profiling of the formulated mi-
croemulsions were investigated for this aim.
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METHODOLOGY

Materials

DPH HCl, oleic acid, acetonitrile, and phosphate buffer tablet (PBS, pH 7.4) 
were purchased from Sigma-Aldrich, USA. Transcutol HP (diethylene glycol 
monoethyl ether, HLB 4.2) and Isopropyl myristate (IPM) were purchased 
from Alfa Aesar, USA. Tween 20 (polyoxyethylene sorbitan laurate, HLB 16.7) 
was purchased from Merck, Germany. Isopropyl alcohol (IPA) was purchased 
from Carlo Erba, Italy. 

Solubility of DPH HCl

The solubility of DPH HCl was investigated at ambient temperature in vari-
ous solvents, including distilled water, IPM, oleic acid, IPA, Transcutol HP, 
and Tween 20. The studies were performed with minor revisions to the previ-
ous study18. An excess amount of DPH HCl was dispersed in a microcentrifuge 
tube with one mL of the solvent. Each tube was shaken for 24 h in a horizon-
tal shaker (SSL2, Stuart, UK), and then the mixture was centrifuged (3-18KS, 
Sigma, Germany) at 14,000 rpm for 30 min. The supernatant was subjected 
to dilution with the mobile phase (acetonitrile: water, 35:65, v/v) at different 
ratios and subsequently analyzed by an HPLC method. The same procedure 
was separately carried out for each solvent. 

An HPLC method was developed and validated for the quantification of DPH 
HCl. Analysis conditions were recorded on the HPLC device (1100 series, Agi-
lent, USA) having a UV detector as in Table 1. A C18 column (InertSustain C18, 
150x4.6mm, 5μm, GL Sciences, Japan) was used during the analysis.

Table 1. Conditions of the HPLC method for the quantification of DPH HCl

HPLC condition

Mobile phase Acetonitrile: pH 3 phosphate buffer (35:65, v/v)

Flow rate 1.2 mL/min

Wavelength 225 nm

Column temperature 30 °C 

Injection volume 20 μL
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Preparation of microemulsion formulations

Pseudo-ternary phase diagrams were meticulously created to determine an op-
timal concentration of the components within a microemulsion design. In this 
diagram, typically one corner represented a mixture of surfactants, while the 
other corners were the oil and water components. All the formulation compo-
nents were mixed in proportions ranging from 0 to 100%. Then, each system 
was visually observed, and the resulting phase boundaries were drawn19. Dur-
ing the studies, various substances were used in different concentrations. As an 
oil mixture, jojoba oil, IPM, and oleic acid were studied in different ratios and 
pairs. It was observed that formulations containing jojoba oil did not result in 
a stable microemulsion. Consequently, in the preparation of microemulsion 
systems, IPM and oleic acid were selected as the oil phase, Transcutol HP and 
Tween 20 as the surfactants, and IPA as a co-surfactant. 

For preliminary studies, the surfactant and co-surfactant were mixed in differ-
ent ratios (w/w), namely 3:1, 2:1, 1:1, 1:2, and 1:3. The oil phase and the mix-
ture of surfactant were stirred within a beaker on a magnetic stirrer (Mr-Hei 
Standard, Heidolph, Germany) at 300 rpm until the mixture homogenized. 
These mixtures were titrated, drop-by-drop, with first IPA and then distilled 
water. Addition of distilled water was maintained until the mixture became 
blurred. While all processes were carried out at ambient temperature, the ap-
pearance of the formulation was followed visually. After marking the values 
that ensure the formation of a clear microemulsion in the phase diagram, the 
center of the formed microemulsion region was accepted as the lead micro-
emulsion. Drug-loaded formulations were prepared as before. DPH HCl (2%, 
w/w) was added to the lead microemulsion at the last stage and dissolved by 
stirring at 300 rpm for 15 min.

Characterization of microemulsion formulations

Characterization studies carried out to assess the suitability of the drug-loaded 
and blank microemulsions were carried out at least three times.

Viscosity

The viscosities of formulations were measured by a vibrational viscometer 
(SV-10, AND Vibro Viscometer, Japan)20. A sample of 10 mL microemulsion 
was filled into a plastic container, and measurements were taken at room tem-
perature until the value was constant. The viscosity studies of each batch were 
repeated three times, and each measurement was conducted twice.
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Droplet size, polydispersity index (PDI), and conductivity

Average droplet size, PDI, and conductivity of the drug-loaded and blank mi-
croemulsions were determined using the dynamic light scattering method by a 
zetasizer (Zetasizer Ultra, Malvern Instruments, Worcestershire, UK) at ambi-
ent temperature21,22. Disposable cuvettes were used for the measurement of the 
droplet size and PDI of the formulations. Folded capillary cells were used for 
the determination of the conductivity of the microemulsions.

Turbidity, refractive index, and physical stability

The turbidity of the formulations was assessed using a digital turbidity meter 
(TB 210 IR, Lovibond, UK) The instrument was calibrated using solutions of 
varying turbidity levels specific to the instrument. Subsequently, the micro-
emulsion was filled into a glass bottle up to the marked line and the meas-
urement was performed upon insertion into the device. The refractive index 
was determined using a digital refractometer (DR 301-95, Kruss, Germany)23. 
Physical stability tests were performed under temperature and centrifuge con-
ditions to determine whether there were changes in the physical stability of the 
microemulsions such as phase separation or sedimentation. Six cycles of cool-
ing (5±1°C)-heating (45±2°C) conditions were applied to the microemulsions. 
Additionally, the microemulsions were centrifuged (3-18KS, Sigma, Germany) 
at 25 °C and 5,000 rpm for 30 min. At the end of the procedures, the micro-
emulsions were assessed visually7.

Sprayability 

A sample of 10 g from each formulation was separately weighed into a spray 
bottle. Subsequently, a certain amount of a dye (E133) was added to the bot-
tles, and the formulation was stirred using a magnetic stirrer at 500 rpm for 
45 min. Following our previous studies24, a texture analyzer (TA.XT.PlusC, 
Stable Micro Systems, Haslemere, Surrey, UK)  was employed for sprayabil-
ity studies. As shown in Figure 1, a white plate was horizontally positioned 15 
cm away from the bottle, and the spray process was conducted five times for 
each sample. After the process, the diameter of the spray area on the plate was 
measured. 
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Figure 1. Images of sprayability studies. (a) Before the spray process. (b) After the spray 
process. (c) The spreading area of M1, M2, and M3 formulations after the spray application

 
In vitro drug release

In order to evaluate the release profile of the formulations, the DPH HCl-load-
ed microemulsions were studied through the dialysis bag method, following 
the procedures from previous studies22,24. A sample of 0.5 g formulation was 
transferred to a dialysis bag. After the bag was tightly closed, it was placed in a 
beaker containing 200 mL of pH 7.4 phosphate buffer (PBS). The studies were 
conducted on a magnetic stirrer at 50 rpm and 32±2°C. At seven distinct time 
points (5, 10, 15, 20, 30, 45, and 60 min), one mL was withdrawn from the 
release medium using an injector. Following each sampling, one mL of fresh 
PBS was added to maintain a constant volume. The samples were analyzed by 
HPLC at 225 nm. The experiments were performed four times for each batch. 
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On the one hand, the release of DPH HCl from the formulations was evaluated 
utilizing model-independent approaches, which were the difference factor (f1) 
and similarity factors (f2)25,26. On the other hand, the release profiles were as-
sessed using model-dependent kinetics such as zero order, first order, Higuchi, 
and Hixson-Crowell22.

Statistical analyses

The data were presented as mean±SD. Statistical analysis was performed using 
a student’s t-test.

RESULTS and DISCUSSION

Solubility of DPH HCl

The solubility of DPH HCl in various solvents was analyzed using HPLC. It was 
observed that all formulation components, except IPM, dissolved the active 
substance (Table 2). DPH HCl was found to be freely soluble in distilled water 
and Transcutol HP, while the solubility of DPH HCl was lowest in IPM (0.011 
mg/mL) compared to other solvents.

Table 2. Solubility of DPH HCl in different solvents

Solvent Concentration (mg/mL±SD)

Distilled water 622.358±2.515

IPA 23.541±1.018

Tween 20 59.131±2.111

Transcutol HP 129.706±3.001

Oleic acid 10.850±0.300

IPM 0.011±0.001

Preparation of microemulsion formulations

Microemulsions consist of four main components: water, oil, surfactant, and 
co-surfactant phases. In this project, IPM, chosen as the oil phase for the for-
mulation of microemulsion systems, demonstrates a robust effect in enhanc-
ing permeation and biocompatibility7,27. Oleic acid, a monounsaturated fatty 
acid, is frequently used as the oily phase in the formation of microemulsions 
and is well-compatible with IPM28,29. The ratio of oleic acid to IPM was 1:2 
(w/w) for all formulations. Transcutol HP, monoethyl ether of diethylene gly-
col, has been comprehensively studied as a penetration enhancer in various 
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transdermal therapeutic systems, with the potential to enhance drug solubility 
and improve drug delivery30. Additionally, Hernandez et al. found that a high 
concentration of Transcutol HP reduces the surface tension and leads to the 
formation of small droplets31. Polysorbate 20 or Tween 20, the most hydro-
philic surfactant among polysorbates, is nonionic and biocompatible. This sur-
factant, a sorbitan monolaurate derivative ethoxylated with approximately 20 
ethylene oxide units, has the effect of increasing the solubility capacity. Thanks 
to these properties, it is frequently used in microemulsion formulations32,33.

The most crucial stage for the preparation of the microemulsions to acquire the 
desirable composition of the used compounds is to construct a pseudo-ternary 
phase diagram. These diagrams serve to determine the range of microemul-
sion existence and explore the influence of varying component weight ratios 
on the size of a stable microemulsion area26. The corners of the phase diagram 
represent the components of the microemulsion (water, oil, and surfactant: co-
surfactant). Any point in the diagram reveals the proportions of these compo-
nents that make up the formulation so that there is a total of 100%. The center 
of the area, where the microemulsion is formed, is considered to be the ideal 
microemulsion. The pseudo-ternary phase diagrams of the formulations were 
created using the Microsoft Excel program. Then, three formulations that pro-
vide the greatest microemulsion area were selected. Figure 2 shows the pseu-
do-ternary phase diagrams of the selected microemulsion formulations. The 
surfactant: cosurfactant ratios of M1, M2, and M3 formulations were 1:1, 1:2, 
and 1:3, respectively. Accordingly, the ideal formulations were determined and 
drug-loaded microemulsions were prepared by adding DPH HCl (2%, w/w) 
following the composition ratios (Table 3).

Figure 2. Pseudo-ternary phase diagram of selected microemulsions, which provide greater 
microemulsion region
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Table 3. Composition of the drug-loaded ideal microemulsion formulations (w/w)

Component (%) M1 M2 M3

DPH HCl 2 2 2

Oleic acid 10.78 10.94 10.46

IPM 21.56 21.89 20.90

Transcutol HP 21.15 13.64 10.14

Tween 20 9.23 5.96 4.43

IPA 30.38 39.20 43.74

Distilled water 4.90 6.37 8.33

Characterization of microemulsion formulations

Viscosity

The viscosity of topical formulations represents a significant physical attrib-
ute affecting the rate of drug release. In general, increasing the viscosity of 
the formulation results in a hard structure and reduced drug release rate34. 
Contrarily, low viscosity plays a positive impact on the sprayability of formula-
tions35. The viscosity results are presented in Table 4. For the blank formula-
tions, viscosity values ranged between 5.74 and 7.92 mPa·s. Similarly, formu-
lations incorporating DPH HCl demonstrated viscosities spanning from 5.96 
to 8.30 mPa·s, offering a beneficial aspect for improved sprayability. Monton 
et al.36 stated that the oral spray microemulsions they prepared using clove 
oil, tween 80, and PEG were suitable for administration with viscosity values 
between 12.8 and 65.8 mPa·s. However, the results indicated that the addition 
of the active ingredient to the formulations increased viscosity (p<0.05). In 
addition, consistent with the literature, it was detected that viscosity decreased 
as alcohol or water amounts increased in the microemulsion formulations7,37,38 
because of the low viscosities of these solvents.
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Table 4. Characterization of the developed blank and DPH HCl-loaded microemulsion 
formulations

Formulation Viscosity 
(mPa·s±SD)

Droplet 
size 

(nm±SD)

Turbidity
(Ntu±SD)

PDI 
(±SD)

Refractive 
index

(nD±SD)

Conductivity
(µS/cm±SD)

M1 7.92±0.13 4.362±0.345 2.28±0.08 0.327±0.031 1.415±0.001 0.016±0.000

M1DPH HCl 8.30±0.02 17.451±1.807 2.42±0.04 0.462±0.017 1.418±0.001 0.094±0.000

M2 6.43±0.08 5.501±0.658 2.08±0.03 0.326±0.028 1.410±0.001 0.011±0.000

M2DPH HCl 6.82±0.17 19.030±0.707 2.50±0.04 0.516±0.029 1.414±0.001 0.127±0.001

M3 5.74±0.04 5.809±0.315 2.29±0.05 0.249±0.024 1.406±0.001 0.005±0.000

M3DPH HCl 5.96±0.08 15.998±1.294 2.41±0.14 0.404±0.040 1.408±0.001 0.169±0.001

Droplet size, PDI, and conductivity

The droplet size of blank microemulsions was between 4.362 and 5.809 nm, 
while that of drug-loaded microemulsions was between 15.998 nm and 19.030 
nm (Table 4). While microemulsions are generally characterized by droplet 
sizes of average 10-200 nm39, smaller droplet sizes such as 1-10 nm can also 
be obtained22,33,40,41. These rather small droplet sizes can be attributed to the 
fact that the co-surfactant penetrates the interfacial film of the oil droplets and 
affects the fluidity and viscosity20. Additionally, the increase in droplet size 
may be associated with the addition of the active ingredient. Sarheed et al.42 
found an increase in droplet size in half of the formulations by adding lidocaine 
to blank nanoemulsions. The PDI of the microemulsions was found between 
0.249 and 0.516 (Table 4). A PDI of less than 0.5 indicates that the formula-
tions have narrow and homogeneous droplet size distribution43.

Conductivity level is one of the key indicators for detecting the internal and ex-
ternal phases of the microemulsion. The presence of non-ionic surfactants and 
cosurfactants and low water content causes this value to be close to zero22. Ad-
ditionally, since the oil phase mostly does not contain electrolytes, it causes low 
electrical conductivity values, and this may indicate that the external phase is 
oil4,20. The conductivity of both the drug-loaded and the blank microemulsions 
was found to be approximately zero (Table 4). Considering the obtained find-
ings, it was determined that the formulations are W/O type microemulsions.

Turbidity, refractive index, and physical stability

Turbidity in a liquid formulation refers to blur in the formulation caused by 
suspended particles and particle size, which can affect both the formulation’s 
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visual clarity and its physical stability44,45. An optimal microemulsion usually 
has minimal turbidity or high transparency, signifying a well-structured and 
stable formulation with finely dispersed and homogeneously mixed oil, wa-
ter, and surfactant phases. The turbidity of the formulations was determined 
to range from 2.08 to 2.50 Ntu, as given in Table 4. The low turbidity val-
ues obtained indicated that the formulations were good in terms of physical 
appearance and stability. The results were consistent with the literature46,47. 
The refractive index is useful for characterizing and differentiating chemicals, 
evaluating their purity and clarity, and offering insight into the interactions 
and composition of pharmaceutical systems. The refractive index of all pre-
pared microemulsions ranged between 1.408 and 1.418 (Table 4), and there 
was no significant difference in the presence and absence of DPH HCl although 
there was a very small increase with drug loading (p>0.05). This slight change 
indicated that drug loading was ensured without any phase change in the mi-
croemulsion, which was a complex system4. The physical stability of the for-
mulations was demonstrated by the fact that no physical change was observed 
in drug-loaded and blank microemulsions subjected to challenging conditions 
such as temperature and centrifugation.

Sprayability 

Sprayability is crucial for topical drug delivery as offers advantages such as the 
ability to deliver the formulation to difficult-to-apply areas and large areas for 
dermal application, short application time, and homogeneous distribution for 
colloidal preparations48. In addition, with all these advantages and ease of use, 
patient compliance is enhanced49. Therefore, the characterization of sprayabil-
ity is necessary to evaluate the suitability of the formulation. The features and 
composition of the formulation, the size and shape of the nozzle, the pump’s 
design, the reservoir’s capacity, and the amount left in the spray bottle can im-
pact the formulation’s spray characteristics50. As shown in Figures 1a and 1b, to 
investigate the sprayability of the DPH HCl microemulsion, the formulations 
were sprayed to the horizontal plate using the texture analyzer. The spreading 
diameter of the formulations after one spray process was found to be between 
5.150 and 6.240 mm (Table 5, Figure 1c). Due to the absence of leakage from 
the spray nozzle of the bottle and the large spray area, the sprayability of all 
tested formulations was evaluated as good. It was noted that the results were 
consistent with the viscosity, indicating that as viscosity decreased, the diam-
eter of the spreading area increased51.
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Table 5. Diameter of spreading area of the drug-loaded formulations after one spray process (n=5)

Formulation Diameter (cm±SD)

M1 5.150±0.137

M2 6.100±0.386

M3 6.240±0.185

In vitro drug release

The in vitro release study of the formulations was performed by the dialysis 
bag method. This method is a frequently preferred method for evaluating the 
release profiles of microemulsions20,22. DPH HCl release from the microemul-
sion formulations reached between 80% and 100% within 60 min (Figure 3). 
In a study, Aziz et al.12 investigated the release profiles of DPH HCl-loaded chi-
tosan nanoparticles by the dialysis bag method. It was observed that the drug 
reached 50-80% release levels within 60 min and 60-90% within 120 min. In 
our previous study52, it was determined that the DPH HCl release from diato-
mite-chitosan composites was 60-90% within 60 min. The fact that the cumu-
lative drug release reached 80-100% in a short time was consistent with the lit-
erature and this may be associated with the high water solubility of DPH HCl52.  

Figure 3. DPH HCl release profiles of the microemulsions (n=4)
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The M3 formulation with the highest water content and the lowest viscosity 
provided higher drug release compared to others. Differences in the viscosities 
and the water content may have affected the drug release from the microemul-
sions. It is shown that there is generally a negative relationship between viscos-
ity and drug release rate41,53,54. In a study, Kumari et al. developed the micro-
emulsion formulations of valsartan and investigated the solubility of valsartan 
in microemulsion components. They also indicated the solubility of valsartan 
in the developed microemulsions. Among the microemulsions with no signifi-
cant difference between their viscosities, M5 had the highest valsartan solubili-
ty and provided a higher cumulative release of valsartan compared to the other 
microemulsions55. The release profiles of the formulations were evaluated with 
model-dependent kinetics and it was found that the profiles were compatible 
with Higuchi kinetics, in which the highest r2 value was determined (Table 6). 
This model suggests that drug release from microemulsions occurs through 
diffusion22,56,57. The similarity between the drug release profiles of the formula-
tions was investigated by model-independent kinetics. The fact that the differ-
ence factor (f1) is less than 15 and the similarity factor (f2) is greater than 50 
indicates the similarity of the drug release profiles of the formulations25. The 
release profiles of the M2 and M3 microemulsion pair were found to be similar 
(f1=10, f2=63) (Table 7).

Table 6. Release kinetics data of DPH HCl-loaded microemulsions

Formulation Zero order 
(r2)

First order 
(r2)

Higuchi 
(r2)

Hixson-Crowell 
(r2)

M1 0.9711 0.8919 0.9909 0.9289

M2 0.9642 0.8578 0.9939 0.9021

M3 0.9486 0.8412 0.9898 0.8840

Table 7. Similarity and dissimilarity factors of the prepared formulations

Formulation pairs Difference factor (f1) Similarity factor (f2)

M1 – M2 17 52

M1 – M3 28 42

M2 – M3 10 63
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Microemulsions are very convenient carriers for the penetration of active in-
gredients into the skin due to the penetration enhancers they contain, small 
droplet sizes, and the combination of oil and water. In addition to these advan-
tages, their low viscosity allows them to be sprayed, providing ease of applica-
tion and high patient compliance. In this study, a novel sprayable microemul-
sion formulation was designed for the dermal application of diphenhydramine 
hydrochloride, a first-generation antihistamine. The formulation with a sur-
factant/cosurfactant ratio of 1:3 showed the widest microemulsion region. The 
characterization studies of the obtained water/oil-type microemulsions have 
revealed their physical stability. The drug-loaded microemulsions (2%) with 
viscosity values of between 5.96 and 8.30 mPa·s were evaluated as having good 
sprayability with a great spreading area. In vitro drug release studies revealed 
that DPH HCl release from the microemulsions reached approx. 100% within 
60 min and the best fit kinetic model for the DPH HCl release profiles was 
Higuchi, which suggests that the drug release occurs by diffusion. The findings 
indicated that these novel sprayable DPH HCl formulations are promising with 
high patient compliance for the topical treatment of itching-causing ailments 
such as insect bites, mild burns, and irritation.
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