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ABSTRACT
This study aimed to illustrate the use of D-optimal mixture design (DOMD) for optimization of an
enhancer containing Dapsone niosomal formula for acne topical treatment. Mixture components
(MixCs) studied were: Span 20, Cholesterol, and Cremophor RH. Different responses were measured.
Optimized formula (OF) was selected to minimize particle size and maximize absolute zeta potential
and entrapment efficiency. Optimized formula gel (OF-gel) was prepared and characterized. OF-gel
in vivo skin penetration using confocal laser scanning microscopy and activity against Cutibacterium
acnes in acne mouse model were studied. Based on DOMD results analysis, adequate models were
derived. Piepel and contour plots were plotted accordingly to explain how alteration in MixCs L-
pseudo values affected studied responses and regions for different responses’ values. The OF had suit-
able predicted responses which were in good correlation with the actually measured ones. The OF-gel
showed suitable characterization and in vivo skin penetration up to the dermis layer. In vivo acne
mouse-model showed that OF-gel-treated group (OF-gel-T-gp) had significantly better recovery (healing)
criteria than untreated (UT-gp) and AknemycinVR -treated (A-T-gp) groups. This was evident in significantly
higher reduction of inflammation percent observed in OF-gel-T-gp than both UT-gp and A-T-gp. Better
healing in OF-gel-T-gp compared with other groups was also verified by histopathological examination.
Moreover, OF-gel-T-gp and A-T-gp bacterial loads were non-significantly different from each other but
significantly lower than UT-gp. Thus, DOMD was an adequate statistical tool for optimization of an
appropriate enhancer containing Dapsone niosomal formula that proved to be promising for topical
treatment of acne.
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1. Introduction

Many drugs have metabolic and gastrointestinal problems
when taken orally, and therefore other drug delivery routes
are taken into consideration to overcome these challenges.
Topical drug delivery is a good alternative in which the drug
bioavailability to site of action can be improved and its side
effects can be decreased. Furthermore, patient acceptance
and drug targeting are obviously increased with topical drug
application. Physicians nowadays are showing growing inter-
est in prescribing topical delivery systems rather than con-
ventional systems (Master et al., 2010).

Using nano-vesicular systems for topical application has
gained growing interest over the years. They increase drug
solubility and prolong its release and accordingly enable
dose reduction with subsequent decrease of drug side
effects. Niosomes are nonionic surfactant-based nanovesicles
which outweigh the parent liposomes nanovesicular system
by being more chemically stable and more economic with
higher skin penetrability (Goyal et al., 2015; Fetih, 2016).
Also, niosomes have the ability to improve the drug

residence time in the epidermis and stratum corneum and
reduce the systemic absorption of the drug at the same
time. Moreover, niosomes when applied topically can reduce
the loss of trans-epidermal water and replenish the skin lip-
ids and subsequently improve the properties of the horny
layer and increase the smoothness (Manconi et al., 2006).
Budhiraja & Dhingra (2015) proved that gel containing anti-
microbial-loaded niosomes is effective for acne vulgaris treat-
ment by enhancing the time and amount of drug retention
within the skin and improve the therapeutic efficacy of
the drug.

Dapsone (a sulfone class drug) which was discovered in
1908 has a bacteriostatic action and an anti-inflammatory
activity in diseases characterized by abnormal accumulation
of neutrophils (Sago & Hall, 2002). For these reasons,
Dapsone can be used in the treatment of acne which affects
most of the teenagers. It can alleviate symptoms associated
with this skin disease (Draelos et al., 2007). Unfortunately, its
oral use is limited due to its low water solubility and harmful
side effects like hemolytic anemia, headache, and nausea
(Pickert & Raimer, 2009). Topical delivery of Dapsone
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removes all barriers that complicate its oral use and at the
same time facilitates application to the patients (Schneider-
Rauber et al., 2020). Although Allergan Company produces
Dapsone gel 7.5% (ACZONEVR Gel), yet it is expensive enough
to trigger researchers for searching for new formulations.
Shamma et al. (2019) prepared Dapsone gel after complex-
ation of Dapsone with cyclodextrin. Also, other literature
showed formulation of topical Dapsone by different techni-
ques (El-Nabarawi et al., 2018, 2020).

We think that using a Dapsone niosomal formula espe-
cially a one containing an enhancer (Cremophor RH) will
lead to intercellular drug accumulation with better treatment
outcomes. Also, we think that ordinary statistical designs
such as different factorial or response surface designs are
inappropriate enough for studying variables which are essen-
tially components of a mixture. Thus, this research aimed at
optimization of an enhancer containing Dapsone niosomal
formula with predetermined characters using D-optimal mix-
ture design. The activity of this formula would be tested
in vivo for topical treatment of Cutibacterium acnes infected
BALB/c mice.

2. Theoretical development

Formula optimization based on statistical experimental
design and modeling methods conserves much effort and
time and leads to more concrete results. Parent factorial
designs and successor response surface designs such as: cen-
tral composite designs and Box–Behnken designs have been
used in many researches for multivariable formulations
(Habib et al., 2008, 2014; Said et al., 2018; Younes et al.,
2018). A fact to be considered is that in these designs the
change in levels of one independent variable should not
affect any other one. In reality, many cases are encountered
where the variables needed to be studied are amounts of dif-
ferent ingredients. Here, the alteration in the amount of any
variable means an alteration in the relative amounts of other
variables in the whole formula. Hence, the importance of mix-
ture designs appears. In this class of designs, the factors are
essentially mixture components (MixCs) and the experimental
space is all the points for which x1 þ x2 þ ::::::::::þ xq ¼ 1
(x1 . . . xq are proportions of the q components of a mixture).
Each MixC proportion has a value from zero to one (Cornell,
2002; Mason et al., 2003; Armstrong, 2006). If no limits are
imposed on any of the studied MixCs, the experimental space
has a regular simplex shape with q vertices and q� 1 dimen-
sions (Cornell, 2002; Armstrong, 2006). Thus, the experimental
space for a three component mixture for example is repre-
sented by a ternary diagram. If one or more of the MixCs has
lower limits, the experimental space shape does not change.
Yet if upper limits or both upper and lower limits are imposed
on the studied MixCs, this alters the experimental space shape
into a polyhedral (Armstrong, 2006; Voinovich et al., 2009). A
regression polynomial equation is usually elucidated to repre-
sent how the MixCs affect each studied dependent variable
(response). The most frequently used models for a three com-
ponent mixture design are (Habib & AbouGhaly, 2016):

Linear ! : ŷm ¼ b1x1 þ b2x2 þ b3x3 (1)

Quadratic ! : ŷm

¼ b1x1 þ b2x2 þ b3x3 þ b12x1x2þb13x1x3þb23x2x3
(2)

Special cubic ! : ŷm¼b1x1þb2x2þb3x3þb12x1x2
þb13x1x3þb23x2x3þb123x1x2x3 (3)

where ŷm is a certain predicted response, the bi, bij, and b123
are the coefficients representing, respectively, the linear,
quadratic, and special-cubic blending properties of the three
MixCs (xi).

MixCs can be represented by three different scales: actual,
real, and pseudo scales (lower and upper pseudo scales). The
original amounts of each MixC represent the actual scale.
Real scale is when MixCs are expressed as proportions taking
any values between 0 and 1 (summing to 1). The real scale is
calculated by dividing the actual amount of each component
by the total amount of the mixture. The pseudo scale (upper
and lower) is the scale of choice for simplification of calcula-
tions, where the range of each MixC is fixed to be from 0 to
1. The L-pseudo components are used in this research and
calculated as (Ranpise et al., 2014):

xi ¼ x
0
i�Li

1�Pq
i¼1

Li
(4)

where xi is the L-pseudo value of component i, x
0
i is the real

value of component i, and Li is the lower bound of compo-
nent i (i¼ 1, 2, … … , q).

Data transformation is the application of a mathematical
function to all the values of a response and is sometimes
needed for better data modeling (Montgomery, 2013).
George Box and David Cox incubated a technique to identify
whether a transformation is needed and what the suitable
exponent (k) to use is (Box and Cox, 1964). The Design
ExpertVR software suggests type and exponent of recom-
mended transformation, if any (Pat & Wayne 2014; Nageeb
El-Helaly et al., 2018).

3. Experimental

3.1. Materials

Dapsone, Cholesterol, Span 20, and Rhodamine B dye were
purchased from Sigma-Aldrich Co., St. Louis, MO, USA.
Chloroform, methanol, sodium lauryl sulfate, carbopol 945,
triethanolamine (TEA), disodium hydrogen phosphate, and
potassium dihydrogen phosphate were purchased from
Adwic, El Nasr Pharmaceutical Chemicals Co., Abu Zaabal,
Egypt. Cremophor RH was purchased from BASF Co.
(Florham Park, NJ). Spectra/PoreVR dialysis membrane
12,000–14,000 molecular weight cut off was from Spectrum
Laboratories Inc., Rancho Dominguez, CA. Tissue-TekVR O.C.T.
Compound gel was from Sakura Finetek, USA. AknemycinVR

ointment containing 2% erythromycin manufactured by
Medical Union Pharmaceuticals (Ismailia, Egypt under license
from Almirall Hermal, Germany) was purchased from a local
pharmacy (Cairo, Egypt).
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3.2. Application of D-optimal mixture design for
niosomes preparation

In this research, Dapsone niosomes containing an enhancer
(Cremophor RH) were to be optimized. Different niosomal
formulae were to be prepared by film evaporation technique.
As the variables to be studied were in fact components of
the mixture to be evaporated, using a mixture statistical
design seemed to be the suitable choice.

The three components of the film-forming mixture to be
investigated as MixCs were: Span 20, Cholesterol, and
Cremophor RH. Preliminary experiments were used to iden-
tify the suitable ranges of MixCs, amount of drug, and values
of other experimental conditions which were kept constant.
Upper and lower constraints were put on the MixCs so that
each mixture contains all the three MixCs. Equal ranges were
designated for each MixC, so the resulting experimental
space was a sub-region within a simplex, but keeping a regu-
lar simplex shape as shown in Figure 1(a). The actual investi-
gated ranges of MixCs with their real, and L-pseudo-coded
values and the responses with their required constraints are
shown in Table 1a.

A D-optimal mixture design minimizing the variance asso-
ciated with the regression coefficient estimates for the eluci-
dated models was used for design points’ selection
(Montgomery, 2013). The model was built using Design
ExpertVR software (Version 7.0.0, Stat-Ease Inc., Minneapolis,
MN) (DX). A total of 13 trials were to be performed (nine dif-
ferent design points and four replicates). This offers 12
degrees of freedom (df) for elucidation of up to eight terms
supporting up to a full quadratic model (five terms) with
extra 3 df for lack of fit calculation. DX was used to analyze
the resulting data by elucidation of a suitable regression
model for each response describing how it is affected by the
MixCs. Significance level was set at a¼ 0.05. The 13 trials
(S1–S13) are shown in Figure 1(b) and listed in Table 1b. The
preparation and characterization of the different trials were
done in random order.

3.3. Preparation of dapsone niosomes

Dapsone niosomes were prepared by the conventional thin
film hydration sonication method reported by Bangham
et al. (1965) with slight modifications. Specific amounts of
Span 20, Cholesterol, Cremophor RH, and drug were dis-
solved in 9mL of 2:1 methanol: chloroform mixture using
bath sonicator (Crest Ultrasonics Corp., Trenton, USA) for
3min. The resultant solution was then transferred to the 1-L
round bottomed flask of a rotary evaporator (Rotary evapor-
ator RE300P, Stuart, Staffordshire, UK) for evaporation of sol-
vents under vacuum. Evaporation under vacuum lasted for
10min at 60 �C. The residual film was then hydrated to
10mL using double distilled water containing 0.01% sodium
lauryl sulfate by rotation at 60 �C for 20min under atmos-
pheric pressure. The prepared niosomal suspension was then
sonicated for 5min for size reduction (Habib et al., 2018). All
the prepared niosomes were then stored in the refrigerator
(4 �C) for 24 h before further characterization.

3.4. Characterization of dapsone niosomes

3.4.1. Particle size (PS), polydispersity index, (PDI) and
zeta potential (ZP)

PS, PDI, and ZP of the prepared niosomes were determined
as described before by El-Helaly et al. (Nageeb El-Helaly
et al., 2018).

3.4.2. Drug entrapment efficiency percent (EE)
EE was calculated after quantifying the un-entrapped
Dapsone amount using the ultracentrifugation technique
(Habib et al., 2018). The un-entrapped Dapsone was sepa-
rated from the prepared niosomes by ultracentrifugation at
20,000 rpm for an hour at 4 �C using an ultra-cooling centri-
fuge (Sigma Laborzentrifugen centrifuge GmbH, Germany).
Concentration of Dapsone in the aqueous supernatant was
measured – after proper dilution with methanol – spectro-
photometrically (Shimadzu, model UV-1601 PC, Kyoto, Japan)

Figure 1. (a) The experimental region of Mixture components defined by the constraints: 160�A� 220, 40� B� 100 and 60� C� 120, where A¼ Span 20
amount (mg), B¼ Cholesterol amount (mg), and C¼ Cremophor RH amount (mg), (b) Design points over the constrained mixture region; where: o single trial, �
replicated trial, and w optimized formula.
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at k¼ 295 nm. The EE was then calculated according to the
following equation:

EE ¼ Total amount of drug�Amount of free drug
Total amount of drug

�100 (5)

3.4.3. Transmission electron microscopy
The morphological properties of the Dapsone loaded nio-
somes was examined using transmission electron microscopy
(TEM) (Joel JEM 1230, Tokyo, Japan) operated at 80 kV after
negative staining using 2% phosphotungstic acid (Habib
et al., 2021).

3.5. Development of optimized formula

DX was used for exploring the experimental space and
selecting an optimized formula with the predetermined char-
acters listed in Table 1a.

3.6. Preparation of optimized formula gel (OF-gel)

Optimized formula gel (OF-gel) was prepared by dispersing
carpobol 945 (1%) in concentrated niosomal suspension.

3.7. Characterization of OF-gel

3.7.1. Physical appearance
Homogeneity of the prepared OF-gel was tested by visual
examination after its insertion in the suitable vials for any
aggregates or clumps to be detected (El-Ridy et al., 2017).

3.7.2. Drug content
A suitable amount (75mg) of the prepared OF-gel was
diluted with methanol in a 10ml volumetric flask and con-
centration of Dapsone was determined spectrophotometric-
ally after filtration and sufficient dilution with methanol
(Fahmy et al., 2018).

3.7.3. pH determination
About 1ml of the prepared OF-gel was dissolved in 9mL of
distilled water to measure the pH of the gel using pH meter
(Fahmy et al., 2018).

3.7.4. Particle size (PS), polydispersity index (PDI) and
zeta potential (ZP) determination

PS, PDI, and ZP of the prepared OF-gel were determined as
described before by Nageeb El-Helaly et al. (2018).

Table 1. (a) Mixture components with their constraints expressed in different values and responses with their targeted constraints.

a)
Actual values (amounts in mg) Real values (Proportions) L-pseudo values

Mixture componentsa Lower bound Upper bound Lower bound Upper bound Lower bound Upper bound

A: Span 20 (mg) 160 220 0.5 0.6875 0 1
B: Cholesterol (mg) 40 100 0.125 0.3125 0 1
C: Cremophor RH (mg) 60 120 0.1875 0.375 0 1
Responses Constraints

Particle size (nm) (PS) Below 220 nm
Zeta potential (mV) (ZP) Maximize absolute value
Entrapment efficiency percent (%) (EE) Maximize

Table 1 (b). Composition and characterization of niosomes prepared according to different design points of D-optimal mixture design. Data are duplicate meas-
urements of each trial (mean ± SD).

b)

Run Order

Mixture componentsa Characterization

Trial number Ab Bb Cb PS c PDIc ZPc EEc

S1 5 0.5 0.5 0 244.3 ± 0.2 0.571 ± 0.077 �37.5 ± 0.4 85.3 ± 1.1
S2 11 0 0 1 95.5 ± 0.2 0.216 ± 0.008 �27.6 ± 0.6 72.6 ± 2.9
S3 10 1 0 0 232.1 ± 0.1 0.602 ± 0.042 �37.8 ± 2.1 84.2 ± 0.3
S4 6 0 1 0 190.2 ± 3.6 0.563 ± 0.021 �39.3 ± 0.4 85.7 ± 0.6
S5 3 0.5 0 0.5 96.3 ± 1.7 0.223 ± 0.000 �29.5 ± 0.6 80.4 ± 1.3
S6 9 0 0.5 0.5 139.1 ± 4.0 0.341 ± 0.056 �39.4 ± 0.6 76.6 ± 1.0
S7 12 0.667 0.167 0.167 320.7 ± 14.2 0.689 ± 0.083 0.0 ± 0.1 85.7 ± 1.7
S8 7 0.167 0.667 0.167 314.4 ± 15.9 0.530 ± 0.033 0.1 ± 0.0 81.5 ± 0.2
S9 13 0.167 0.167 0.667 136.7 ± 0.1 0.322 ± 0.044 0.1 ± 0.1 73.5 ± 2.1
S10d 8 0 0 1 107.4 ± 2.3 0.248 ± 0.001 �29.6 ± 0.3 72.5 ± 0.4
S11d 1 1 0 0 225.5 ± 11.6 0.468 ± 0.006 �36.0 ± 1.7 86.3 ± 0.6
S12d 4 0 1 0 213.9 ± 21.9 0.443 ± 0.069 �39.0 ± 0.4 84.7 ± 0.2
S13d 2 0.5 0.5 0 240.2 ± 2.7 0.390 ± 0.017 �36.9 ± 0.1 85.0 ± 1.9

The total amount of film-forming components was fixed at 320mg.
aMixture components are shown in L-pseudo values.
bA: Span 20, B: Cholesterol, C: Cremophor RH.
cPS: Particle size (nm), PDI: Polydispersity index, ZP: Zeta potential (mV), EE: Entrapment efficiency (%).
dTrials S10 to S13 are replicates of S2, S3, S4, and S1, respectively.
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3.7.5. Imaging by transmission electron microscope (TEM)
The morphological properties of the prepared OF-gel formula
were examined using TEM (Joel JEM 1230, Tokyo, Japan)
operated at 80 kV after suitable dilution and negative stain-
ing using 2% phosphotungstic acid (Habib et al., 2021).

3.7.6. Rheological study
The viscosity of the prepared OF-gel was measured using
rotational cone and plate Brookfield digital viscometer
(HBDV-IþCP, Middleboro, MA, USA) equipped with spindle
CPE-41 at 25 ± 1 �C. The OF-gel (0.5 g) was placed in the sam-
ple holder and the applied cone speed was increased grad-
ually from 0.5 to 100 rotations per minute (rpm) with 20-s
interval while keeping the % torque within the acceptable
limits of 10–100%. Values of viscosity and % torque were
recorded at each rpm. Shear rate was calculated from rpm
and shear stress was calculated from % torque. A graph
showing changes in viscosity and shear stress with different
shear rates was plotted. The power law model equation was
used to assess the flow behavior of OF-gel

s¼Kcn (6)

where s is the shear stress (dyne/cm2), K is the consistency
index (dyne/cm2.s), c is the shear rate (s�1), and n is the flow
index. In case of Newtonian systems, n value is one, while it
is between zero and one for a shear thinning system and
larger than one in case of a dilatant system (Farid et al.,
2016; Said et al., 2017).

3.8. In vivo evaluation

In vivo evaluation is diagrammatically represented in
Figure 4.

3.8.1. In-vivo skin penetration using confocal laser scan-
ning microscopy

The in vivo skin penetration efficiency of the proposed OF-
gel hydrogel was tested using Confocal Fluorescence life-
time, and images were acquired using the FLIM system
(ALBA v5 from ISS). The OF-gel loaded with 1% Rhodamine B
dye was applied to the dorsal previously shaved skin of
BALB/c mouse for 3 h. After this period, the excess OF-gel
was removed by a thin stream of water, wiped with gauze,
and then the mouse were euthanized by cervical dislocation
after light anesthesia (Ahmed et al., 2020; Sayed et al., 2018).
Mouse’s skin was excised, washed with normal saline, then
frozen immersed in Tissue-TekVR O.C.T. Compound gel. Frozen
cross sections in skin of about 5 lm in thickness were
obtained using Leica CM1950 cryostat (Leica Biosystems Inc.,
USA), then examined. The excitation was from the laser
diode 650 nm coupled with scanning module (ISS) through
448/561/640/2p nm multiband dichroic filter (Semrock,
Rochester, NY, USA) to a microscope (Olympus IX71S)
equipped with a U PLan 60� with a NA 1.4 Oil objective
(Olympus, Waltham, MA, USA). Emission was observed
through bandpass filter 650 and 698/70 (Chroma
Technology, Canton, MI, USA) and detected by a GaAs fast

PMTs photomultiplier detector H7422-40 (Hamamatsu,
Bridgewater, NJ, USA). FLIM data were acquired using ISS
A330 Fast FLIM module with n harmonics of 20MHz laser
repetition frequency. FLIM data were analyzed with Vista
Vision Suite software (Vista v.204 from ISS).

3.8.2. In-vivo evaluation of OF-gel in acne inflamma-
tory model

3.8.2.1. Animals. Adult male BALB/c mice (six weeks old,
30–35g of weight) were purchased from Theodor Bilharz
Research Institute (Giza, Egypt) and left to acclimate for at
least one week prior to the start of the experiment. Mice were
housed at Faculty of Pharmacy, Cairo University in a tempera-
ture-controlled environment (27±1 �C) with dark/light cycle
12h and fed ad libitum standard pellet diet and water.

3.8.2.2. Research ethics statement. Research procedures
were conducted in compliance with the principles and rec-
ommendations of the Guide for the Care and Use of
Laboratory Animals Association, A.V.M. All animal experi-
ments were approved by Research Ethics Committee (REC) of
the Faculty of Pharmacy, Cairo University, Egypt, protocol
identification code PI (1948).

3.8.2.3. Preparation of inoculum. For testing the in vivo
effectiveness of the OF-gel, an established inflammatory mur-
ine model was used based on Nakatsuji et al. (2008) and our
previous studies (Taleb et al., 2018; Shamma et al., 2019).
Standard C. acnes (ATCC 6919) strain was anaerobically cul-
tured on reinforced clostridial medium (RCM) agar (Oxoid
Limited, Basingstoke, UK) for 48 h at 37 �C with anaerobic
atmosphere generation bags (Sigma–Aldrich, St. Louis, MO,
USA). Isolated colonies of C. acnes were sub-cultured in RCM
broth for 48 h at 37 �C under anaerobic conditions. The bac-
terial suspension from the liquid sub-culture optical density
at 600 nm wavelength was adjusted to 1 which is equivalent
to 1011 colony forming unit (CFU)/mL checked by performing
viable count, and this bacterial suspension was used for
preparation of the inocula of concentration 1010 CFU/mL.

3.8.2.4. Experimental design. To induce inflammation, the
left-side ears of mice were injected with 20 ml of 108 CFU
C. acnes intradermally using 27G � 1=2 inch needle with
Hamilton syringe of 50 mL model 705 RN (Reno, NV)
(Nakatsuji et al., 2008; Taleb et al., 2018). The used inoculum
consistently resulted in visible micro-comedone formation
and inflammation with �10% increase in ear thickness within
48 h of injection as measured by micrometer caliper
(0–25mm/0.001mm). Appearance of microcomedones and
�10% increase in ear thickness were considered as indicators
of acne induction based on the previously established model
(Taleb et al., 2018). Two separate in vivo experiments were
set up at two different occasions (two blocks) (n¼ 6 mice/
group/experiment, ntotal ¼ 36 mice). In each experiment,
mice were randomly divided into three groups; untreated
(UT-gp) which acted as negative control, AknemycinVR treated
(AT-gp) which acted as positive control, and OF-gel treated
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(OF-gel-T-gp) (Shamma et al., 2019). Each mouse acted as its
own control by infecting its left ear, while the right ear was
kept as self-control. Amount of gel used for each mouse ear
was 40mg containing either 0.8mg of Erythromycin (AT-gp)
or 0.16mg of Dapsone (OF-gel-T-gp). After 48 h of injection,
AT-gp and OF-gel-T-gp were treated epicutaneously with
either AknemycinVR (positive control) or OF-gel, respectively,
and observed together with UT-gp for 72 h. Checks on mice
were performed where ear thickness and general health of
mice were recorded. At the end of the experiment, mice
were euthanized, and mice ears were excised for viable bac-
terial counts and histopathological assay.

3.8.2.5. Follow up of animals. Several studies have assessed
the efficacy of anti-acne agents based on reduction in
inflammation percent and bacterial load along with evalu-
ation of histopathological changes in acne animal models
(Nakatsuji et al., 2008; Budhiraja & Dhingra, 2015; Ryu et al.,
2015; Taleb et al., 2018; Shamma et al., 2019).
3.8.2.5.1. Ear inflammation and micro-comedon size. Changes

in ear thickness measured using micrometer caliper
(0-25mm/0.001mm) were used as an indication of
acne-induced inflammation severity. Percent inflam-
mation reduction (Inf-Red %xt) was taken as the
response variable where it was calculated for each
mouse (x) at time (t) as follows:

%Inf xt ¼ ThicknessLxt�ThicknessRxt
ThicknessRxt

x100 (7)

InfRed%xt ¼ %Inf x0�%Inf xt
%Inf x0

x100 (8)

where %Infxt is inflammation % for a certain
mouse x at time t, ThicknessLxt is the thickness of
mouse x left ear at time t, ThicknessRxt is the thick-
ness of mouse x right ear at time t, %Infx0 is inflam-
mation % at time of treatment application (48 h
post infection). Any negative Inf-Red% was consid-
ered zero. Inf-Red%48 and Inf-Red%72 were statistic-
ally analyzed using two-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test for
determination of homogenous groups. Alpha was
set at 0.05.

3.8.2.5.2. Bacterial load in mice ears. Excised mice ears were
homogenized in sterile saline using DAIHAN
Homogenizer, HG-15D (DAIHAN Scientific, Korea).
Homogenates were then used for estimating viable
bacterial counts using plating serial dilutions
method. Homogenates were cultured on RCM agar
plates under the bacterial culture conditions as
described above in details. Bacterial counts were
expressed as CFU/mL. One-way ANOVA was used
for analysis of CFU data followed by Tukey’s post
hoc test for the determination of homogenous
groups. Alpha was set at 0.05.

3.8.2.5.3. Histological examination. Whole excised mice ears
were stored in 10% formalin solution before prepar-
ing the histological sections using paraffin method
technique. All sections in ascending grades of

ethanol were dehydrated, cleared in xylene, and
then embedded in paraffin wax. Transverse sections
(4–5 mm, thickness) were mounted on glass slides
and stained with hematoxylin and eosin (H&E)
stains. All stained tissue sections were examined for
the evaluation of inflammatory response (Olympus
BX50 microscope, Tokyo, Japan) at a magnification
power of 400� (Taleb et al., 2018).

4. Results and discussion

4.1. Statistical design evaluation

Model evaluation showed satisfactory data. Varying all MixCs
over the same range preserved the simplex shape. This sim-
plex shape offers a less onerous investigation than in case of
polyhedral mixture region (Voinovich et al., 2009). The stand-
ard error associated with variable coefficients in the selected
design was small equal to 0.7 for A, B, and C terms and
nearly equal for AB, AC, and BC (4.07, 4.07, and 3.34, respect-
ively). Multiple correlation coefficient (Ri

2) for different model
terms ranged from 0.301 to 0.4056. This led to variance infla-
tion factors (VIF) of the design points having a range of 1.45
to a maximum of 1.57. The VIF measures how much the vari-
ance of that model coefficient increases due to the lack of
orthogonality in the design. If a coefficient is orthogonal to
the remaining model terms, its VIF is one. VIFs exceeding 10
indicate problems due to multicollinearity. Thus, no problems
due to multicollinearity exist in the selected design (Pat &
Wayne, 2014).

High leverage experimental points, those very close to one
or those with values twice that of the average, will unduly
influence the model fit. At the extreme, a leverage of one
indicates that the model will fit that particular point no matter
what its value. Obviously this should be avoided. Leverage of
a design point can be reduced by replicating it, or by adding
design points. The average leverage equals the number of
model terms, including the constant and block coefficients,
divided by the number of experiments. In this design, the
average leverage is 0.462, which equals 6 terms divided by 13
experiments. None of the design points had a leverage twice
that of the average, and thus no more replicates had to be
done or more design points be added (Pat & Wayne, 2014).

4.2. Characterization and statistical analysis results

Table 1b shows the characterization results of the niosomes
prepared according to the proposed statistical D-optimal
mixture design. The tested trials resulted in a range of mean
response values (each mean is the average of duplicate
measurement of a trial). Mean PS ranged from 95.6 to
320.7 nm, mean ZP ranged from �39.4 to 0.1mV, and mean
EE ranged from 72.5 to 86.3%. Each response was analyzed
individually to obtain a polynomial model describing that
response as a function of MixCs. The DX statistical program
suggests models based on choosing the highest order poly-
nomial with additional significant terms and the model is
not aliased. The proposed design in this study allows for the
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fitting of up to a quadratic model with three df for lack of fit
or special cubic with only two df for lack of fit. The initial
models suggested by the program were further manually
improved case-by-case aiming at increasing the adjusted R2

and the prediction R2 with a non-significant model lack of fit
(Gonnissen et al., 2008; Pat & Wayne, 2014; Habib &
AbouGhaly, 2016). For each final model, a valid lack of fit
test was censured by a four df pure error and a minimum of
three df for lack of fit (Pat & Wayne, 2014).

For PS, DX initially suggested special cubic model with a
very low prediction R2 (predR2) of 0.029. This very low
predR2 was in line with that no transformation of data
(k¼ 1) led to ln residual SS outside the 95% confidence
interval of the minimum ln residual SS (Pat & Wayne, 2014;
Habib et al., 2018; Nageeb El-Helaly et al., 2018). Lambda (k)
is the power to which the response’s results are raised. Thus,
DX suggested a Box-Cox power transformation with k value
of �1 (inverse transformation) (Montgomery, 2013). ANOVA
was reapplied after this power transformation for all PS data
and a special cubic model was re-suggested by DX yet with
predR2 of 0.781. This was further manually improved to a
reduced cubic model with predR2 of 0.936. As for ZP and EE,
DX initially suggested a special cubic model with predR2 of

0.889 and a linear model with predR2 of 0.886 respectively.
These models were manually improved to a reduced cubic
model for ZP with predR2 of 0.978 and a reduced quadratic
model for EE with predR2 of 0.903. All final models for the
three responses had non-significant lack of fit. Final predict-
ive models for the studied responses are characterized and
evaluated in Table 2a.

These final predictive models were used to plot response
model graphs, namely Piepel’s response trace plots (Piepel’s
plots) and contour plots (Figure 2). Piepel’s plots and contour
plots were used for illustrating the effects of MixCs on each
response. The lines in Piepel’s plots represent the effects of
changing each L-pseudo MixC on one of the responses,
while keeping the other two MixCs’ L-pseudo values in a
constant ratio as in the reference blend (Pat & Wayne, 2014).
Each line is drawn by plotting the predicted values of this
response on Y axis upon changing the L-pseudo value of the
respective MixC from 0 to 1 on X-axis. The L-pseudo ratios of
the other components are kept at 1:1, the same as in the ref-
erence blend containing an equal amount of each MixC (1/3,
1/3, 1/3). L-pseudo values of a MixC 0 and 1 correspond to
its level at base and vertex of experimental space respect-
ively. For each response, the lines representing the effects of

Table 2. (a) Coefficient estimates for different model terms appearing in the final equation for each response and their significance, together with each model’s
lack of fit, type, and evaluation.

a)
1/PS ZP EE

Component Coeff. Estimate Df p-value Coeff. Estimate df p-value Coeff. Estimate df p-value

Linear mixture: 2 <0.0001� 2 0.003� 2 <0.0001�
A: Span 20 0.0043 �36.23 85.96
B: Cholesterol 0.0050 �38.44 85.12
C: Cremophor RH 0.0100 �28.49 72.53
AB �0.0023 1 0.2109 — — — —
AC 0.0129 1 0.0005� — — — —
BC — — �23.16 1 0.0193� �12.02 1 0.0554
ABC �0.1482 1 0.0001� 1964.67 1 < 0.0001� — —
Lack of fit 3 0.3901 4 0.0564 5 0.1049
Pure error 4 4 4
Model type Reduced cubic Reduced cubic Reduced quadratic
Model evaluation
RMSE 0.000 1.826 1.344
CV% 8.155 6.735 1.658
R2 0.980 0.991 0.953
Adjusted R2 0.966 0.987 0.938
Prediction R2 0.936 0.978 0.903

Table 2. (b) Predicted values of different responses for the optimized formula compared with the actual values of its two replicated design points (S4 and S12)
together with the prediction intervals and percent deviations.

b)

Predicted values for optimized formula

Two sided 95% prediction interval

Prepared Formulae Actual values Percent DeviationResponse Low High

PS 201.1 157.4 278.3 S4 190.2 5.4
S12 213.9 6.4

ZP �38.4 �43.4 �33.5 S4 �39.3 2.2
S12 �39.0 1.4

EE 85.1 81.5 88.7 S4 85.7 0.7
S12 84.7 0.5

Coeff: Coefficient, RMSE: Root mean square error, CV%: Coefficient of variation percent, R2: Regression coefficient, PS: Particle size (nm), ZP: Zeta potential (mV),
EE: Entrapment efficiency (%).�p-values for significant terms are marked by an asterisk.
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different MixCs intersect at the reference blend (1/3, 1/3, 1/
3). A steep slope or curvature in a line indicates a relatively
high sensitivity of response to that MixC. As a result of the
effects of different MixCs on each response, contour plots

were plotted representing lines of equal response over the
design space (Habib & AbouGhaly, 2016).

These plots make the interpretation of effects of L-pseudo
MixCs more suitable than looking at the coefficients. Each

Figure 2. Piepel’s response trace plots – for (a) particle size, (c) zeta potential and (e) entrapment efficiency – upon changing each MixC L-pseudo value over its
range keeping the ratio of the other two components constant (1:1). Contour plots showing lines of equal responses for: (b) particle size, (d) zeta potential, and (f)
entrapment efficiency over the constrained mixture region.
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MixC coefficient represents how changes in amount of this
MixC will affect the response, yet this effect cannot be practic-
ally isolated from subsequent changes in amounts of other
MixCs. Hence, comes the importance of the so-called mixture
designs. Moreover, presence of significant interactions – even
in factorial or different response surface designs where the
studied factors should be independent in the sense that the
variation in one of them does not affect the others – makes
effects interpretation from the main effects coefficients inad-
equate enough.

4.3. Inference of the statistical analysis results of
different MixCs

4.3.1. PS
PS is a critical factor in vesicles skin penetrability. The smaller
the PS, the higher the ability of the vesicles – whatever their
type – to penetrate skin layers is (Fahmy et al., 2019). Figure
2(a,b) shows the effects of studied MixCs on PS. As shown in
Table 2a, all MixCs have positive coefficients with respect to
inverse PS and also a significant negative interaction AC
existed. Yet, all studied MixCs enter in the interaction ABC
with the very high negative value compared with other coef-
ficients. This leads to the result that all lines in the Piepel’s
plot (Figure 2(a)) have positive parabolic shape. That is the
increase in any MixC leads initially to an increase in PS till it
reaches its maximum value followed by a decrease in PS
with further increment in that MixC. This increase is due to
the pronouncing of interaction ABC as we move toward the
peak of each line. The decrease that occurs after the peak is
due to fading of ABC influence as much increment in one of
the MixCs will eventually be accompanied by considerable
reduction in the other two. It is to be observed that the
three peaks do not exist in the same point of the reference
blend. This is due to the different magnitude of each positive
coefficient relative to the negative ABC coefficient where
MixC C has the highest main coefficient and thus the inflec-
tion in C line is the first to occur with increasing its amount;
that is fading of ABC effect on MixC C happens earliest. If it
was only due to main coefficients this was to be followed by
MixC B having the second value in magnitude of main coeffi-
cient following MixC C, yet this was not the case. This can be
explained by the presence of the other negative interaction
AC. Thus, the start of PS reduction with increase in MixC A
appears before that with MixC B as a result of fading of the
influence of both interactions AC and ABC upon increasing
MixC A. This is followed by the appearance of MixC B peak
as a result of fading of influence of interaction ABC only.
These combined effects of MixCs on PS appear in the con-
tour plot in Figure 2(b). It is observed that the highest PS
lines are concentric in the experimental space approaching
toward the baseline of MixC C. The low PS values are found
near the margins especially near the peak of MixC C.

The initial increase in PS with the increase of span 20
amount is in agreement with Badri et al. (Badri et al., 2015).
However, the reduction in PS with further increase in span 20
can be viewed from the point of its physical state and its HLB,
as they play an important role in PS determination. Low value

of HLB results in smaller PS (Bangham et al., 1965; Khazaeli
et al., 2007). This is because increase in surfactant’s hydropho-
bicity results in reduction in the surface free energy (Yoshioka
et al., 1994). Also, surfactants which have liquid nature pro-
duce particles with smaller size compared with paste and solid
surfactants (Shaker et al., 2017). Thus, increasing Span 20
decreases PS as it has HLB value of 8.6 and is found in liquid
state. The initial increase in PS with the increase of
Cholesterol amount is in agreement with Shaker et al. (2017)
who found that combining Cholesterol with surfactants
increases significantly liposomal size. This was also in agree-
ment with the study reported by Gugleva et al. (2019) and
another by Fetih (2016). This may be attributed to rigidity of
Cholesterol molecule and its shape which increase the width
of the bilayer (Fetih, 2016). The reduction in PS with further
increase of this MixC beyond its peak may be due to the con-
current reduction in other niosomal forming components. The
initial increase in PS with increasing Cremophor RH was also
observed by Abd-Elsalam et al. (2018). Yet the reduction in PS
with increasing Cremophor RH beyond the peak is matched
with the findings of Elsheikh et al. (2018). Generally, PS
decreases by increasing the surfactant concentration may be
due to the interfacial tension reduction and diffusion of the
surfactant into the aqueous phase which facilitate fine drop-
lets formation (Ostertag et al., 2012; Saberi et al., 2013;
Mehrnia et al., 2016). Also, Cremophor RH – as a non-ionic sur-
factant composed of hydrophilic head (35 units of polyethyl-
ene oxide) and hydrophobic tail (ricinoleate) – acts as a
stabilizing agent preventing nanovesicles from aggregation
and so leading to a net result of decreasing average PS
(Madheswaran et al., 2014; Elsheikh et al., 2018).

4.3.2. ZP
ZP is a very important measure of the colloidal systems sta-
bility. When its value is high (around ± 30mV), the system is
considered to be stable as particles have enough charges to
repel each other and so there is no tendency for agglomer-
ation (Abdelbary et al., 2016). Figure 2(c,d) shows effects of
studied MixCs on ZP. As shown in Table 2a, all MixCs had
negative coefficients with respect to ZP and also a significant
negative interaction BC existed. Yet, all studied MixCs enter
in the interaction ABC with very high positive value (ranging
from 51 to 85 times) any of the negative coefficients. This
leads to the result that all lines in the Piepel’s plot have posi-
tive parabolic shape with peaks at reference blend (Figure
2(c)). That is the increase in any MixC leads initially to an
increase in ZP then a decrease. This increase is due to the
pronouncing of interaction ABC as we move toward the ref-
erence blend. The decrease as we move beyond the refer-
ence blend is due to fading of ABC influence as much
increment in one of the MixCs will eventually be accompa-
nied by considerable reduction in the other two. This over-
whelming interaction ABC between MixCs on ZP appears in
the contour plot in Figure 2(d). It is observed that as we
move to the center of experimental space (reference blend
region), the ZP increases and highly negative ZP values are
found in the marginal area.

DRUG DELIVERY 829



Span 20 as a non-ionic surfactant can produce stable disper-
sion by its effect on ZP. This could be explained by molecular
polarization. The surfactant (span) molecules are absorbed onto
the particle or vesicle/water interface which is followed by for-
mation of an electric double layer similar to an ionic layer
(Khalil et al., 2013). Yet for enhancing this charging of particles
and consequently their stability, 0.05% SLS solution was used
for hydration of the niosomal films during preparation (Zhang
et al., 2020). The reduction of ZP with increasing surfactant con-
tent was found by Asasutjarit et al. (2007) too. The reduction of
ZP with increasing Cholesterol content was found by other
researchers too (Asasutjarit et al., 2007; Magarkar et al., 2014;
Zhang et al., 2020). Asthana et al. (2016) proved that when
hydrophilicity of the surfactant increases, the ZP will increase.
Cremophor RH has high hydrophilicity (HLB ¼ 13.5) and so
increasing its amount in the formula increased the negativity of
ZP (Asthana et al., 2016). Yet, Elsheikh et al. (2018) showed that
particles produced using Cremophor RH as surfactant have
negative value of ZP which is not reduced significantly with
increasing Cremophor RH percentage. This is in contrast with
our findings where increasing Cremophor RH amount beyond
the reference blend led to a significant reduction in ZP.

4.3.3. EE
As the vesicles represent the carrier transferring the drug to
skin layers, the higher the amount of drug entrapped within
these vesicles, the higher the drug delivery to the skin layers.
Thus, EE is a critical factor in the delivery of drug with appro-
priate amounts to skin layers (Fahmy et al., 2019). Figure
2(e,f) shows effects of studied MixCs on EE. Figure 2(e) shows
that MixC C (Cremophor RH amount) has the largest effect
on EE, where increasing its amount led to a reduction in EE,
while increasing either span 20 amount (A) or Cholesterol
amount (B) led to an increase in EE. This plot ensures the
invalidity of explaining the effects by looking at the coeffi-
cients in Table 2a. In this table, all the three MixCs have posi-
tive significant coefficients. Yet being a mixture, there is no
practical situation where all the three MixCs can be increased
together. Thus, increasing MixC C is accompanied by a
reduction in either MixC A or B. Consequently, having a posi-
tive coefficient of a less value than that of A or B, the
increase in MixC C will practically lead to a reduction in EE in
contrast to what may have been predicted from its positive
coefficient. These combined effects of MixCs on EE appear in
the contour plot in Figure 2(f). It is observed that the nearer
we move to Cremophor RH (C) baseline near A or B peaks,
the higher EE lines we find.

The increase in EE with increasing Span 20 amount is to
be predicted with increasing the amount of formed nio-
somes. Moreover, having a relatively low HLB of 8.6, span 20
can help in increasing drug accommodation within the nio-
somes. This is in agreement with Ephrem et al. who reported
that the use of span 20 gave nanocapsules characterized by
smaller size and lower PDI with high resistance to drug leak-
age (Ephrem et al., 2014). Cholesterol is one of the compo-
nents that are usually added to increase vesicular stability
(Fetih, 2016). It stabilizes vesicular bilayer and prevents drug
leakage; it also facilitates drug partitioning in the vesicular

structure (Abdelbary & El-Gendy, 2008). The increase in the
EE with increasing the amount of Cholesterol is in line with
the findings of many researchers. This is thought to be due
to Cholesterol intercalation through the bilayers, conse-
quently increasing their hydrophobicity and stability and
thus preventing drug’s leakage (Balakrishnan et al., 2009;
Alomrani et al., 2015; Asthana et al., 2016). The reduction in
EE with increasing Cremophor RH amount can be attributed
to the concurrent reduction of the other two MixCs which
increase EE. This is observed in Figure 2(e) despite of the
positive coefficient of this factor (Table 2a).

4.4. Formula optimization

The ranges of MixCs used resulted in niosomes with ZP rang-
ing from positive to negative values. For achieving best sta-
bility of the optimized formula, the aim was to maximize
absolute value of ZP beside low PS and high EE. Thus, for-
mula optimization was done to achieve a particle size below
220 nm and maximize EE twice; with the ZP goal once to
maximize and the other to minimize. Optimization results –
with criteria of particle size below 220nm, maximizing EE
and ZP – led to a formula with suitable predicted PS and EE
but ZP of only 14.64mV. This ZP is not high enough for cre-
ating enough electrostatic repulsion that prevents possible
aggregation (Mehnert & M€ader, 2001; Mohanraj & Chen,
2006). Optimization results – with criteria of particle size
below 220 nm, maximizing EE and minimizing ZP – led to a
formula with suitable predicted PS, EE, and ZP¼�38.4mV.
Thus, this was the one selected as an optimized formula (OF)
and it was already prepared twice in the selected design as
S4 and S12. The values of different MixCs and responses (PS,
EE, and ZP) for S4 and S12 are shown in Table 2b. The per-
cent deviation of the actual responses values from the pre-
dicted values according to the derived models and the 95%
prediction intervals (upper and lower) (95%PI) are also shown
in Table 2b. From this table, it is clear that the percent devia-
tions of all actual values – for different responses (measured
for the prepared formulae S4 and S12) – from the predicted
values had low and acceptable values. Also, all the actual val-
ues fell within the 95%PI of the predicted values. This verifies
the validity of the derived models (Habib &
AbouGhaly, 2016).

4.5. Transmission electron microscopy

TEM images showed that the prepared OF were spherical,
non-aggregated, and with comparable size to that found
previously by Zetasizer (Figure 3(a)).

4.6. Characterization of of-gel

4.6.1. Physical appearance
The prepared OF-gel was clear and homogenous having no
aggregates or clumps. It was soft and easily spread on the skin.
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4.6.2. Drug content
The drug content was found to be 0.4%w/w.

4.6.3. pH determination
The pH of the diluted OF-gel was 6.74 revealing that it is
safe to the skin and does not produce irritation upon appli-
cation (Omar et al., 2019).

4.6.4. Particle size (PS), polydispersity index (PDI) and
zeta potential (ZP) determination

The prepared OF-gel had PS of 325 ± 1.4 nm which is a bit
larger than Dapsone niosomes with PDI ¼ 0.402 ± 0.072 and
ZP¼�25.6 ± 0.2. This slight increment in PS over the OF
might be due to carbopol swelling or formation of carbopol
layer along the niosomal surface. Low values of PDI and
negative ZP suggested increased stability and absence of
vesicle aggregation in the OF-gel (Allam et al., 2021; Shinde
& Kanojiya, 2014).

4.6.5. Imaging by transmission electron microscope (TEM)
TEM images showed that the prepared OF-gel vesicles main-
tained their morphological structures after incorporation
within the gel and with comparable size to that found previ-
ously by Zetasizer (Figure 3(b)). The Dapsone niosomes were
evenly distributed inside the gel network which might be
due to appropriate ZP on the vesicles surfaces (Said
et al., 2017).

4.6.6. Rheological study
In Figure 3(c), it is clear that the viscosity decreases upon
increasing the shear rate indicating a shear thinning system.
Also, the flow index (n) value of the power law formula was
smaller than one (n¼ 0.3368). Thus, the OF-gel follows a
non-Newtonian and shear thinning behavior. A shear thin-
ning formula is highly suitable for topical and transdermal
application as viscosity decreases during rubbing the gel on
skin, so it is easily spread on skin (Fahmy et al., 2018).

Figure 3. (a) Transmission electron micrograph of optimized Dapsone niosomal formula after negative staining using 2% phosphotungstic acid, (b) Transmission
electron micrograph of optimized formula gel after negative staining using 2% phosphotungstic acid and (c) Optimized formula gel rheological characterization.
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4.7. In vivo evaluation

4.7.1. In-vivo skin penetration using confocal laser scan-
ning microscopy

The flourescence photomicrograph is shown in Figure 5(a). In
this figure, it is clear that the fluorescence of the dye
appears to penetrate deep in skin layers that it had reached
the dermis layer (up to 84.6lm) (Azzi et al., 2005). This is
related to the nature of the optimized enhancer containing
niosomes that enables their interaction with the stratum cor-
neum. This ensures the success of the proposed formula in
penetrating different skin layers, which suggests its potential
in the topical treatment of acne.

4.7.2. In-vivo evaluation of OF-gel in acne inflamma-
tory model

4.7.2.1. Ear inflammation and microcomedon size. Acne
vulgaris pathogenesis in humans is multifactorial with a
strong association with skin (Murillo & Raoult, 2013;
Platsidaki & Dessinioti, 2018). Several animal inflammatory
acne models including rat, rabbit, and mouse models have
been used as reviewed in Mirshahpanah and Maibach (2007).
In mice, inflammatory immune responses have been
observed using different mice strains (Nakatsuji et al., 2008;
An et al., 2014; Ryu et al., 2015). Many researchers used
inflammation percent after a specific time post-treatment
compared with control as a final output variable. Others

Figure 4. Diagrammatic representation for the in vivo evaluation.
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used inflammation percent reduction calculated relative to a
control group as a final output variable for inflammation
reduction (Budhiraja & Dhingra, 2015). Yet, we think this is
not representative enough as individual variation will lead to
a different inflammation response in each animal at zero
time after infection and before treatment starts. Thus, in this
current work, the inflammation reduction % (Inf-Red %) was
taken as the response variable to be measured. This allows
each mouse to act as his self-control as shown in Equations
(7) and (8). Statistical analysis of Inf-Red % results showed
that the two performed blocks were non-significantly differ-
ent from each other. On the other hand, OF-gel-T-gp showed
significantly higher Inf-Red % than UT-gp and A-T-gp which
were non significantly different from each other (Figure 5(b)).
This proves the capability of the proposed OF-gel to success-
fully treat the ear infection, as manifested by the higher
inflammation reduction than both negative and positive con-
trols. As for time effect, Inf-Red %72 was significantly higher
than Inf-Red %48.

4.7.2.2. Bacterial load in mice ears. Statistical analysis
showed that bacterial load of C. acnes (expressed as log
CFU/mL) in mice ears after 72 h of treatment was reduced in
OF-gel-T-gp and A-T-gp (�104 CFU/mL) compared with UT-gp
(�106 CFU/mL) (Figure 5(c)). There was no significant

difference between OF-gel-T-gp and A-T-gp showing compar-
able reduction in the bacterial load after 72h of treatment,
and thus OF-gel showed comparable results to an antibiotic
of known effectiveness in acne treatment and widely used in
the market.

4.7.2.3. Histological examination. Figure 5(d) shows histo-
pathological evaluation of left ear healing after 72 h in the
three groups compared with uninfected right ear. OF-gel
seemed to restore the normal histology of mouse ear tissue
as the infected OF-gel treated ears showed normal basal
layer and dermal blood vessel. The healing effect was super-
ior to the infected AknemycinVR -treated ears that showed
contact dermatitis characteristics such as dermal hemor-
rhage. In comparison, uninfected control group ears showed
normal histology of ear tissue with the absence of inflamma-
tory infiltrate and edema, while infected untreated control
ears showed necrotic dermatitis characteristics such as: sever
dermal necrosis, Malpighian layer atrophy, and lympho-
cytic infiltrate.

5. Conclusions

The D-optimal mixture design used for the preparation of
Dapsone enhancer containing niosomes was a sensible

Figure 5. (a) The flourescence photomicrograph of mouse skin taken using confocal laser scanning microscopy. (b) Percent inflammation reduction after 48 h
and 72 h in UT-gp, A-T-gp, and OF-gel-T-gp. (c) Cutibacterium acnes counts in mice ears (represented as colony forming unit (CFU) per mL) at the end of the
experiment for UT-gp, A-T-gp, and OF-gel-T-gp. (d) Digital photographs for histopathological evaluation of mice ears at the end of the experiment; (i) healthy
control untreated (right ear) where normal histology of ear tissue is shown with absence of inflammatory infiltrate and edema, (ii) infected untreated ear show-
ing necrotic dermatitis characteristics such as sever dermal necrosis (arrow head), malpighian layer atrophy, and lymphocytic infiltrate (arrow), (iii) infected
AknemycinVR treated ear showing contact dermatitis characteristics such as dermal hemorrhage (arrow head) and congested blood vessel (arrow), and (iv)
infected OF-gel treated ear showing normal histology of mouse ear tissue with basal layer and congested dermal blood vessel (arrow). Ear tissue sections were
stained with hematoxylin and eosin stain and all images are 400� magnification. [UT-gp: untreated group, A-T-gp: AknemycinVR treated group and OF-gel-T-gp:
Optimized formula-gel treated group]
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choice. The studied responses could be adequately mod-
eled with non-significant lack of fit and prediction R2 val-
ues of 0.936, 0.978, and 0.903 for inverse particle size
reduced cubic model, zeta potential reduced cubic model,
and entrapment efficiency reduced quadratic model,
respectively. Exploring the Piepel’s plots demonstrated the
practicality of mixture design for explanation of the simul-
taneous influences of studied variables on different
responses. The optimized formula with components: span
20, Cholesterol, and Cremophor RH of 160, 100, and
60mg, respectively, had predicted values for PS, ZP, and
EE of 201.1 nm, 38.4mV, and 85.1%, respectively. This opti-
mized formula was already prepared twice as S4 and S12
whose actual values of different responses swerved slightly
from predicted ones and this was in accordance with the
high prediction R2 values of the final derived models.
Optimized formula gel showed suitable in vitro character-
ization with shear thinning behavior and deep in vivo skin
penetration as verified by Confocal Laser Scanning
Microscopy. In vivo testing of the optimized formula gel
for topical treatment of C. acnes infected BALB/c mice
showed superior results in comparison to AknemycinVR

treated and untreated groups. It resulted in significantly
higher inflammation reduction percent than the other two
groups, with lower bacterial count than untreated group
and histological examination comparable to uninfected
ear. These results showed that using D-Optimal mixture
design was a suitable tool for optimization of Dapsone
niosomal formula. This optimized formula gel was effective
in treating Cutibacterium acnes infected mice. Further
investigations will be needed for testing this effectiveness
in the treatment of human acne.
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