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Purpose: The goal of this research was to enhance the transdermal delivery of lornoxicam 
(LX), using nanovesicular carriers composed of the bile salt sodium deoxycholate (SDC), 
soybean phosphatidyl choline (SPC) and a permeation enhancer limonene.
Methods: Thin-film hydration was the technique employed for the fabrication using a Box– 
Behnken design with three central points. The investigated factors were SPC molar concen-
tration, SDC amount in mg and limonene percentage (%). The studied responses were 
percent entrapment efficiency (%EE), particle size (PS), polydispersity index (PDI), zeta 
potential (ZP), and in vitro drug release (after 2, 10 h). In order to obtain the optimum 
formula, numerical optimization by Design-Expert® software was used. Electing the opti-
mized bilosomal formula was based on boosting %EE, ZP (as absolute value) and in vitro 
drug release, taking in consideration diminishing PS and PDI. Further assessment of the 
selected formula was achieved by transmission electron microscopy (TEM), differential 
scanning calorimetry (DSC), Fourier transform infrared spectroscopy (FTIR), stability test-
ing, ex vivo skin permeation and deposition. The in vivo pharmacodynamics activities of the 
optimized formula were examined on male rats and mice and compared to that of the oral 
market product.
Results: The optimized bilosomal formula demonstrated to be nonirritant, with noticeably 
enhanced anti-inflammatory and antinociceptive activities. Superior in vivo permeation was 
proved by confocal laser scanning microscopy (CLSM).
Conclusion: The outcomes demonstrated that bilosomes could improve transdermal deliv-
ery of lornoxicam.
Keywords: lornoxicam, permeation enhancer, factorial design, confocal laser scanning 
microscopy, antinociceptive

Introduction
Recent techniques in drug development programs have guided the introduction of 
many molecules with insignificant aqueous solubility and inadequate bioavailability 
profile into the market.1 Low aqueous solubility not only yields irreproducible 
therapeutic effect, but also wastes large amounts of drugs.2 It was stated that 70% 
of the new drug candidates were discarded in early stages due to poor solubility in 
water before they ever reached the pharmaceutic department.3 Poor solubility also 
causes bioavailability problems due to the unexpected sedimentation of drugs in 
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aqueous biological fluid. Nanotechnology provides many 
benefits to old-style drug design, delivery and medical 
diagnostics. There has been recent achievement in the 
use of nanoparticles as platforms or carriers for poorly 
soluble drugs.

Lornoxicam is an oxicam derivative and belongs to non-
steroidal anti-inflammatory drugs (NSAIDs).4 Its shows 
powerful analgesic and antipyretic effects owing to its non-
selective inhibition of COX-1 and COX-2.5,6 It is used in 
rheumatoid arthritis, osteoarthritis, sciatica, dental pain and 
postoperative pain management.7,8 It has insignificant aqueous 
solubility and rapid clearance (t0.5=3–4 h). It has potential 
gastrointestinal, liver, cardiac and renal toxicities.9 Many 
approaches were previously used to overcome the side effects 
of LX such as liposomes,9 proniosomal gel,10 and niosomes.11

Transdermal delivery system provides an approach to 
avoid the side effects of NSAIDs and extend duration of 
action. Stratum corneum (SC) represents the barrier which 
protects the skin and prevents the absorption of drugs. 
However, recent technologies provide several approaches to 
transverse SC especially through nanosystems such as 
liposomes,12 ethosomes,13 transferosomes,14 and bilosomes.15

Bilosomes (bile salts stabilized vesicles) represent a 
recent vesicular carrier that was first described by 
Conacher et al.16 They are closed vesicles composed of 
nonionic surfactant resembling niosomes but containing 
bile salts.15 Bilosomes provide a significant oral delivery 
of vaccines because they provide better protection 
against gastrointestinal bile salts and enzymes.17–19 

Bilosomes have nanosized PS which is required for 
optimum transdermal delivery.15 The use of negative 
charged bile salts (like sodium deoxycholate) results in 
increased stability of the formed vesicular system. It also 
has a fluidizing effect which would enhance transdermal 
delivery. Limonene is a lipophilic terpene which can 
improve skin permeation by interacting with stratum 
corneum lipids. The employment of a bilosomal system 
for transdermal delivery revealed an enhanced perme-
ability through SC which is a necessary requirement for 
transdermal delivery.15 Moreover, its safety was pre-
viously confirmed through histopathological study.15

Factorial designs provide an excellent solution for 
indicating response and interaction of many factors. It 
also allows numerical optimization which permits discov-
ery of the best formula through preferred condition of each 
response.20

For our knowledge the employment of bilosomes to 
enhance transdermal delivery of lornoxicam has not been 

mentioned before. The goal of this study is to formulate a 
sustained release bilosomal system through a Box–Behnken 
design followed by numerical optimization and characteri-
zation of the selected formula. Ex vivo permeation study of 
the optimized bilosomal formula was conducted in order to 
assess permeation parameters of LX from this system. Skin 
irritancy test and histopathological study was conducted to 
ensure the safety of the formed bilosomes to human skin. 
Efficacy was tested through studying the anti-inflammatory 
effect, antinociceptive activity and in vivo permeation of the 
optimized bilosomal formula.

Materials and Methods
Materials
LX received as a gift from Delta Pharma, 10th of Ramadan 
City, Cairo, Egypt. Bile salt sodium deoxycholate (SDC), 
soybean phosphatidyl choline (SPC), limonene, chloroform, 
methanol, acetonitrile (HPLC grade) and rhodamine B were 
bought from Sigma Chemical Company. Ethanol (95%) was 
provided from El-Nasr Pharmaceutical Chemicals Co. 
(Cairo, Egypt). All other chemicals and solvents were of 
analytical grade and were used as received.

Methods
Construction of LX-loaded Bilosomes
Bilosomes of LX were constructed using a SDC, SPC and 
limonene based on thin-film hydration technique15,21 with 
slight modification. Concisely, LX (8 mg), SPC (0.02, 
0.04, or 0.06 M) and limonene (0.25, 0.5, or 0.75%) 
were precisely weighed and mixed using (10 mL) 
chloroform and methanol combination (2:1) in a one-liter 
round-bottomed flask. The organic phase was gradually 
vaporized under vacuum at 60±0.5°C for (15 min) using 
a rotary evaporator (Rotavapor, Heidolph VV 2000, 
Burladingen, Germany) at 120 rpm. The formed thin film 
was then rehydrated with 10 mL phosphate buffer (pH 7.4) 
containing SDC (10, 20, or 30 mg) at 60±0.5°C for half an 
hour under atmospheric pressure. Table 1 shows the struc-
ture of the constructed bilosomes formulae (T1–T15).

Experimental Design for LX-loaded Bilosomes
Box–Behnken with three central points for each formula 
was used for preparing investigated formulae (T1-T15). 
The independent variables studied were: (A) SPC molar 
concentration at three levels; (B) SDC amount at three 
levels; and (C) limonene percentage at three levels. 
These levels were described as (−1, 0, +1) and their 
matching concrete values are given in Table 2. Selection 
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of these levels was based on preliminary trials. But addi-
tional variables such as: amount of drug (8mg), hydration 
volume (10 mL), temperature of both hydration and film 
preparation were kept untouched. The investigated depen-
dent variables were: percent entrapment efficiency (%EE), 
particle size (PS), polydispersity index (PDI), zeta poten-
tial (ZP), and in vitro release (after 2, 10 h) (Y1, Y2, Y3, 
Y4, Y5, Y6, respectively). ANOVA to realize the signifi-
cance of each factor was done by Design-Expert® soft-
ware version 7 (Stat-Ease, Inc., Minneapolis, MN, USA).

In vitro Characterization of LX-loaded Bilosomes
Percent Entrapment Efficiency (%EE) 
The %EE of LX was calculated indirectly by measuring the 
free LX (nonencapsulated LX) in the dispersion medium. One 
milliliter of dispersion medium was subjected to centrifugation 
via a cooling centrifuge (3K30, Sigma, Germany) at 15,000 
rpm for one hour at 4°C. The supernatant was detached, diluted 
with ethanol (95%). The concentration of free LX was spectro-
photometrically calculated (Shimadzu, model UV-1601 PC, 
Kyoto, Japan) at λmax 381 nm via the calibration curve 
(n=3, R2=0.9999). Each formula was tested three times. The 
%EE was computed using the subsequent formula:21–23

%EE ¼
total amount of LX � total amount of free LXð Þ

total amount of LX
X100

(1) 

Total amount of LX is the actual weighed amount (8 mg), 
total amount of free LX (amount of LX in supernatant)

Particle Size (PS), Polydispersity Index (PDI) and Zeta 
Potential (ZP) 
At the beginning the dispersions were subjected to suitable 
dilution by deionized water.24 Then, the mean PS, ZP, and 
PDI of the constructed formulae were obtained by 
Zetasizer Nano ZS (Malvern Instruments, Malvern, UK) 
using the dynamic light-scattering technique at (25±2°C) 
employing a helium-neon laser with a wavelength of 633 
nm. Each formula was assessed in triplicate.

In vitro Release Studies 
Bag diffusion technique was adopted for determination of 
LX in vitro release.23,25 Briefly, a dialysis bag (immersed 
overnight in release medium) containing 2 mL (equivalent 
to 1.6 mg LX) of each formula or LX suspension was then 
positioned in 50 mL release medium (phosphate buffer 
pH=6.8) in amber bottles. Bottles are then positioned in 
shaker functioning at fixed temperature of (37±0.5°C) and 
at 100 rpm.23,26 Samples of 3 mL were removed from the 
medium at interval of (0.5, 1, 2, 4, 6, 8, 10, and 24 h) and 
substituted with equivalent volume of newly formed 
release medium to preserve sink state. Percentage of drug 
released was calculated and charted against time. The 
percentage released was carried out by spectrophotometric 
measurement (Shimadzu, model UV-1601 PC, Kyoto, 
Japan) at λmax 381 nm using the calibration curve (n=3, 
R2=0.9995). The drug release profiles were tailored to 
zero, first, and Higuchi diffusion models.27 The largest 
coefficient (R2) suggests the appropriate model.28

Choosing the Optimized Bilosomal Formula
Numerical optimization by Design-Expert® software ver-
sion 7 (Stat-Ease, Inc., Minneapolis, MN, USA) was used 
to determine desirability taking into consideration the sig-
nificant factors and avoiding the nonsignificant ones. 
Choosing this formula was based on maximizing %EE, ZP 
(as absolute value) and in vitro release, in addition to mini-
mizing PS and PDI. The formula with highest desirability 
(closest to one) was taken for further examination.21

Characterization of the Optimized Bilosomal 
Formula
Lyophilization of the Optimized Bilosomal Formula 
Firstly, optimized bilosomal formula was frozen at (−20°C) 
followed by lyophilization at (−45°C) under lowered pres-
sure for (24 h) (Novalyphe-NL 500 freeze-dryer, Savant 
Instruments, NY, USA).

Table 2 Box–Behnken Design Used for Optimization of 
Bilosomal Formulae

Factor (Independent Variable) Level

−1 0 +1

A: SPC molar concentration (M) 0.02 0.04 0.06
B: SDC amount (mg) 10 20 30

C: limonene percentage (%) 0.25 0.5 0.75

Response (Dependent Variable) Desirability Constraints

Y1: %EE Maximize
Y2: PS (nm) Minimize

Y3: PDI Minimize

Y4: ZP (absolute value) (mV) Maximize
Y5: % in vitro release (2 h) Maximize

Y6: % in vitro release (10 h) Maximize

Abbreviations: %EE, percent entrapment efficiency; PDI, polydispersity index; PS, 
particle size; SDC, sodium deoxycholate; SPC, soybean phosphatidyl choline; ZP, 
zeta potential.
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Differential Scanning Calorimetry (DSC) 
Thermal characters of LX, SDC, limonene, SPC and lyo-
philized optimized bilosomal formula were acquired by 
heating (3–4 mg) of each sample to (350°C) in a nitrogen 
environment in an aluminum pan at a scanning rate of (10° 
C/min), Thermograms were recorded by (DSC7, Perkin- 
Elmer, Waltham, MA, USA.29

Fourier Transform Infrared Spectroscopy (FTIR) 
Bruker FTIR spectrophotometer (Model 22; Bruker, 
Coventry, UK) was used to assess the possibilities of 
drug-excipient interaction. The samples of LX, SDC, 
SPC, and lyophilized optimized bilosomal formula were 
made by KBr pellet technique and were studied at trans-
mission mode over wave number from 4000 to 400 cm−1.

Transmission Electron Microscopy (TEM) 
The morphological appearance of the optimized bilosomal 
formula was studied using TEM (Jeol JEM1230, Tokyo, 
Japan) after proper dilution. One drop of the optimized 
dispersion was adsorbed on copper grid, stained with 1% 
phosphotungstic acid which provides a negative charge 
and then dried at (25±0.5°C) for 10 min prior to TEM 
scanning.

Gel Formation
An accurate amount of carpabol (1% w/w) was added 
slowly to the optimized bilosomal formula or LX suspen-
sion and stirred continuously using a magnetic stirrer to 
form a gel. The gel was stored overnight in the refrigerator 
to obtain a clear gel.30

Effect of Storage
To determine the consequence of storage on optimized 
bilosomal formula, it was kept in a firmly capped glass 
vial and stored at (4–8°C) for three months.31 By the end 
of storage period, it was assessed with respect to its 
appearance, %EE, PS, ZP and percent released (2, 10 h). 
All tests were done in triplicate.

HPLC Detection of LX
Previously stated validated HPLC method was adopted32 

with slight modification. The device consisted of an 
Agilent 1260 infinity series connected to a DAD detector 
with a quaternary pump and an injector. The study was 
performed using RP-C18 column (250 X 4.6 mm ODS (2), 
spherisorb 5 mm). Mobile phase comprised of (acetoni-
trile: water) in (70:30) ratio. Mobile phase was previously 
subjected to sonication, filtration and degassing then run at 

velocity of 1 mL/min at room temperature. LX was iden-
tified at 381 nm and the injection volume was 20 μL. 
Validation of method was carried out in terms of linearity, 
precision, and accuracy with regression coefficient 
(R2=0.9996).

Ex vivo Permeation and Skin Deposition Studies
The study performed was agreed by Research Ethics 
Committee (REC), Faculty of Pharmacy, Cairo 
University (approval number PI 2377), followed Guide 
for Care and Use of Laboratory Animals published by 
the US National Institute of Health (NIH Publication No. 
85–23, revised 2011). This examination was accomplished 
by skin from anesthetized recently born albino rats. The 
residual attaching fat was removed by isopropyl alcohol. 
Then the skin was rinsed with deionized water, covered 
with aluminum foil then preserved at (– 20°C).33 The skin 
was attached to one end of the open-ended tube and a 
certain amount of donor medium (optimized bilosomal gel 
or LX suspension gel) containing an equivalent amount of 
1.6 mg of LX was added. Phosphate buffer (pH=6.8) 
resembled the receptor medium. At planned intervals (1, 
2, 4, 6, 8, 10 h) samples of (0.5 mL) were removed and 
substituted quickly with new receptor medium to maintain 
sink condition. LX was quantified in the withdrawn sam-
ples using the aforementioned HPLC method. A plot of the 
amounts of LX permeated through the membrane per unit 
area (µg/cm2) vs time (h) was drawn. Cumulative amount 
of LX permeated through the membrane per unit area after 
10 h (Q10h), average flux value after 10 h (Jmax), the 
enhancement ratio (ER) and amount retained in skin after 
10 h were determined for both optimized bilosomal gel 
and LX suspension gel. All studies were performed in 
triple. The flux (Jmax) and the enhancement ratio (ER) 
were calculated from the following equations.34,35

Jmax ¼
Amount of drug permeated

Time X Area
(2) 

ER ¼
Jmax of formulation

Jmax of Plain gel controlð Þ
(3) 

Parameters of flux are: cumulative amount of LX perme-
ated, total time of experiment and area of membrane. At 
the end of the permeation study, Skin samples were 
washed cautiously with 10 mL normal saline to get rid 
of the adhering gel formulation.36 After that, samples were 
cut into pieces and sonicated in 50 mL phosphate buffer 
pH=6.8 for 30 min to leach out the deposited drug. The 
samples were centrifuged and the supernatant was filtered 
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through a 0.45 µm membrane filter and measured by 
HPLC.

In vivo Evaluation
Evaluation of Anti-inflammatory Activity 
This test was done according to Ammar et al.37 Four groups 
of male Wistar rats (200±50 g) each containing six rats were 
used. No medication was given to group I (negative control 
group). Market oral LX tablets (Lornox® tablet) was given 
to group II. Third and fourth groups received placebo and 
optimized bilosomal gel respectively after shaving their 
backs. Observation of all groups was done at the same 
time. Four percent formaldehyde solution was used to 
induce localized inflammation through sub-plantar injection 
of 0.1 mL into the left footpad of the rat’s hind paw, 30 min 
before drug administration to ensure maximum edema was 
acquired.38 Edema size was measured by plethysmometer at 
(0, 1, 2, 4, 6, 24, 48, and 72 h).39

Evaluation of Antinociceptive Activity 
Analgesic action was examined through abdominal constric-
tion induced by acetic acid.37 However, this technique was 
subjected to some alteration stated by Adzu et al.40 Mice (25 
±5 g) were divided into three groups (four mice per group). 
The first group received no treatment (negative control). 
Market product (Lornox® tablet) was received by the second 
group. The third group received optimized bilosomal gel 
after shaving their back. Each mouse was injected with a 
single dose of 10 mL/kg of 0.7% aqueous solution of acetic 
acid via intraperitoneal route 30 min following the drug 
application. Each mouse was located in a clear observation 
cage. Abdominal constriction (stretching of hind limbs) 
within 5 and 15 min after injection of acetic acid was con-
sidered. Activity was indicated as percent reduction of noci-
ception (reduction in attacks of writhing) between three 
groups.41

Skin Irritancy Test 
Potential localized reaction between the optimized biloso-
mal gel and the skin was examined through skin irritancy 
test. Briefly, Wistar rats (200±50 g) were divided into two 
groups each containing three rats. The backs of all the rats 
were shaved. No medication was given to the first group 
(negative control group). Optimized bilosomal gel was 
applied on the shaved back of the second group. Both 
groups were examined visually for any modification, as 
erythema, for 48 h. Skin irritation of the both groups was 
observed according to Draize scale as follows: 0 points: no 

erythema, 1 point: very slight erythema, 2 points: well 
defined erythema, 3 points: moderate to severe erythema, 
and 4 points: severe erythema.42

Histopathological Study 
Possible ultrastructural modifications and irritation reactions 
in the skin after application of the optimized bilosomal gel 
were assessed through histopathological study. Briefly, three 
groups of male Wistar rats (200±50 g) each containing four 
rats were used. Group I received normal saline (negative 
control). Group II took optimized bilosomal gel. Group III 
acted as positive control through application of the irritating 
agent isopropanol. Application of each medication was con-
tinued for one week, three times daily. The skin was then 
removed for evaluation as mentioned by Bancroft et al.43 

Briefly, skin was preserved in 10% formalin for one day then 
rinsed with water and dehydrated by serial dilutions of alco-
hol (methyl, ethyl, and absolute ethyl). Later, cleared by 
xylene then embedded in paraffin beeswax blocks and stored 
at 56°C for 24 h, whereupon 4-mm thick sections were sliced 
by a microtome (Leica Microsystems SM2400, Cambridge, 
UK), deparaffinized, stained with H&E and then examined 
via a light microscope.

In vivo Permeation 
The penetration depth of bilosomes through the mice skin was 
assessed via confocal laser scanning microscopy (CLSM, 
LSM 710, Carl Zeiss, Jena, Germany).44,45 Rhodamine B 
(RhB) was loaded in the formula instead of LX at concentra-
tion of (0.1 w/w %) then applied as gel on albino mice skin 
(0.5 g) for three hours, 0.1% w/w RhB solution gel was used as 
a reference. The mice were then sacrificed by cervical disloca-
tion. The skin was carefully removed, washed with 10% 
ethanol then lightly wiped.46,47 The excised skin was inserted 
between a glass slide and a cover slip. The sample slides were 
then investigated using CLSM to estimate the penetrative 
depth of RhB bilosomal gel and compared to RhB solution 
gel. RhB fluorescence was excited at λmax=485 nm and 
distinguished at λmax=595 nm.46

Result and Discussion
Analysis of Factorial Design
Factorial designs have the ability to determine the conse-
quence of several factors on the characters of delivery 
systems.48 Each response was tested individually and tailored 
to various order models.49 For all the examined responses, 
the predicted R2 values were in sensible harmony with the 
adjusted R2, as shown in Table 3. Adequate precision (>4) 
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was obtained in almost all responses navigating that the 
model is valid to lead the design space.21

Effect of Preparation Variables on %EE
Encapsulating significant quantity of LX is a meaningful 
character of bilosomes for its promising use as a transder-
mal delivery system. The %EE fluctuated between (57.11 
±0.81 and 85.77±1.26%), as shown in Table 1. ANOVA 
analysis indicates that factor A (SPC molar concentration) 
had a positive significant effect, while factor B (SDC 
amount) and factor C (limonene percentage) had a nega-
tive significant effect. The effects of all factors are graphi-
cally clarified as cube plots, Figure 1A.

Considering factor (A), increasing the molar ratio of 
SPC would increase the lipophilicity of the vesicular sys-
tem, boosting the entrapped drug (%EE).8 Regarding fac-
tor (B), the increase in concentration of bile salts would 
lead to formation of micelles within the dispersion med-
ium which lead to improved drug solubility in dispersion 
medium, thus lowering the %EE.50,51 In addition, bile salts 
at high concentration have a fluidizing effect on the lipid 
bilayers of the vesicles, which results in loss of the 
entrapped drug.17,52 The effect of factor (C) could be 
explained as permeation enhancer that would raise the 
solubility of the drug and the fluidity of lipid bilayers 
which would lead to leakage of entrapped drug.53,54

Effect of Preparation Variables on PS
Decreasing PS is vital for permeation through skin.55 PS 
ranged from (155.5±6.65 to 230.2±2.69 nm), results are 
presented in Table 1. ANOVA analysis showed that both 
factor A (SPC molar concentration) and factor B (SDC 
amount) had positive significant effect, however, factor C 
(limonene percentage) had no significant effect. The 

influences of factor A (SPC molar concentration), B 
(SDC amount) are shown by interaction plot, Figure 1B.

Factor A could be explained on the basis that SPC has 
a bulk structure resulting in increasing the PS. In addition, 
there is a straight connection between %EE and PS since 
raising PS would increase the space allowed for the lipo-
philic drug to be encapsulated.56 Therefore, increasing the 
amount SPC (factor A) would increase the lipophilicity of 
the medium consequently, increase both %EE and PS. 
Considering factor B (SDC), bile salts have a negative 
charge. Therefore, increasing the concentration of bile 
salts would lead to formation of vesicles with large nega-
tive ZP values. Consequently, repulsion between the 
bilayers occurred leading to increase in PS.34 In addition, 
bulkiness effect of SDC due to its steroid-like structure 
would lead to an increase in PS.54

Effect of Preparation Variables on PDI
PDI indicates the similarity of the mixture as it becomes 
close to 0.8,57 PDI of all prepared formulae varied from 
(0.20±0.01 to 0.43±0.01), results are presented in Table 1. 
These results ensure the suitable dispersion homogeneity. 
However ANOVA factorial results showed that no factor 
had significant effect on PDI.

Effect of Preparation Variables on ZP
ZP indicated the stability of preparation in terms of electric 
repulsion. Usually, system with ZP around ±30 mV is con-
sidered stable.58 ZP of values from (−21.2±3.25 to −40.4 
±2.40) explained that all formulae had enough charge to 
prevent aggregation of particles. ANOVA analysis showed 
that factor A (SPC molar concentration) had a negative sig-
nificant effect, while factor B (SDC amount) had a positive 
significant effect. Factor C (limonene percentage) had no 

Table 3 Output Data of Box–Behnken Factorial Analysis

Response R2 Adjusted 
R2

Predicated 
R2

Adequate 
Precision

Significant 
Factors

Final Coded Equation

%EE 0.9381 0.9037 0.8218 19.060 A, B, C, AC, C2 %EE=72.93+7.15A – 3.11B–2.14 C 

+2.44AC–2.77C2

PS (nm) 0.9702 0.9653 0.9524 38.583 A, B PS=194.19+29.09A+8.02B

ZP (mV) 0.9702 0.9621 0.9446 32.488 A, B, A2 ZP=36.3–5.91A+3.44B–4.36A2

% drug released (2 
h)

0.8806 0.8481 0.7556 16.373 A, C, BC % Release (2 h)=32.32–3.93A+3.14C 
+2.48BC

% drug released 
(10 h)

0.8695 0.8339 0.7637 14.811 A, C, A2 % Release (10 h)=51.53–8.51A+6.19C 
+7.26A2

Abbreviations: %EE, percent entrapment efficiency; PS, particle size; ZP, zeta potential.
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significant effect. The influence of factor A (SPC molar con-
centration) and B (SDC amount) are illustrated by interaction 
plot, Figure 1C.

Factor A could be explained on the basis that SPC is 
neutral in nature,59 while SDC is anionic.54 In other words, 
increasing the molar ratio of SPC would decrease the net 
charge of the bilosomal system. Considering factor B, it 
was noticed that the absolute ZP value enlarges upon 
raising the bile salts concentration due to its anionic 
nature.54,60

Effect of Preparation Variables on in vitro Release 
(Percent Drug Released at 2 and 10 h)
In order to distinguish between different formulae, in vitro 
release profile for all preparation was done. Figure 2 shows 
complete LX release profiles. All release profiles were com-
pared to LX suspension. Release from bilosomes formulae 
was significantly faster (p<0.05) than LX suspension. 

ANOVA analysis indicates that factor A (SPC molar con-
centration) had a negative significant effect at 2 and 10 h, 
while factor C (limonene percentage) had a positive signifi-
cant effect at 2 and 10 h Factor B had a positive significant 
effect at two hours only. The effects of these factors are 
revealed in Figure 1D and Figure 1E.

The effect of factor A might be explained in terms of 
lipophilicity. The %EE determines the capability of the 
vesicle to retain the drug. The more the drug is retained 
inside the system, the slower the release.8 Since LX is 
highly lipophilic, it would prefer to remain within lipophi-
lic system than release medium. The effect of factor (B, C) 
could be explained through enhancement of fluidity of 
bilayer by bile salt and penetration enhancer effect.17,52,53

It is important to explain that bilosomal systems show 
biphasic release profile with initial burst followed by sus-
tained release. Desorption of LX from the surface of 
bilosomal system is responsible for initial burst phase. 

Figure 1 Response-plots for the effect of factor A: soy phosphatidyl choline (SPC) molar concentration (M), B: Sodium deoxycholate (SDC) amount (mg), C: limonene 
percentage (%) on (A) %EE, (B) PS and (C) ZP (D) percent drug released (two hours) and (E) percent drug released (ten hour).
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Sustained phase was due to high affinity of LX (lipophilic 
drug) to the bilosomal system. The Higuchi diffusion 
model is the most suitable model for tested formulae 
(highest r-square).28

Validation of Optimization Process
The composition of the optimized bilosomal formula as 
obtained by numerical optimization was (SPC molar con-
centration=0.02 M, SDC amount=10 mg and limonene 
percentage=0.47% with desirability=0.736). To ensure 
practical validity, the results of the observed and predi-
cated responses in terms of %EE, PS, ZP, percent drug 
released (2, 10 h) were compared, as shown in Table 4. 
The small percent deviation as an absolute value between 
observed and predicated results proves the validation of 
our models.

TEM Microscopy
TEM is an important method to prove the results of Malvern 
particle size analyzer.61 Three bilosomes were measured 
(168.84±2.30). A photomicrograph of optimized bilosomal 
formula is presented in Figure 3. Results showed that vesi-
cles are spherical, homogenous with no agglomeration.

Differential Scanning Calorimetry (DSC)
DSC thermogram of LX, SDC, limonene, SPC and lyophilized 
optimized bilosomal formula are shown in Figure 4. DSC 
thermogram of LX displayed the characteristic exothermic 
peak at 232°C. SDC thermogram showed an exothermic 
peak at 214°C.62 Limonene thermogram revealed two 
endothermic peaks at 72.72°C and 188.2°C. SPC thermogram 
revealed an endothermic peak at 165°C. The disappearance of 
LX peak ensures total entrapment of LX within the bilosomal 

Figure 2 In vitro lornoxicam (LX) release profiles from investigated bilosomes formulae and the LX suspension in phosphate buffer (pH=6.8) at 37±0.5°C, mean ±SD, n=3.

Table 4 Observed, Predicated and Percent Deviation of Optimized Bilosomal Formula

Response % EE PS ZP % Release (2 h) % Release (10 h)

Observed value 69.17 161.20 −33.95 35.80 65.96

Predicated value 69.47 156.91 −34.41 36.15 66.43

% Deviation (absolute) 0.44 2.73 1.34 0.97 0.72

Abbreviations: %EE, percent entrapment efficiency; PS, particle size; ZP, zeta potential.
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system.21,30 It also demonstrates that LX exists in its amor-
phous state.63

Fourier Transform Infrared Spectroscopy 
(FTIR)
The FTIR spectra of LX, SDC, SPC and the lyophilized 
optimized bilosomal formula are shown in Figure 5. The 
FTIR spectra of LX are shown at 717.87 to 830.24 (C-H 
out-of-plane bending on the aromatic ring), 790.37 (C-Cl 
stretching), 1124.11 to 1187.66 (C-N), 1158 to 1382.94 

(sulfonate group), 1596.03 and 1621.16 (bending vibra-
tions of the amine group), 1637 (carbonyl group), and 
3005.94 to 3101.29 cm−1 (aromatic ring C-H).9 The char-
acteristic peaks SDC are shown at 2937 (aliphatic C-H), 
1559 cm−1 (carbonyl group).62 The characteristic peaks 
SPC are shown at 1069 (-C-O-), 1465 (-C=C-), 1740 
(-C=O-), 2924 cm−1 (-C-H-). However, the spectrum of 
lyophilized optimized bilosomal formula revealed overall 
disappearance of LX characteristic groups which indicates 
the whole entrapment of the LX within the formula. 
Similar results were formerly noted.63,64 From the realized 
results of both DSC and FTIR, we can certify that LX was 
enclosed within the optimized bilosomal formula.

Effect of Storage
After three months of storage the optimized bilosomal for-
mula showed clear appearance. The responses of both stored 
optimized bilosomal formula and freshly prepared form are 
shown in Table 5. No critical change at (p>0.05) in %EE, 
PS, ZP and release after (2, 10 h) of the kept samples when 
referred to the fresh formula by one-way ANOVA. High 
stability of optimized bilosomal formula is due to high 
negative charge due to the anionic nature of SDC,54 addition 
of lecithin to bile salts lead to formation of mixed micelles65 

and nanosize of the optimized bilosomal formula.

Ex vivo Permeation Study Through Rat 
Skin
The permeation profiles of LX from optimized bilosomal 
gel and LX suspension gel through rat skin were revealed 
in Figure 6. Optimized bilosomal gel showed better 
amount of LX permeated after 10 h (Q10 h of optimized 
bilosomal gel=326.10±1.57 µg/cm2) compared to (Q10 h 
of LX suspension gel=39.43±1.32 µg/cm2). Optimized 
bilosomal gel revealed greater flux (Jmax of the optimized 
bilosomal gel=32.61±0.16 µg/cm2/h) compared to (Jmax of 
LX suspension gel=3.94±0.13 µg/cm2/h). Q10 optimized 
bilosomal gel was subjected to one-way ANOVA which 
ensure that Q10 optimized bilosomal gel significantly 
higher than Q10 h LX suspension gel (p<0.05). The 
enhancement ratio of optimized bilosomal gel is (8.27). 
So the optimized bilosomal formula could both enhance 
entrapment and permeation of LX.

Bilosomes showed considerably greater drug permea-
tion compared to LX suspension gel. It is obvious that 
permeation of bilosomes through the skin occurs through 
three phases; an initial short “burst” within an hour, 

Figure 3 TEM of the optimized bilosomal formula.

Figure 4 DSC thermogram of pure lornoxicam (LX), Sodium deoxycholate (SDC), 
limonene, soy phosphatidyl choline (SPC) and lyophilized optimized bilosomal 
formula.
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followed by slow increase up to four hours and finally 
saturation level that extends until the end of the study.

Bilosomes permeate through the skin via different 
routes; corneocytes (intracellular/transcellular route), 
between the corneocytes (intercellular route), and via the 
appendages (sweat glands or hair follicles).66 Bile salts 
fluidize SC lipids so improving the flexibility and offering 
a greater chance that allows them to permeate through 

intact skin. In addition, bile salts can isolate calcium ions 
that are responsible for the integrity of the tight junction, 
causing them to become more leaker.15

In vivo Study
Assessment of Anti-inflammatory Effect
Figure 7 reveals greatest value of edema in group I (negative 
control) with a mean increase in edema of 95.96% after six 

Figure 5 The FTIR spectra of (A) pure lornoxicam (LX), (B) sodium deoxycholate (SDC), (C) soy phosphatidyl choline (SPC) and (D) the lyophilized optimized bilosomal 
formula.

Table 5 Stability Study for Optimized Bilosomal Formula

Parameter Fresh After 3 Month Storage at (4–8ºC) Probability (p)

%EE 69.17±2.50 66.30±2.96 0.405

PS 161.20±3.68 166.70±1.13 0.181

ZP −33.95±0.49 34.10±1.13 0.879
% drug released (2 h) 35.80±2.16 37.24±2.11 0.571

% drug released (10 h) 65.96±0.83 63.51±3.30 0.416

Abbreviations: %EE, percent entrapment efficiency; PS, particle size; ZP, zeta potential.
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hours, followed by a sharp decrease to 52.45% after 72 h. The 
size of edema in group II (oral market tablet) reached its 
greatest value after six hours with a mean increase in edema 
of (81.94%), then a slightly sharp reduction reaching (49.75%) 
after 72 h. Rats in group III (placebo) reveals highest value 
after six hours (95.88%) and then it decreased to (53.58%) after 
72 h. Group IV (optimized bilosomal gel) revealed the highest 
value in edema size after six hours with a mean increase of 
(54.54%), which then reduced to (25.25%) after 72 h. Group 
IV showed the least AUC indicating its superior anti-inflam-
matory activity compared to market product (p<0.05).

Assessment of Antinociceptive Activity
Table 6 shows the number of writhes detected and the degree 
of inhibition realized by the optimized bilosomal gel and 

linked to the market product. The examined optimized biloso-
mal gel considerably lowered the number of writhes related to 
commercial product (p<0.05). This matches the results of the 
former edema test, where the formula proved to be more 
effective as well.

Skin Irritancy Test
The recorded zero scores for the optimized bilosomal gel 
(by visual examination) indicates the absence of any der-
mal irritation. No clear erythema or edema was observed 
on rats’ skin after application for two days.

In vivo Histopathological Study
Considering group I (negative control); the stained rat skin 
revealed no histopathological modification and the normal 
intact histological pattern of the epidermal and dermal 
layers as well as the underlying subcutaneous tissue and 
skeletal muscle as shown in Figure 8A. Considering group 
II (optimized bilosomal gel); neither inflammation nor skin 
irritation was revealed in the examined sections with intact 
connective tissue, as shown in Figure 8B. Considering 
group III (positive control); both edema and inflammatory 
cells infiltration were revealed in the examined sections 
with lose of the glands in the dermis, as shown in Figure 
8C. As a conclusion, bilosomal system was safe and could 
be used topically without any irritation or inflammation 
consequences.

In vivo Permeation
Imaging of RhB in various skin layers by CLSM is shown 
in Figure 9. RhB-loaded bilosomal gel exhibited deeper 
penetration (108 μm) than RhB gel (48 μm). These results 
highlighted the efficacy of the bilosomal system in terms 
of in vivo permeability when matched to the reference 
solution gel. This matches the results of former ex vivo 
permeation study.

Figure 7 Effect of the optimized bilosomal gel on inhibition of edema in the hind 
paw of rats.

Figure 6 The ex vivo transport profiles of optimized bilosomal gel compared to 
that from lornoxicam suspension gel through rat skin at 37±0.5°C, mean ±SD, n=3.

Table 6 Effect of Different Formulae on Acetic Acid-induced 
Writhing in Mice

Preparation Number of Writhes 
(Mean ±SE)

Percent 
Inhibition (%)

Negative control 59.75±2.75 –

Oral market 

product

21.50±1.29 64.02

Optimized 

bilosomal gel

15.25±1.26 74.48
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Figure 8 Photomicrographs showing histopathological sections (H&E stained) of (A) rat skin treated with normal saline (B) rat skin treated with optimized bilosomal gel 
and (C) rat skin treated with isopropanol (positive control).

Figure 9 Confocal laser scanning micrographs of RhB bilosomal gel (A) and RhB solution gel (B).
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Conclusion
In this study, bilosomes were successfully formulated using 
thin film hydration technique. The optimized bilosomal for-
mula established small particle size (161.20±3.68), high per-
cent entrapment efficiency (69.17%±2.50) and high 
physicochemical stability. The presence of LX within the 
structure of bilosomes was revealed by DSC and FTIR 
studies. Spherical vesicles with no aggregation were proved 
by TEM. It has been clarified that LX-loaded bilosomes had 
succeeded to enhance the ex vivo skin permeation (326.10 
±1.57 µg/cm2). Safety of optimized bilosomal gel was 
demonstrated by in vivo skin irritancy and histopathological 
studies. Anti-inflammatory and analgesic activities of the 
optimized bilosomal gel were proved through in vivo studies. 
CLSM proved the superior in vivo permeation of bilosomal 
system. Overall, previous results indicate that inclusion of 
LX within bilosomes system is a promising technique to 
enhance transdermal delivery of the drug.
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