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Abstract

Curcumin (CUR) possesses various pharmacological properties, including antibacterial and improving
injury healing. This work aimed to formulate curcumin organogel using 12 hydroxy stearic acid as gelator with
tween 80 as surfactant and PEG 400 as co surfactant to improve the CUR permeation through the skin. The CUR
organogels were prepared using different 12HSA concentrations with solvents sesame oil (SO), and orange oil
(©0), in addition to T80 and P400 and evaluated for their saturated solubility, tabletop rheology, oil binding
capacity, pH, spreadability, in vitro release, antibacterial activity, oscillatory rheology study, skin irritation,
histological examination and ex- with in- vivo permeation study across rat abdominal skin. Results: The important
results that distinguished organogels were the spreadability and in vitro release studies. The 4SO, 200, 2T80, and
10P400 organogels presented successful gelation and represented the lowest 12HSA concentration in each solvent
that approached the current aim’s study by being more spreadable with higher CUR released. At the same time,
the 2T80 and 10P400 gave zones of inhibition to 4 bacterial strains and good viscoelasticity by exhibiting large
flow point values in the frequency sweep study compared with 4SO and 200. In vivo study affirmed the CUR
permeation by studying the fluorescent images of 2T80 and 10P400, and the ex vivo permeation study for 10P400
proved the CUR permeation through rat’s skinOur results indicated the potential of 10P400 and 2T80 organogel
to improve the topical therapeutic efficacy of CUR.
Keywords: Curcumin, 12-hydroxystearic acid, Organogel, Tween 80, Polyethylene glycol 400, Fluorescent intensity.
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Introduction

Studies on curcumin (CUR) demonstrated a bacterial and antiparasitic effects as well as treating
wide variety of biological properties, including skin problems and wounds (1-6). However, many
antioxidant , anti — inflammatory , antitumor, anti — studies investigated CUR for topical application
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and focused on CUR solubility enhancement to
increase permeation. To demonstrate, CUR-loaded
nanosponge in the gel for psoriasis treatment ).
Also, CUR-loaded nano lipid carriers for enhanced
skin delivery ®. Further, in a different study, the
nanocrystal of CUR was formulated in the gel to
increase CUR solubility ©). Vigato’s co-workers
prepared CUR in polymeric organogel using
poloxamer for topical administration “%. CUR
physicochemical properties, such as low aqueous
solubility and oral bioavailability, limit CUR action
(1, Thus, these obstacles made CUR an intriguing
molecule for cutaneous application @2, as this route
offered the advantage of delivering the drug
molecule through the skin of many topical dosage
forms, such as in gels ¥, Gels formulation is an
easy preparation procedure, and the polarity of the
solvent or the continuous phase used to create the
gel determines the classification of the gel, which
can be either hydrogel or organogel ¢4, The gelators
of organogel represent the solid part of the gel
network are either low molecular weight gelators,
such as sorbitan mono palmitate, sorbitan mono
stearate, and glyceryl fatty acid esters, or of a large
molecule polymeric organic gelators with high
molecular weight gelators @ 19, The current study
focused on organogel using the low molecular
weight gelator, the 12-hydroxystearic acid (12HSA),
with a surfactant and co-surfactant, which were
tween 80 (T80) and PEG 400 (P400) as an external
phase or the liquid organogel’s part. The selection of
these liquids depended on a previous study that
showed CUR high solubility in T80 and P400 (7,
This current study also included the 12HSA
formulated with sesame oil (SO) and orange oil
(OO0) for their notable property in treating bacterial
skin diseases & 19 . As a continuous phase of
12HSA organogel, these solvents incorporated
CUR, and according to our knowledge, no previous
work presented an investigation of the gelation
capability of 12HSA to the T80 and P400.
Considering the proposed solvents and the 12HSA,
this work aimed to explore CUR organogel for local
topical antibacterial and transdermal applications.

Materials and Methods
Materials

Curcumin and 12HSA were purchased from
BiDePharma Technology / China and Hangzhou
Hyper Chemicals/ China, respectively. Both T80

Table 1. The compositions of the CUR organogels.
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and P400 were bought from Sigma-Aldrich. SO was
pur-chased from Xi’an Sonwu Biotech, China, while
OO was obtained from (Now Essential Qil).
Methods
Saturated solubility of CUR

An excess amount of CUR was added to a
glass vial with a stopper filled with 4 mL of the
following: SO, OO, T80, P400, and phosphate
buffer pH 7.4 made with 10% w/v T80. The glass
vials were left in a shaking water bath (50 rpm) at
37°C for 3 days. After that, the vials were subjected
to centrifugation at 3500 rpm for 30 minutes, as the
supernatant was filtered using a syringe filter with a
pore size of 0.45 micrometers, following this the
filtrate of CUR in (SO, OO, T80, P400) was
appropriately diluted with ethanol to be measured by
a spectrophotometer to determine its absorbance
using (UV-1650PC) Shimadzu -Japan at the A max
425 nm using the calibration curve equation
(y=136.5x+0.0087) with R2=0.9993 in ethanol ,
while filtrate of CUR in phosphate buffer pH 7.4
diluted with the same buffer using the calibration
curve equation of (y=161x+0.016) showing
R?=0.9986 0,
Preparation of organogel

The blank organogel was made by first
weighing 12HSA in the vials and then bringing the
total mass up to 1 g by adding individually SO, OO,
T80 and P400. Vials were incubated in a water bath
at 85°C for 10 minutes until a clear solution was
obtained, and then vials were cooled at room
temperature after bringing vials out of the water
bath. The vials were subjected to inversion; if there
were no flow of the organogels, the result would be
a solid organogel; nevertheless, if there were flow
when the organogels overturned, then the result
would be a liquid organogel. Last, a 5 % w/w CUR
organogel preparation was by using the same
concentration by Jamali et al study prepared CUR
ointment for topical use, followed the steps outlined
above, and we mixed 50 mg of CUR combined with
the 12HSA @Y; then, the mixture was heated to
85°C, where the contents were dissolved and
dispersed in the solvents as shown in Table (1).

Formulation name CUR (mg) 12HSA% (w/w) Oil Up to 1gm
0.580 50 0.5 SO
1S0 50 1 SO
2S0 50 2 SO
3s0 50 3 SO
4S80 50 4 SO
5S0 50 5 SO
6SO 50 6 SO
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Continued Table 1.
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0.500 50 0.5 00
100 50 1 00
200 50 2 00
300 50 3 0o
400 50 4 00
0.5T80 50 0.5 T80
1780 50 1 T80
2780 50 2 T80
3780 50 3 T80
4780 50 4 T80
0.5P400 50 0.5 P400
1P400 50 1 P400
2P400 50 2 P400
4P400 50 4 P400
6P400 50 6 P400
8P400 50 8 P400
10P400 50 10 P400
11P400 50 11 P400
12P400 50 12 P400

Tabletop rheology (Transitions temperature)

The CUR organogels vials were placed in a
water bath and heated to 85°C. Afterwards, the
temper-ature drop was 2°C every 15 minutes until
32 °C. At the end of each 15 minutes, the vials were
tilted to determine if the organogel formulation was
liquid or solid. In this phase, the solidifying points
of all organogels were determined; subsequently, the
vials entered another stage. The temperature was
increased by 2 °C every 15 minutes until 85 °C
record the melting points®@?,

Oil binding capacity (OBC)

Vial containing 1g of CUR organogel was
centrifuged for 15 minutes at 6000 rpm. The vial
was inverted over the filter paper for 5 minutes to
collect the free liquid oil dropping from the
organogel. The quantity of oil expressed was then
determined by weighing the filter paper, as this
study was done in triplicate. To calculate OBC(%),
use the equation (1) @,

OBCY% =

( __ mass of expressed oil )

x 100 @)

initial sample mass

pH determination

The pH for all CUR organogels was
measured by putting a digital pH meter probe into
the organogels and monitoring the readings until
equilibrium was reached (9,
Spreadability

The organogel ability to spread was by
placing 0.5 grams of the prepared CUR organogel
within a circle with a diameter of 1 centimeter (cm)
on a glass slide. Next, a second glass slide was
placed over the first with the exact dimensions,
sandwiching the gel between the upper and lower
glass slides. After 5 minutes of rest and by the
placing weight of 5 g, the sandwiched organogel
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between the two glass slides would be forced to
squeeze and spread, and the increase in organogel
spreading diameter was measured @4,

In vitro release study

A dissolution apparatus was set at a paddle
speed of 50 rpm using a modified form of Franz cell
by a glass cup with a cross-sectional area of 2 cm2,
filled with 1 g of the CUR organogels, covered with
a cellulose membrane(0.45um) and sealed with a
rubber band. Then cup inversion ensured the
membrane levelled by 0.5 mm under the surface of
50 mL phosphate buffer using pH 7.4, as in both
studies of diclofenac formulations and CUR
nanoparticles for topical in vitro release ?>29. Also,
the prepared 50 ml phosphate buffer pH 7.4 with
10% wi/v T80 at 37 °C was added to ensure the sink
condition; Shahani et al found that CUR was more
soluble at pH 7.4 with 10% T80 @7, For 24 hours,
aliquots of 5ml were removed within predetermined
intervals and promptly replaced with a fresh buffer
medium after each removal. A UV-VIS
spectrophotometer was used to  perform
spectrophotometric analysis at 425 nm to assess the
CUR amount using the equation that was clarified in
the saturated solubility study @8
Antibacterial activity

The agar well diffusion method was used to
investigate the antibacterial activity of selected CUR
organogels against four clinically isolated strains of
bacteria: Staphylococcus aureus, Streptococcus
pyrogen, Proteus mirabilis, and Escherichia coli.
The prepared agar was inoculated with a sterile glass
spreader to disseminate a 0.1 mL bacterial
suspension. The wells were constructed having a
diameter of 6 mm in each plate, and 50 pl of
carefully chosen CUR liquid organogels were
deposited; the SO, OO, T80 and P400 were also used
as controls containing CUR 5 % w/w. Then the
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plates were rested at ambient temperature then
placed in an incubator at 37 °C for 24 hour % 30),
The inhibition zone was measured and given in
millimeters ©Y.
Oscillatory rheology studies

Rheology studies on selected CUR
organogels were conducted using Anton par mcr 302
rheometer (Graz, Austria) and a plate-plate (PP 25/
SN 61895) was utilized. At 25°C, each measurement
was performed in triplicate, and Rheoplus software
was used for data extracting ©2. These examinations
of CUR-loaded organogel were conducted at the
University of Petra and the Pharmaceutical Center in
Amman, Jordan. For amplitude and frequency
sweep tests, a scoop of selected organogel was
placed between the two plates (PP 25/ SN 61895).

a) Amplitude sweep

Initially, to start rheology studies by
performing amplitude sweep test. The purpose of
this test was to identify the storage modulus (G"), the
loss modulus (G"), the flow point for each
formulation, and the linear viscoelastic area
(LVER). Hence, the oscillatory strain range was
varied from 0% to 100%, and the angular frequency
was kept constant at 10 rad s™.

b) Frequency sweep

The second oscillatory test was the
frequency sweep, and the strain applied was
between 0.01% and 0.08%, according to the LVER
data obtained from the amplitude sweep test data for
each organo-gel. The angular frequency varied from
0.1 to 100 rad s during this test.

Skin Irritation Studies

Healthy male Wister Albino rats aged 2-3
months weighing 250-350 g were used to
investigate skin irritation. A day before the
appointed experiment, the hairs on the abdomen of
each rat were carefully shaved with an electrical
clipper without damaging the stratum corneum. The
area of application was swept with dried cotton. The
Draize patch test was utilized in investigations of
skin irritation. Five groups (gp), each of 1 rat,
classified to gp A: treated with 4SO, gp B: treated
with 200, gp C: treated with 2T80, gp D: treated
with 10P400, and the last was gp E: treated with
0.8% v/v aqueous solution of formalin (which is a
standard irritant). The cutaneous irritation work was
conducted for 3 days ©3. The severity of cutaneous
irritation was evaluated by the visual scoring scale
of 0, 1, 2, 3and 4, indicating no skin irritation, minor
skin irritation, well-defined skin irritation,
moderate-level skin irritation and scarring on the
skin, respectively ¢4,
Histological examination of organogel-treated
skin

This test followed the irritancy test to study
the possible changes in skin histology after applying
selected CUR organogels; additionally, another rat
was chosen as a control without any treatment or
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addition the techniques involved cross sectioned and
dyeing the skin after the rats were sacrificed. Then,
rat skin samples were embedded in paraffin wax
blocks and submitted to electrical microtomy to be
cross-sectioned into thin slices measuring 5um.
After being cut into cross-sections, these skin
samples were stained with hematoxylin and eosin
(H&E) dyes to be analyzed using a microscope ©°.

In vivo CUR permeation study

CUR penetration through the skin was
executed by applying the organogels to the rat’s
abdominal area following the same irritancy test and
histological procedures. This test needed 3 rats for
each selected formulation, as each rat was sacrificed
after 1, 4, and 24 hours of CUR organogel
application. Then, the skin sectioning for
microscopic slide preparation proceeded with gentle
and prolonged water rinsing to remove the applied
organogel. The prepared slides were studied
optically using the z-axis of an inverted trinocular
LED  fluorescence  microscope  (OPTIKA
microscopy, Italy) equipped with the Optica camera
and software for imaging, as the procedure was
performed in the darkroom to avoid the impact of
ambient light using the blue field filter that is
suitable for the CUR excitation wavelength of 425
nm and emission wavelength of 515 nm ©6.3)_ The
level of microscope light intensity was at 5, which
was applied while inspecting the slides and imaging.
The microscope magnification power was 10x. The
fluorescent intensity was determined using the
acquired images and ImageJ software (a Fiji
distribution dedicated to biological image analysis).
Each image was counted as a single fluorescent
intensity unit. We autonomously analyzed the pixel
intensity for each image using an 8-bit image
histogram. Upon completion of the histogram
analysis, the parameters mean gray value (MGV)
and standard deviation are determined to investigate
the fluorescent intensity that correlates with CUR
penetration 8),

Ex Vivo CUR Permeation Study

Ex vivo permeation through the excised
abdominal skin of male Wister Albino male rats was
evaluated by utilizing a Franz diffusion cell with the
exact dimensions used in the in vitro release study.
The excised skin was put over the recipient
compartment (2 cm?) with the epidermal side of the
skin exposed to ambient conditions, while the
dermal side was kept facing the receptor solution, as
the receptor compartment was filled with phosphate
buffer solution pH 7.4 + 10% w/v T80 and the
temperature was kept at 37 +0.5 °C "), At specified
time intervals of (0.1, 0.5, 1, 2, 4, 8, 12, 18, 20, and
24) hours, 2 ml samples of the receptor medium
were withdrawn, and immediately fresh phosphate
buffer solution was added to maintain the sink
condition @9, The samples were analyzed by the
HPLC modified method following the Hiserodt et al
method “9. The curcumin content was analyzed
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using an HPLC system consisting of a Shimadzu
HPLC LC-10AT pump. A 25-cm long, 4.6-mm
inner diameter of the C18 column (LichroCart 250-
4, Merck) was used. The mobile phase consisted of
a 50% aqueous phase which was water adjusted to
pH 7.4 with acetic acid 2 wt.% and 50% acetonitrile,
with a 1.7 ml/ min flow rate. The wavelength of the
fluorescence detector was set at an excitation of 425
nm and an emission of 515 nm ©6.37),

Results and discussion
Saturated solubility of CUR

The saturated solubility of CUR was
determined to evaluate the solubility of CUR in oils,
surfactant, cosurfactant and buffer, which may play
a role in CUR release from organogels, specifically
oils, and ensuring the sink condition for CUR in the
buffer. The solubility was 1.011, 0.905, 34.38, 35.43
and 1.8 mg/ml, in SO, OO, T80, P400 and phosphate
buffer 7.4 + 10% w/v T80, respectively. Fairly
similar values of the CUR saturated solubility in SO,
00, T80, and P400 were to the previous study “9.
CUR showed the lowest solubility in OO, and CUR
was more highly soluble in P400 than in T80 and
SO.
Interestingly, the phosphate buffer with a pH of 7.4
+ 10% w/v T80 had the lowest value of CUR
solubility. This result predicted that the CUR
prepared with organogel was more soluble than the
CUR released through in vitro release study.

Preparation of organogel

Oragnogel formulations that were solid and
did not flow after flipping the vials at room
temperature assisted in determining the minimum
gelation concentration of 12HSA in each selected
solvent. Figure (1) shows the minimum gelation
concentration was 4 % w/w, 2 % w/w, 2 % w/w and
10 % w/w for the SO, OO, T80 and P400,
respectively. These differences in the minimum
gelation concentration might be attributed to the
different solubility of 12HSA in the solvents,
whether these solvents were oils, surfactants, or co-
solvents. After that, the CUR addition to each
solvent started from the minimum gelation
concentration of 12HSA that gelled the solvents
with the other 2 concentrations, as shown in Table
(2), as CUR addition did not affect the organogel
formation.
Tabletop rheology (Transition temperature)

Tabletop rheology is a procedure that
describes the phase transitions from gel to sol (T gel-
sol) and from sol to gel (T sol-gel) for
thermosensitive organogels. As the transition
temperature is higher than the body temperature, the
organogel can maintain its solid state. The
temperatures at which the phase change from gel to
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sol and vice versa are listed in Table (3). The value
(Tsol-gel) that was recorded to be the greatest was
for 4SO, while the value that was reported to be the
lowest was for 12P400. Previous research that
combined 12HSA with light mineral oil yielded
findings comparable to those obtained with 12HSA
organogel in this experiment 2, In conclusion, the
temperatures at which the curcumin organogels
transitioned from solid to liquid states were higher
than the average body temperature. This ensured
that the organogels remained solid on the skin.

Oil binding capacity (OBC)

Since the strength of the scaffold that builds
an organogel and holds the oil is reflected in the
organogels binding capacity “®. Table (3) shows
that the OBC of organogels in T80 was considerably
lower than the organogels in SO, OO, and P400.
Furthermore, the concentration of organogels was
directly correlated with the OBC, which might
indicate concentrated organogels entrapped the
solvents strongly. This is similar to the trend of folic
acid in propylene glycol organogel upon an increase
folic acid concentration “4).

pH determination

Due to the topical application of organogel
on the skin, pH measurements were carried out since
non-suitable pH could irritate the skin @9, As seen
in Table (3), the pH levels of CUR organogels
ranged from 4.43 to 5.83. These findings were
consistent with the previous studies of the CUR
pluronic lecithin organogels that indicated no
potential for skin irritation as the organogel’s pH
range (4 -6) was compatible with the skin pH
(slightly acidic), reflecting no risk of skin irritation
(45)
Spreadability

This test demonstrated the skin preparation’s
capacity to distribute topically upon application,
contributing to the formulation’s therapeutic
efficacy. In addition, this is considered a significant
element in the patient’s compliance with the
treatment ©8), The test for spreadability was
performed on all of the CUR organogels, and the
results are presented in Table (3). The diameters of
the spread circles vary from 1.3 cm for 6SO
organogel and up to 3 cm for 2T80 organogel.
According to our results, the organogels with the
lowest 12HSA concentration in each solvent,
specifically 4SO, 200, 2T80, and 10P400, were the
most easily spreadable.
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Table 2. The organogel names and minimum gelation concentrations as 5 wt % CUR was in each organogel.

Organogel 12HSA wt% Oil (up to 1g)
4S0 4 SO
5S0 5 SO
6SO 6 SO
200 2 00
300 3 00
400 4 00
2T80 2 T80
3780 3 T80
4780 4 T80
10P400 10 P400
11P400 11 P400
12P400 12 P400

Organogel without CUR Or”m‘.' wm-. cun
C=asrim B

..... C - ==k t},.‘.’r, RS o
Omnog-t wlthout CUR = orun?!ct with CUR

AN asr -oa-—?/'
A

-

e ——

o % 1% 2% 4% 6% mo%

S 10% 11

Figure 1. Organogels of 12HSA in SO, OO, T80 and P400 as the inverted vials referred to as solid organogel
at room temperature for Organogel without CUR. The last 3 vials represented the CUR organogel, as
pointed out in each image. All prepared organogel as % w/w.
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Table 3. The tabulated results present the Tsol-gel, Tgel-sol, OBC%, pH and spreadability results for

CUR organogel.

Organogel (Tsol-gel) °C (Tgel-sol) °C | OBC % pH Spreadability in cm
+SD

4S0 325 39.1 95.7+1.23 4.85 1.75
5S0 31.2 39.7 96.9+0.34 4.75 15
6SO 29.8 40.2 98.8+0.52 443 1.3
200 30.3 39 53+3.21 5.71 1.8
300 29.6 39.4 91.5+2.95 5.52 1.65
400 29.1 39.5 96.2+0.25 5.83 15
2780 30.7 39.2 26.9+0.61 5.27 3
3780 30.3 39.7 48.5+3.14 5.31 2.8
4T80 29.4 41 69.9+2.33 5.35 2.6
10P400 27.7 42.3 56.4+1.61 5.12 1.85
11P400 27.3 43 63.9+0.33 5.23 1.65
12P400 26.2 43.7 78.8+3.16 5.41 15

In vitro release study

In order to evaluate the CUR release from the
organogels or the depot feature of organogels, in
vitro release study was conducted using CUR
organogels for 24 hours. As can be seen in Figure
(2), control was run alongside the release
investigations composed of 50 mg CUR mixed
individually in SO, OO, T80, and P400 to compare
with the corresponding organogels. These controls
were established due to the oil’s well-documented

capacity to reduce the release rate of lipophilic drugs
@7)

The results demonstrated an indirect relationship
between the organogel concentration and the
amount of released CUR, as the highest amount of
CUR was released from the lower concentration of
12HSA organogels in each solvent. The same trend
was established in a different study using
12HSA/SO organogel in which the amount of
released cinnarizine was reduced with a greater
organogel concentration “®

The organogel 2T80, as shown in Figure (2),
exhibited a rapid CUR release and reached 100 %
w/w of CUR in the release medium within 6 hours.
On the other hand, the organogels of 3T80, 4T80
released CUR at approximately 87 and 73 (% w/w),
respectively. Nevertheless, the in vitro release study
for the other CUR organogels in OO, SO and P400
were conducted for 24 hours. The organogels 5SO
and 6SO exhibited closed release profiles, as shown
in Figure (2), and within 24 hours, they released 20
% w/w CUR. However, 4SO had a significantly
higher CUR release during the study, about 70 %
wiw.

The 200 and 300 both released 40 % w/w
CUR after 24 hours. As can be seen in Figure (2),
the released CUR profiles for 10P400, 11P400, and
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12P400 in the final set of organogels containing
12HSA in P400 were extremely asymptotic, and the
alterations that occurred were not particularly
substantial.

The differences in the release profiles could
be attributed to several factors, including CUR
solubility in solvents (the external phase of the
organogel) and the organogel strength, as
demonstrated by the OBC study. For example, the
organogel of 2T80 that released 100 % w/w CUR
within 6 hours showed the lowest value of OBC,
which was 26 % w/w might aid the rapid CUR
migration from the scaffold of the organogel.

However, the P400 organogels and despite
the high solubility of CUR in P400, the CUR was
able to be held and released gradually. This might be
due to the high gelator concentration of 12HSA, as
the minimum gelation concentration required was
10 % wiw.

It can be stated that all CUR organogels slowed the

release of CUR by varying percentages compared
with their control, demonstrating the importance of
organogel in maintaining the CUR inside its
network. Also, as clarified in their release profiles,
the T80 and P400 organogels released CUR faster
than OO and SO organogels.

From spreadability results, the CUR
organogels with lower concentrations were more
spreadable. The in vitro release study showed the
same trend that the organogels with the lowest
concentration of 12HSA in different solvents
released more CUR. Both results assisted in
approaching this study’s aim to increase CUR
availability through the skin; hence, the following
organogels, 4S50, 200, 2T80 and 10P400, were
processed for further studies.
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Figure 2. In vitro CUR organogels release in pH 7.4 sodium phosphate buffer solution + 10% w/v Tween80
at 37°C. for 12HSA in SO, OO, T80, and P400, as each release curve is an average of triplicate + standard

deviation.

Antibacterial activity

The use of CUR as an antibiotic was against
the selected bacteria: Staphylococcus, streptococcus
pyrogen, Escherichia coli, and Proteus mirabilis, as
these microorganisms are capable of potentiating
skin diseases. Thus, it was necessary to provide evi-
dence that the chosen organogels could effectively
cure many bacterial skin strains. The findings (not
shown) presented the 4SO and 200 could not
inhibit the growth of the strains used in this study,
even with CUR control. However, the 2T80 and
10P400 showed a close noticed inhibition of the
zone towards the bacterial strains as their controls
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displayed consistently larger inhibition zones as
shown in Figure 3 (A and B). This may be associated
with the increased CUR availability in combat-ing
bacteria to disperse their cell membrane, which
might be owing to the high solubility of CUR in the
surfactant T80 and co-surfactant P400, as shown in
the result of saturated solubility. The most effective
organogel against bacteria was 2T80, followed by
10P400. Based on this evidence, CUR has
therapeutic potential for treating skin and chronic
wound infections “% 59, Moreover, the OO and SO
organogels did not give any antibacterial effect
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Figure 3A. Antibacterial activity of CUR showing the zone of inhibition versus bacterial strain as
the bars represent the organogels that showed zone of inhibition against bacteria. 3B. the 1st, 2nd,
3rd and 4th rows show the agar results of Staphylococcus, streptococcus pyrogen, Escherichia coli,

and Proteus mirabilis.

Oscillatory rheology studies
a) Amplitude sweep

This investigation used the amplitude sweep test to
determine G', G", LVER, and the flow point for the
chosen organogels (4SO, 200, 2T80, and 10P400).
G', which represents the solid phase and the elastic
nature of organogels whereas G" indicated the liquid
phase ©Y. The scooped organogel was subjected to a
rising strain from 0% to 100%. If the gel proves to
have good strength; in that case, G' values will be
greater than G" values. This was shown by the
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parallel G' and G" curves and the consistent values
of G' and G" until a strain value is reached that the
gel cannot be as 3-dimensional scaffolds marking
the start of gel weakening as observed by the LVER.
At some point afterwards, the gel cracks under
increasing strain value. This is the flow point, where
G'and G" have identical values. The parameters are
shown in Figure (4) and Table (4), used to gauge the
strength of any organogel. All selected organogels
showed parallel curves of G', and G" as well; the
most important was that G' values in LVER were
higher in the magnitude of one order than G". This
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property establishes organogel formation that was
indicated by Yan et al ®2. In addition, the extent of
G' values ranged from 10° to 106, likewise the
prepared organogels of 12HSA in canola oil ¢,

Concerning the LVER, the 2T80 exhibited a
comparable value of LVER to 0.106 of folic acid
organogel in propylene glycol #4. Different LVER
values of selected organogels could be attributed to
the beginning of increasing the spaces in the 3-
dimensional organogels scaffold due to the rising
applying strain effect. This paved to detaching of
the physical bonds between constructed fibers that
composed the entangled or cross-linked 3-
dimensional scaffold ©%. Regarding the flow point
and compared to the other organogels, 2T80
exhibited the highest value, and the 4SO showed the
lowest values. The flow points represent where the
organogel lost its elasticity, transferring to the liquid
phase; this may be due to the complete detachment
of physical bonds between fibers.

Curcumin-loaded organogel

To sum up, 10P400 showed the highest
values of G', and flow points, as well as 2T80
showed the high values of flow points despite the
lower G' values. As the flow point explicitly
represents the elasticity of organogels and the
magnitude of resistance that face the increasing
strain values.

b) Frequency sweep

This study was conducted to check how
organogel maintained its solid form in a 3-
dimensional scaffold when organogels were carried
at various velocities. In most cases, the G' and G"
curves for a robust organogel will not cross. As
shown in Figure (4), the G' curves were higher and
parallel to the G" curves of all 12HSA organogel and
did not cross at any frequency rate. This means that
all organogels were solid at all frequency ranges.
This outcome was similar to the parallel G' and G"
curves of 0.88 wt% 12HSA/ dodecane organogel ¢,
To conclude, the selected organogels were
frequency independent along all the studied
frequency ranges.
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Table 1. Amplitude sweep parameters G', G", LVER, and flow points for the selected organogels as each
value is an average and standard deviation of 3 values. The study was set at a strain from 0% to 100%,
angular frequency 10 rad.s-1, and temperature of 25°C.

Organogels G' (pa) £SD G" (pa) £SD LVER (%)+SD Flow point £SD
(%)
43S0 39708 +7444 14492 £3007 0.088 +0.009 2.15+1.31
200 116545 £30828 28033 £11082 0.547+0.083 4.63+0.8
2780 756811225 1710 £151 0.192 +0.09 6.81+1.42
10P400 134968 +6629 26762 +3187 0.062 +0.043 6.78 £ 0.05
Skin irritation Studies the images showed normal dermis fibrous

The skin irritation observation scores were 0
for all selected organogels. In contrast, the formalin
score was 4, indicating that the organogels were
non-irritant compared to formalin, which caused
severe erythema and edema.

Histological examination

The studying of skin histology ensured the
outcomes of the skin irritancy test. As shown in
Figure (5), the histopathological images of the skin
treated with selected organogels and the control skin
(untreated skin with CUR organogels) exhibited a
typical appearance of epidermis epithelium
(keratinized stratified squamous epithelium). Also,

connective tissue composed of fibroblasts and
fibrocytes, with numerous immature hair follicles
and normal sebaceous glands. The histopathological
photos of the skin treated with formalin exhibited
marked epithelial shedding, a very thin epidermis,
degenerated fibrous tissue, and regressed hair
follicles. Also, the image revealed a single layer of
epidermal epithelial cells that rested on a layer of
degenerated fibrous tissue of the dermis composed
of fibrocytes and a few regressed hair follicles. To
sum up, the histology examination proved the non-
irritant contents of selected organogels.

Figure 5. Microscopic images of CUR organogels, at a magnification of 100x, where epidermis (E), dermis
fibrous connective tissue (Asterisk), variable stages of developing hair follicles (Black arrows) & sebaceous
glands (Red arrows). Except for formalin, where marked epithelial shedding (Black arrows), very thin
epidermis (Red arrows), degenerated fibrous tissue (Asterisk) & regressed hair follicle.

In vivo CUR permeation study

The  remarkable outcomes of the
spreadability test, frequency sweep study, and
antibacterial study of the 10P400 and 2T80
organogels compared with 4SO and 200 suggested
selecting the 10P400 and 2T80 for in vivo CUR
permeation; furthermore, by using the advantage of
gaining fluorescence from CUR by absorbing and
emitting light in the visible region of the spectrum
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and correlating the grey values of the pixels to CUR
permeation through the rat’s skin imaged under a
fluorescence microscope. The ImageJ was used to
convert the original coloured images to 8-bit images.
Then the histogram analysis was used to calculate
the MGV, as seen in Figure (6A)®®; as clearly
noticed sum up, the histology examination proved
the non-irritant contents of selected organogels.
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Which leads us to conclude that untreated rat skin
has low auto fluorescence.

The MGV pattern, as shown in Figure (6B),
reflecting the CUR permeation through the rat’s skin
was very coordinated with the in vitro release of
both organogels, as the 10P400 MGV increased in
the first hour; then, the MGV declined after 4 hours,
followed by the rise in the MGV to reach 100 pixel.
The decrease in MGV after 4 hours might be due to
the CUR permeation out of the skin. While the 2T80

Curcumin-loaded organogel

presented high and close values of MGV for both
images pointed to the 1 and 4 hours, then a decrease
in MGV after 24 hours. The 2T80 permeation was
very high and reached 80 MGV in the first and after
4 hours due to the rapid release of CUR that
penetrated quickly too. This subsequently, after 24
hours, showed depletion in the MGV, and this might
be to the completed CUR release in the first 6 hours
of the release study.
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Figure 6 A. 8-bit images. B. Fluorescence intensity quantification from the 8-bit images using MGV Ex

Vivo CUR Permeation Studies

The permeation of topical formulation
through the skin is essential to affirm CUR invasion
through the skin, as this was confirmed by in vivo
CUR permeation study. The 2T80 and 10P400
showed different fluorescent intensities represented
by MGV, as these fluorescence might be correlated
to CUR invitro release study. Thus, the 10P400 was
chosen to apply for this study to investigate its
permeation as it showed lower MGV in the 1 and 4
hours. As shown in Figure (7), the CUR penetration
was raised to 17 % w/w after 4 hour, followed by
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around 50 % wi/w, and after 24 hour, the CUR
permeation reached approximately 80 % w/w. This
permeation might be attributed to the good solubility
of CUR in P400. Interestingly, the amount of
permeated CUR in the ex vivo study was 86 % w/w,
which is close to the CUR released amount in the in
vitro release study. This finding was similar to a
previous study for Nawaz et al that formulated CUR
hydrogel containing various concentrations of
eucalyptus oil, aloe vera oil and clove oil using
carboxy methyl cellulose (CMC) as a gelling agent,
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showing a close CUR released and permeated
amount®”,

This rapid CUR permeation could be justified by the
P400, which proved increasing the CUR solubility
as the saturated solubility in this study indicated, in
addition to its known function as a permeation
enhancer®®.
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Figure 7. Ex vivo permeation of 10P400
organogel in phosphate buffer solution pH
74 + 10 %w/v T80 through Wister rat
abdominal skin using Franz cell diffusion.

Conclusion

From our work, we concluded that 12HSA
gave good gelation of the surfactant T80 and the co-
surfactant P400 in addition to oils SO and OO.
Indeed, the organogels 2T80 and 10P400, amongst
other investigated organogels, achieved good
antibacterial activity against specific types of
bacteria and good permeation across the skin which
was 86% w/w; hence, these organogels were good
candidates for curcumin topical and transdermal
formulation.
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