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Background: Effective treatment of osteoarthritis necessitates both symptomatic relief and
hindrance of joint degeneration progression. Non-steroidal anti-inflammatory drugs permit symp-
tomatic relief only and can cause mucosal injury in the gut. Before absorption, diacerein (Dcn)
is converted into rhein that counteracts cartilage degeneration without affecting prostaglandin
production. Yet, low solubility and laxative action of unabsorbed rhein in the colon hindered
its use. Thus, enhanced Dcn dissolution would allow absorption at the upper gut improving its
bioavailability and possibly abolishing the laxative action.

Methods: Therefore, self-nanoemulsifying drug delivery systems (SNEDDSs) with each of
gelucire 44/14 (Glc) and D-o-tocopheryl polyethylene glycol 1000 succinate (TPGS) at differ-
ent drug:carrier weight ratios of 1:1, 1:2, 1:4, 1:6, 1:8 and 1:10 were prepared by melt method
and filled into hard gelatin capsules. The optimized binary systems were selected based on
solid state characterization, scanning electron microscopy (SEM) and in vitro evaluation of the
prepared SNEDDSs in comparison with their corresponding physical mixtures (PMs) and Dcn.
The optimized systems were further examined with respect to their morphology, size distribu-
tion and {-potential. Moreover, the anti-inflammatory activity of the optimized systems against
carrageenan-induced paw edema in rats was assessed through estimation of edema and edema
inhibition percentages as well as histopathological examination and immunohistochemical
localization of tumor necrosis factor-alpha (TNF-o1) and caspase-3.

Results: Significantly (P<<0.05) enhanced in vitro drug release was recorded for SNEDDSs with
either carrier when compared to Dcn and the corresponding PMs. SNEDDSs based on 1:10 Den:Gle
and 1:8 Den:TPGS showed significantly (P<<0.05) reduced edema and inflammation as well as
expression of TNF-o and caspase-3 relative to positive control and Dcn pretreated groups.
Conclusion: These SNEDDSs can be represented as potential oral drug delivery systems of Dcn for
enhanced dissolution and anti-inflammatory activity against carrageenan-induced paw edema.
Keywords: diacerein, gelucire 44/14, D-o-tocopheryl polyethylene glycol 1,000 succinate,
self-nanoemulsifying drug-delivery systems, anti-inflammatory activity, paw edema

Introduction
Osteoarthritis is a serious degenerative joint disease affecting 10% of the world population
aged >55-60 years.! Osteoarthritis treatment is challenging, because current therapies,
including nonsteroidal anti-inflammatory drugs (NSAIDs) allow symptomatic relief only,
without hindering the progression of joint degeneration.? In addition, NSAIDs cause
mucosal injury in the gut by depleting COX1-derived prostaglandins.? Therefore, an alter-
native therapy is necessary to downregulate cartilage degeneration without gut injury.
Diacerein (Dcn) is a promising chondroprotective agent that is converted into
rhein before absorption. Rhein inhibits the production of IL1B and nitric oxide,
which participate in cartilage degeneration.* Rhein does not affect prostaglandin
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production; therefore, no gastrointestinal mucosal damage
has been reported.’ Consequently, Dcn has been represented
as a first-line treatment of osteoarthritis, particularly for
patients in whom NSAIDs are contraindicated.*” However,
this drug is classified according to the Biopharmaceutics
Classification System as a class II drug, because it shows
low water-solubility. Therefore, its oral bioavailability is
low and variable (35%—56%), resulting in a limited thera-
peutic response.® Moreover, rhein residue unabsorbed in the
colon induces a laxative effect that has been attributed to the
enhanced secretion of water and electrolytes in the colon.’
Consequently, different drug-delivery systems (DDSs)
have been investigated to improve Dcn dissolution and
oral bioavailability. Among these, solid dispersions of Dcn
with polyethylene glycol (PEG),!*!! pluronic,'? or sorbitol'?
have been reported. Also, self-emulsifying systems of Dcn
employing various surfactants, such as Tween, Labrafil,
Labrafac, and Labrasol, as well as different oils, such as soy
oil, almond oil, olive oil and peanut oil, have been prepared
to enhance its bioavailability.'* Moreover, self-emulsifying
solid dispersions of Den employing PEG 6000, Tween 80,
and oleic acid provide increased drug dissolution.'
Self-nanoemulsifying DDSs (SNEDDSSs) are isotropic
mixtures formed of oil, surfactants, and cosurfactants that
produce oil-in-water emulsions into aqueous media upon
mild agitation.'® These systems spread readily in the gut,
and gastric motility provides the agitation required for self-
emulsification.!” SNEDDSs offer some advantages, such as
greater stability when compared to solid lipid nanoparticles'®
and liposomes.'® Furthermore, they can be put into gelatin
capsules, providing solid unit dosage forms to enhance
patient convenience, dose accuracy, and drug stability.?
SNEDDSs have been used to potentiate the solubility and
oral bioavailability of lipophilic drugs.?' Improved drug dis-
solution and increased membrane permeability and lymphatic
transport have been reported as the main reasons for enhanced
absorption of drugs incorporated in SNEDDSs.?>?3
Gelucire 44/14 (Glc) is an inert, amphiphilic, semisolid,
waxy material with a melting point of 44°C and hydrophilic—
lipophilic balance of 14.* Glc is formed by polyglycolysis of

hydrogenated palm-kernel oil using PEG | . . It is composed

1,500°
of 20% mono-, di-, and triglycerides, 72% mono- and diun-
saturated fatty-acid esters of PEG 1500 and 8% free PEG
1500.2* It has a unique composition, since it is formed of
different moieties, including surfactants (mono- and diesters
of PEG), cosurfactants (monoglycerides), and an oily phase
(di- and triglycerides). Consequently, Glc gives an emulsion
at body temperature in aqueous fluids. This induces pseu-

dosolubilization of poorly water-soluble drugs, increasing

their bioavailability.?> The solubility and therapeutic efficacy
of several drugs, including etodolac,? flurbiprofen,?” and
fexofenadine,?® have been improved through the formation
of SNEDDS based on Glc. This carrier shows Pgp-inhibitory
activity that can reduce drug efflux and enhance absorption.?
Esterification of vitamin E succinate with PEG 1000
produced D-a-tocopheryl PEG 1000 succinate (TPGS),
which is a water-soluble derivative of natural vitamin E.
This carrier has an average molecular weight of 1,513 Da.
It has a lipophilic alkyl tail, hydrophilic polar head, and
hydrophilic—lipophilic balance of 13.2.2® TPGS has a rela-
tively low critical micelle concentration of 0.02 wt%, above
which it forms a fine emulsion upon contact with an aque-
ous medium, and thus it can solubilize lipophilic drugs and
enhance their absorption.?® It has been reported that TPGS
exhibits Pgp-inhibitory activity, and hence it potentiates drug
permeability and absorption.?® It is a water-soluble waxy
solid possessing a melting-point range of 37°C—41°C. It has
been used successfully to enhance the solubility of different
water-insoluble compounds, such as paclitaxel,? celecoxib,*
corticosteroids,’ capuramycin analogue SQ641,3? and
propofol.* SNEDDSs based on TPGS as s single self-
emulsifying carrier have been successfully employed to
improve the dissolution of etodolac® and fexofenadine.?® It
is stable at a pH range of 4.5-7.5 and <10% is hydrolyzed
in neutral aqueous buffer after 3 months, yet it degrades in
alkaline media.’* The high stability at lower pH has been
also indicated by the degradation of 3.4% of TPGS within
8 hours at pH 1.0. It has been reported that the ester bond
between D-o-tocopheryl and succinic acid is stable.** TPGS
has a relatively high oral LD, (>7 g/kg) for young adult rats
of both sexes. It has been approved by the US Food and Drug
Administration as a safe pharmaceutical adjuvant.3*3
Therefore, this study aimed to improve Dcn dissolution
and anti-inflammatory activity through the preparation of
SNEDDSs with Glc and TPGS at different drug:carrier
weight ratios of 1:1, 1:2, 1:4, 1:6, 1:8, and 1:10 by melting, to
be then out into hard gelatin capsules. Solid-state character-
ization and in vitro evaluation of the prepared SNEDDSs and
their corresponding physical mixtures (PMs) were performed
to determine the optimized system with each carrier. The
optimized systems were further assessed for morphology,
size distribution, {-potential and therapeutic efficacy against
carrageenan-induced paw edema in rats.

Methods

Materials
Dcn was purchased from Provizer Pharma, India. Glc was
obtained as a gift from Gattefossé, Saint-Priest, France.
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A-carrageenan, TPGS, and methylcellulose were purchased
from Sigma-Aldrich, St Louis, MO, USA. All other chemi-
cals and solvents were of fine analytical grade.

Preparation of SNEDDSs

Dcn SNEDDSs were prepared with Glc and TPGS at
drug:carrier weight ratios of 1:1, 1:2, 1:4, 1:6, 1:8, and 1:10
by melting.?*?® Briefly, accurately weighed carrier amounts
were placed in a porcelain dish to be melted with continu-
ous stirring in a thermostatically controlled water bath at
50°C£1°C. Accurately weighed drug was added to the molten
carrier to be mixed with continuous stirring to obtain a homo-
geneous melt. The resultant melt was solidified at 4°C, then
left at room temperature overnight to attain equilibrium. For
comparison, corresponding PMs were prepared by mixing
the drug with each carrier using a mortar and a pestle. The
prepared systems, each equivalent to 50 mg Dcn, were put
into hard gelatin capsules.

Drug content

Drug-content uniformity of the prepared SNEDDSs and
PMs was determined by dissolving an accurately weighed
amount equivalent to 50 mg of Denina 100 mL 1:1 mixture
of acetonitrile:PBS pH 6.8 with sonication for 15 minutes.
The resultant mixture was then filtered through a 0.45 um
Millipore filter, suitably diluted, and analyzed spectrophoto-
metrically (Ultraviolet-visible, V-530; Jasco, Tokyo, Japan)
at 258 nm against a blank treated the same. All experiments
were performed in triplicate to estimate mean values.

Solid-state characterization

Solid-state characterization of pure Dcn and carriers (Glc
and TPGS), as well as the prepared SNEDDSs and their
corresponding PMs, was performed employing the follow-
ing techniques.

Fourier-transform infrared spectroscopy
Fourier-transform infrared (FTIR) spectra of the examined
samples were obtained (Thermo Fisher Scientific) employ-
ing compressed disks of a ground mixture of 2 mg of each
sample and 200 mg potassium bromide. Disks were scanned
over a wave-number range of 500—4,000 cm™. The FTIR
spectrum of each sample was determined by recording
characteristic bands.

Differential scanning calorimetry

Thermal properties of the studied samples were examined
(DSC-4; PerkinElmer, Waltham, MA, USA) by heating each
sample in crimped aluminum pans at heating rates of 5°C/min

over a temperature range of 30°C—400°C under nitrogen gas
flow. Indium (99.99% purity, melting point 156.6°C) was
used to attain temperature calibration.

X-ray diffractometry

X-ray diffraction (XRD) patterns of the prepared SNEDDSs
and corresponding PMs were recorded in comparison with
the drug and carriers. XRD patterns were obtained using a
diffractometer equipped with CoKo (Diano, Woburn, MA,
USA) and operated at 45 kV, 9 mA, and 26 angle.

Scanning electron microscopy

The morphological characteristics of pure Dcn and its pre-
pared SNEDDSs and respective PMs were examined using
scanning electron microscopy (SEM; JSM 5500 LV; JEOL,
Tokyo, Japan). The samples were sprinkled and fixed with
double-sided adhesive tape on a SEM holder. A layer of gold
of 150 °A was used to coat the fixed sample for 2 minutes with
a sputter coater (S-150A; Edwards, Crawley, UK) operating
in a vacuum (3x107" atm) of Argon gas.

In vitro dissolution studies

Dissolution studies of the prepared SNEDDSs and cor-
responding PMs compared to drug alone were performed
using a US Pharmacopeial Convention apparatus I (basket
method). Rotation speed was adjusted at 100 rpm. Dissolu-
tion medium consisted of 900 mL PBS pH 6.8 and main-
tained at 37°C+0.5°C. Aliquots of 5 mL were withdrawn at
predetermined time intervals of 5, 10, 15, 30, 60, 90, and
120 minutes and replaced with the same volume of a fresh
dissolution medium at 37°C+0.5°C. Samples were filtered
using 0.45 pm membrane filters, and filtrates obtained were
properly diluted with the buffer and measured spectropho-
tometrically (ultraviolet-visible, V-530) at 258 nm against
a blank treated the same. All experiments were carried out
in triplicate. Dissolution efficiency (DE) was calculated as
percentage of the area under the dissolution curve to time
t to that of the rectangle representing 100% dissolution
at the same time.”’® Relative dissolution rate (RDR) was
estimated as percentage dissolved Dcn from each binary
system either SNEDDS or PM to that of the drug alone at
the same time.3%%

Kinetic modeling of dissolution data

In order to elucidate the drug-release mechanism, in vitro dis-
solution data of the drug from the studied binary systems were
analyzed according to zero-order and first-order kinetics,*
as well as diffusion-controlled release mechanisms.*' The
Korsmeyer—Peppas kinetic equation (m/m_ = kt") was also
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employed.* The model with the highest correlation coeffi-
cient was considered to describe Dcn-release mechanism.

Size and (-potential measurements

A Zetasizer Nano ZS (Malvern Instruments, Malvern, UK)
utilizing dynamic light scattering (DLS) was used to evalu-
ate size distribution and {-potential of the optimized Dcn
SNEDDSs with Glc and TPGS. Measurements were done
in triplicate for each sample after reconstitution and proper
dilution with double-deionized water, to be then sonicated
to obtain uniformly distributed particles.

Transmission electron microscopy

The optimized formula of SNEDDSs with either carrier that
showed the greatest drug dissolution was further evaluated
for its morphology after dispersion into double-deionized
water. A drop of a properly diluted SNEDDS was placed on
a carbon-coated 300-mesh copper grid to dry slowly in air.
Then, the sample was stained with 2% w/v phosphotungstic
acid solution for 1 minute at room temperature. The image
was taken by transmission electron microscopy (TEM; JEOL
2100) set at an accelerated voltage of 200 kV.

Anti-inflammatory activity against
carrageenan-induced paw edema in rats
Animals and treatment

All animal experiments were carried out according to the US
National Institutes of Health Guide for the Care and Use of
Laboratory Animals (revised 1996). The ethical committee
of the Faculty of Pharmacy, Mansoura University, Egypt
approved the protocol. Animals were housed under 12 hours’
light—12 hours’ dark cycles at 25°C£1°C and relative humid-
ity of 55%%5%. They were allowed free access to standard
laboratory food and water.

Thirty healthy male Wistar rats weighing 180-220 g
were divided into five groups of six rats each to assess the
anti-inflammatory activity of the optimized SNEDDSs of
Dcn with each carrier in comparison with the free drug, as
well as normal and positive control groups. Group 1 received
normal saline (normal control, 0.1 mL). Rats in group 2 were
injected with 0.1 mL of 1% w:v A-carrageenan in saline into
the subplantar region of the right hind paw under light ether
anesthesia (positive control). Group 3 orally received Dcn
(100 mg/kg) dispersed in 0.5% methylcellulose 30 minutes
before A-carrageenan injection into the right hind paw. Groups
4 and 5 were pretreated orally with optimized SNEDDS with
Glc and TPGS, respectively, equivalent to 100 mg/kg Dcn
30 minutes before A-carrageenan injection into the right

hind paw. The investigated SNEDDSs were finely dispersed
into double-deionized water before oral administration to
rats. Using plethysmography, volume measurements of the
injected hind paw were carried out before carrageenan injec-
tion and at time intervals 0f 0.5, 1,2,3,4,5,6,7,8,12, and
24 hours following carrageenan injection. Edema and edema
inhibition of each group were estimated:*

vV -V
Edema (E) % = 1V 2 x 100%

E -E
Edema inhibition % = CE L x 100%

c

where V and V, are the mean paw volume before carrageenan
injection and after carrageenan injection at time 7, respec-
tively,and E_and E, are the edema percentages of control and
treated groups, respectively, at the same time interval.

At the end of the study (24 hours), the animals were
euthanized then thin and thick skin specimens in paw area
of the animals were separated. Specimens were fixed in
10% (v/v) buffered formalin and then routinely processed
until paraffin embedding for histopathological examina-
tion and immunohistochemical localization of TNF-o and
caspase-3.

Histopathological examination

Serial paw-skin sections (thin and thick) of paraffin blocks were
obtained and processed to be finally stained with hematoxylin-
eosin (H&E) and examined using light microscopy (Leica
Microsystems, Wetzlar, Germany).* Inflammatory response
intensity was evaluated in thin- and thick-skin specimens of
each animal as 0 = no inflammatory cells, 1 = inflammatory
cells <10%, 2 =inflammatory cells 10%—50%, and 3 = inflam-
matory cells >50%, all with respect to the cell population.*
All readings were performed blindly by a pathologist.

Immunohistochemical localization of TNF-o

and caspase-3

Thin and thick specimens of paraffin blocks of rat paws were
examined for immunohistochemical localization of TNF-o
and caspase-3 following a previously reported procedure.*64”
After paraffin removal with graded xylenes and rehydration
in ethanol, blockade of endogenous peroxidase activity was
achieved by treatment with 3% hydrogen peroxide (H,O,) for
5 minutes at room temperature. To attain antigen retrieval,
paw-skin sections were placed in glass jars containing 0.01 M
sodium citrate buffer of pH 6 and boiled in a microwave
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oven twice for 5 minutes each to permit immunoreactivity.
The slides were left to cool to be then rinsed with PBS pH 7.2.
The manufacturer’s instructions were followed to perform
immunohistochemical staining with ready-to-use polyclonal
antibodies for TNFo antibody (1:100 in PBS w:v; Santa Cruz
Biotechnology, Dallas, TX, USA) and caspase-3 (1:200 in
PBS w:v; Abcam, Cambridge, UK). Detection was performed
using a universal kit (Dako, Glostrup, Denmark) by washing
slides in PBS for 5 minutes and incubation with secondary
antibodies for 30 minutes. After section washing for 5 minutes
in PBS, antigen—antibody visualization was attained by 0.04%
3,3’-diaminobenzidine tetrahydrochloride for 1 minute. Sec-
tions were washed under running tap water for 10 minutes,
then counterstained with Mayer’s hematoxylin. Controls were
prepared by staining without primary antibodies. Positively
stained cells were observed by a senior pathologist using a digi-
tal camera (Olympus) placed on a microscope (Leica). Stain
intensity was scored according to 0 = no staining, 1 = week
staining, 2 = moderate staining, and 3 = strong staining.*

Statistical analysis

One way ANOVA followed by Tukey—Kramer multiple-
comparison tests were employed to analyze the data.
GraphPad Prism version 5.00 (GraphPad software, San
Diego, CA, USA) was used. At level P<<0.05, differences
were considered statistically significant.

Results and discussion

Drug content
Table 1 illustrates average drug content of the binary
systems. According to this table, Dcn content in the

Table | Drug content of the prepared binary systems

Binary system Drug content (%)
Glc TPGS

PM (1:1) 102.02+1.10 104.52+0.70
PM (1:2) 100.05£1.12 101.44%1.15
PM (1:4) 102.05+0.86 99.7840.38
PM (1:6) 99.88+2.31 96.11£1.04
PM (1:8) 98.63+2.22 100.86+2.30
PM (1:10) 100.43+3.50 103.41+2.60
SNEDD (1:1) 99.41+1.50 102.39+2.10
SNEDD (1:2) 104.02+3.20 96.15+4.40
SNEDD (1:4) 104.05+2.40 98.40+2.70
SNEDD (1:6) 97.06£1.08 99.58+3.30
SNEDD (1:8) 98.40+2.10 97.104£3.07
SNEDD (1:10) 97.36+2.40 100.27+1.30

Note: Data expressed as mean £ SD (n=3).
Abbreviations: Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol
1,000 succinate; PM, physical mixture; SNEDD, self-nanoemulsifying drug delivery.

prepared SNEDDSs and PMs with either carrier ranged
96.11%+£1.04%-104.52%:0.70%, complying with the phar-
macopoeial limit of 90%—110%.%

Solid-state characterization
Fourier-transform infrared spectroscopy

FTIR spectra of Den and carriers (Glc, TPGS), as well as pre-
pared SNEDDSs and their corresponding PMs, are presented
in Figure 1. Characteristic absorption peaks of Dcn were
observed at 3,438 cm™' (—OH stretching band of —-COOH),
1,771 cm™" (C=0 stretching band of ester group), 1,685 cm™'
(C=0 stretching band of —COOH), 752 cm™' (benzene),
1,025 cm™ (C-O, ester stretching), 1,595 cm™ (C=C,
aromatic ring stretching), and 2,935 cm™ (C—H, aliphatic
system stretching).!** Pure Glc and TPGS peaks appeared
at 1,739 cm™! (C-O stretching of ester) and 1,112 cm™ (C=0
stretching of alcohol) (primary or secondary; Figure 1).%
The presence of characteristic drug and carrier peaks with
no additional peaks in any PMs or SNEDDSs can negate any
interaction between the drug and either carrier, and suggests
Dcn stability in these systems.

Differential scanning calorimetry

Figure 2 illustrates differential scanning calorimetry (DSC)
thermograms of Dcn, Glc and TPGS, as well as PMs and
SNEDDSs of Dcn with each carrier. In Den thermograms,
a sharp endothermic peak appeared at 246°C, equivalent to
its melting point and indicating its crystalline anhydrous
nature.!! DSC thermograms of Glc and TPGS showed respec-
tive sharp endothermic peaks at 46°C and 39.5°C, represent-
ing the low melting points of these waxy carriers (Figure 2).%
PMs of Dcn and each carrier showed endothermic peaks of
both components up to drug:carrier weight ratios of 1:8 and
1:6 in case of Glc and TPGS, respectively. The disappear-
ance of the drug peak beyond these ratios can be attributed to
dilution by the higher content of the carrier. Meanwhile, Dcn
endothermic peaks disappeared at DSC curves of SNEDDSs
with Glc and TPGS at all drug:carrier weight ratios. This may
indicate complete conversion of Dcn into the amorphous
form or homogeneous dispersion of the partially crystalline
drug into the molten carrier. In accordance with FTIR results,
no new peaks were noticed in DSC curves of Dcn PMs or
SNEDDSs with both carriers, negating the possibility of
drug—carrier interaction.

X-ray diffractometry
XRD patterns of Dcn exhibited diffraction peaks at 5.18°,
10.51°, 17.35°, 21.06°, 21.44°, 21.90°, 25.06°, and 27.88°
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Figure | Fourier-transform infrared spectra.
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Notes: (A) Glc binary systems and (B) TPGS binary systems. (I) Dcn, (Il) carrier, (Ill) 1:2 PM, (IV) 1:4 PM, (V) 1:6 PM, (VI) 1:8 PM, (VII) I:10 PM; (VIIl) 1:2 SNEDDS, (IX) 1:4

SNEDDS, (X) 1:6 SNEDDS, (XI) 1:8 SNEDDS, (XIl) 1:10 SNEDDS.

Abbreviations: Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol 1,000 succinate; Dcn, diacerein; PM, physical mixture; SNEDDS, self-nanoemulsifying drug-

delivery system.

(20 degree), reflecting its crystalline nature (Figure 3).
XRD patterns of Glc demonstrated its crystalline structure,
as indicated by typical triglyceride peaks of 19.20° and
23.30° at 20 (Figure 3A).>' Regarding TPGS, predominant
peaks were observed at 19.12° and 23.12°, suggesting its
crystalline nature (Figure 3B).>2 PMs of Dcn and each car-
rier showed a reduction in intensity of drug peaks, possibly
due to dilution by the increased content of the carriers.
When compared to the corresponding PMs, diffractograms
of SNEDDSs with Glc or TPGS showed either noticeable
reduction (particularly with TPGS) or absence of Dcn peaks,
possibly indicating reduced crystallinity or amorphization of
the drug. In agreement with FTIR and DSC results, no new
peaks were observed in the examined PMs and SNEDDSs,
indicating the absence of interaction between the drug and
the carriers used.

Scanning electron microscopy

SEM of pure Dcn and its binary systems — either PMs or
SNEDDSs with Glc and TPGS — is presented in Figure 4.
Pure Dcn appeared as crystals of irregular shape and size.
Pure Glc (Figure 4A) and TPGS (Figure 4B) existed as
waxy lipids with smooth surfaces. In all PMs, irregular drug
crystals were present together with the smooth waxy Glc
(Figure 4A) and TPGS (Figure 4B), whereas, SNEDDSs with
Glc (Figure 4A) and TPGS (Figure 4B) presented a uniform

and homogeneous waxy surface similar to that of the pure
carriers, possibly due to the homogeneous drug dispersion
into the waxy carriers.?

In vitro release study
Decn in vitro release in PBS (pH 6.8) from capsules contain-
ing PMs or SNEDDSs with each carrier (Glc and TPGS)
compared to that of the drug alone is illustrated in Figure 5.
With either carrier, Dcn release from the prepared binary
systems (PMs or SNEDDSs) was biphasic. The initial burst
release was followed by a gradual-release phase. Such
behavior has been reported for these carriers.?*?® Therefore,
DE at 30 minutes (DE, ) was calculated as a dissolution
parameter during the initial burst-release phase to evaluate
the significance of effects of binary-system type (PM and
SNEDDS) and carrier concentration, as well as carrier nature
(Gle or TPGS), if any, on Dcn in vitro release (Table 2).
DE has been used as a dissolution parameter to evaluate the
effects of SNEDDSs with Glc or TPGS on dissolution of
incorporated drugs.?¢2

Physical mixing of the drug with Glc or TPGS at all
ratios, except 1:1 Dcn:Gle PMs, significantly (P<<0.05)
enhanced drug release compared to the drug alone (Figure SA
and C, respectively). Formulation of Dcn as SNEDDSs with
Glc and TPGS resulted in significantly (P<<0.05) higher
drug release than that seen with the drug alone and corre-
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Figure 2 Differential scanning-calorimetry thermograms.
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Notes: (A) Glc binary systems and (B) TPGS binary systems. (I) Dcn, (Il) carrier, (Ill) 1:2 PM, (IV) 1:4 PM, (V) 1:6 PM, (VI) 1:8 PM, (VII) 1:10 PM; (VIIl) 1:2 SNEDDS, (IX) I:4

SNEDDS, (X) 1:6 SNEDDS, (XI) 1:8 SNEDDS, (XIlI) 1:10 SNEDDS.

Abbreviations: Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol 1,000 succinate; Dcn, diacerein; PM, physical mixture; SNEDDS, self-nanoemulsifying drug-

delivery system.

sponding PMs (Figure 5B and D, respectively). Therefore,
it can be said that Dcn in vitro release was dependent on
the binary system being significantly (P<<0.05) higher in
the case of SNEDDSs, as was indicated by the significantly
higher average values of DE, of these systems relative to
those of corresponding PMs (Table 2). Calculated values
of RDR at the same time (RDR,) reflected such behavior
(Table 2). The faster drug dissolution on incorporation of
Dcn into SNEDDSs than physical mixing with either car-
rier may have indicated crystallinity reduction or complete
amorphization of the drug, as confirmed by DSC, XRD, and
SEM results (Figures 2—4). An amorphous drug is expected
to dissolve at a faster rate than a crystalline form, due to its
high energy.’®

With regard to carrier concentration, the effects of the
carriers differed. Generally, an increase in Glc concentra-
tion from drug:carrier weight ratio 1:1 to 1:10 signifi-
cantly (P<<0.05) enhanced Dcn release, except with 1:2

SNEDDS (Figure 5B), as reflected by mean DE, values
(Table 2), whereas, physical mixing of Dcn with increased
concentrations of TPGS from 1:1 to 1:10 drug:carrier
ratio resulted in an insignificantly different Dcn release
(Figure 5C), as suggested by DE, estimates in Table 2.
Beyond a drug:carrier weight ratio of 1:2, increased TPGS
concentration in its SNEDDSs with Dcn caused a signifi-
cant (P<<0.05) improvement in drug release (Figure 5D
and Table 2).

There was an insignificant difference regarding carrier-
nature effects on Dcn release following physical mixing with
Glc or TPGS (Figure 5A and C, respectively). On the other
hand, SNEDDSs showed significantly (P<<0.05) different
drug release up to 1:8 drug:carrier weight ratio. Interestingly,
SNEDDSs based on 1:8 Dcn: TPGS showed insignificantly
different drug release when compared to 1:10 Den:TPGS
and 1:10 Dcn:Gle SNEDDSs. DE, | estimates in Table 2
confirmed these results.
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Figure 3 X-ray-diffraction patterns.

Notes: (A) Glc binary systems and (B) TPGS binary systems. (I) Dcn, (ll) carrier, (lll) 1:2 PM, (IV) 1:4 PM, (V) 1:6 PM, (VI) 1:8 PM, (VII) 1:10 PM; (VIII) 1:2 SNEDDS, (IX) 1:4

SNEDDS, (X) 1:6 SNEDDS, (XI) 1:8 SNEDDS, (XII) 1:10 SNEDDS.

Abbreviations: Glc, gelucire 44/14; TPGS, D-c-tocopheryl polyethylene glycol 1,000 succinate; Dcn, diacerein; PM, physical mixture; SNEDDS, self-nanoemulsifying drug-

delivery system.

Collectively with solid characterization and SEM results,
in vitro release studies revealed that the optimized systems
were 1:8 Den:TPGS and 1:10 Den:Gle SNEDDSs, which
were further evaluated through particle-size and {-potential
measurements, as well as TEM examination. In addition,
these optimized systems were assessed with respect to their
influences on anti-inflammatory activity against carrageenan-
induced paw edema in rats compared to the drug.

Release kinetics

Due to the biphasic release pattern of Den from all prepared
binary systems, kinetic analysis of Dcn-release data from
these systems was carried out during burst- and gradual-
release phases (Tables 3 and 4, respectively). During the
burst-release phase, the results revealed that the release
mechanism of Dcn from these systems varied between
first- and zero-order kinetics (?=0.9142), and hence the
Korsmeyer—Peppas model was applied to verify the release
mechanism. Release exponent (n) values greater than the
unity suggested supercase II transport, which refers to
the erosion of polymer chain and could explain the initial
burst release (Table 3).> Meanwhile, the Higuchi diffusion
model showed drug release from these systems during the

gradual-release phase (Table 4). Accordingly, the Fickian
mechanism (diffusion-controlled release) during the gradual-
release phase was confirmed by n<<0.5.*?

Size and (-potential measurements
Optimized SNEDDSs were nanoscopic, with mean diameters
of 183+6.55 and 131£6.69 nm for 1:10 Dcen:Gle and 1:8
Dcn:TPGS, respectively. Average respective polydispersity
index values were 0.41+0.08 and 0.49%0.08, indicating uni-
form size distribution. Facilitated access of cells and tissue
is expected for nanoparticles of diameter <200 nm, permit-
ting enhanced bioavailability.> The faster drug absorption in
the upper gut may largely diminish the laxative effect, due
to unabsorbed rhein in the colon. Mean {-potential values
were —15.8710.95 and —23.40£1.35 for 1:10 Dcn:Gle and
1:8 Den: TPGS SNEDDSs, respectively, indicating hindered
particle aggregation on dispersion into aqueous media, since
the charged particles repel one another.>

Transmission electron microscopy

Figure 6 presents TEM images of 1:10 Dcn:Gle and 1:8
Dcn:TPGS SNEDDSs following dispersion into double-
deionized water. Inaccordance with particle-size measurements,
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Figure 4 Scanning electron microscopy.

Notes: (A) Glc binary systems and (B) TPGS binary systems. (I) Dcn, (ll) carrier, (lll) 1:2 PM, (IV) 1:4 PM, (V) 1:6 PM, (VI) 1:8 PM, (VII) 1:10 PM; (VIII) 1:2 SNEDDS, (IX) 1:4
SNEDDS, (X) 1:6 SNEDDS, (XI) 1:8 SNEDDS, (XII) 1:10 SNEDDS.

Abbreviations: Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol 1,000 succinate; PM, physical mixture; SNEDDS, self-nanoemulsifying drug-
delivery system.

this figure shows well-dispersed and nearly spherical par-  diameter, and hence particles larger than their actual size
ticles of diameter <200 nm, though the images show particles  are observed.*® Moreover, DLS is affected by the disper-
with diameters smaller than that determined by DLS. It has  sion/aggregation behavior of particles in solution.’” The
been reported that DLS records particles’ hydrodynamic  nanoscopic diameter may strongly reflect the possibility of
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Figure 5 (Continued)
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Figure 5 In vitro Dcn release in phosphate buffer (pH 6.8) from capsules containing PMs or SNEDDSs with each carrier compared to the drug alone.

Notes: (A) Glc PMs, (B) Glc SNEDDSs, (C) TPGS PMs, and (D) TPGS SNEDDSs.

Abbreviations: Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol 1,000 succinate; PMs, physical mixtures; SNEDDS, self-nanoemulsifying drug-

delivery system.

Table 2 Dissolution efficiency (DE) and relative dissolution rate
(RDR) of Dcn binary systems

Formula Dissolution parameter
code DE,, (mean +SD), | Fold RDR,,
n=3 increase
Dcn 4.03+0.27 - -
Glc
PM I:1 5.91+0.63 1.47 1.24
PM 12 18.90+0.23** 4.69 3.87
PM 1:4 12.56+0.63** 3.1 297
PM 1:6 13.54+0.55%* 3.36 2.8
PM 1:8 12.75+1.06** 3.16 3.08
PM I:10 16.10+1.46** 3.99 3.64
SNEDDS I:1 32.72+0.95% 8.11 5.87
SNEDDS 1:2 37.77+1.15% 9.36 6.58
SNEDDS 1:4 48.4810.34<4 12.02 7.52
SNEDDS 1:6 49.57+2.15%4 12.29 8.02
SNEDDS 1:8 52.83£3.56*<¢ 13.1 8.49
SNEDDS 1:10 59.49+].33<¢ 14.75 9.06
TPGS
PM I:1 13.99+0.81° 347 4.13
PM 1:2 15.08+0.95 3.74 4.28
PM 1:4 15.1940.86° 3.77 4.14
PM 1:6 15.48+0.12° 3.84 4.41
PM 1:8 16.4410.64° 4.08 427
PM I:10 14.98+1.18 371 42
SNEDDS I:1 28.38+2.04%< 7.04 6.1
SNEDDS 1:2 31.81+].28* 7.89 6.51
SNEDDS 1:4 38.36£1.57%¢ 9.51 7.0l
SNEDDS 1:6 42.13+1.18< 10.45 7.68
SNEDDS 1:8 58.18+].95%<4 14.42 9.06
SNEDDS 1:10 55.08+1.04<¢ 13.66 8.94

Notes: *Compared to Dcn, ®compared to 1:1 PM with the same carrier, “compared
to the corresponding PM with the same carrier, “compared to |:1 SNEDDS with
the same carrier.

Abbreviations: Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-o-tocopheryl
polyethylene glycol 1,000 succinate; PM, physical mixture; SNEDDS, self-
nanoemulsifying drug-delivery system.

improved absorption and bioavailability of Dcn upon incor-
poration into SNEDDSs with Glc and TPGS at respective
drug:carrier weight ratios of 1:10 and 1:8. This can result in
potentiated anti-inflammatory activity and reduced laxative
action of this drug.

Anti-inflammatory activity against

carrageenan-induced paw edema in rats
Edema inhibition

Figure 7 presents edema up to 24 hours and edema inhibi-
tion in groups pretreated orally with 100 mg/kg Dcn or an
equivalent dose of the two optimized SNEDDSs in com-
parison with the positive carrageenan group. Generally, all
pretreated groups (I1I-V) exhibited a significant (P<<0.05)
reduction in edema when compared to the positive con-
trol group (II; Figure 7A). Rats pretreated with optimized
SNEDDSs with either carrier (groups IV and V) showed
significantly (P<<0.05) lower edema than seen with the Dcn
group pretreated orally (III).

In accordance with in vitro release data, pretreatment
with 1:10 Den:Gle and 1:8 Den: TPGS SNEDDSs (groups [V
and V, respectively) experienced insignificantly different
edema percentages. In agreement, edema inhibition in
groups pretreated with either optimized SNEDDS was gen-
erally higher than those pretreated with Den up to 24 hours
(Figure 7B). The superiority of the optimized SNEDDSs
over free Dcn regarding anti-inflammatory activity against
carrageenan-induced paw edema in rats may be referred
to the amorphous nanoscopic Dcn particles permitting
enhanced in vitro release, and hence potentiated absorption
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Table 3 Kinetic analysis of drug-release data during burst-release phase

Formula Correlation coefficient (r?) Release order Korsmeyer Main release
code Zero-order First-order Higuchi model n r mechanism
Glc

PM I:1 0.9515 0.9222 0.8711 Zero 1.93 0.9674 Supercase ||
PM 1:2 0.9541 0.9914 0.9907 First 1.47 09176 Supercase ||
PM 1:4 0.9929 0.9865 0.9661 Zero 1.39 0.9914 Supercase ||
PM I:6 0.9991 0.9908 0.9838 Zero 1.69 09175 Supercase ||
PM 1:8 0.9892 0.9866 0.9651 Zero 1.42 0.981 Supercase ||
PM 1:10 0.9826 0.9944 0.9823 First 1.4 0.9635 Supercase ||
SNEDDS |:1 0.8949 0.9447 0.924 First 2.03 0918 Supercase ||
SNEDDS |[:2 0.9207 0.9759 0.9596 First 1.79 0.9102 Supercase ||
SNEDDS |:4 0.8809 0.9702 0.9403 First 1.17 0.9223 Supercase Il
SNEDDS 1:6 0.9029 0.9892 0.9549 First 1.33 0.9212 Supercase ||
SNEDDS 1:8 0.8877 0.9929 0.9471 First 1.44 0.899 Supercase ||
SNEDDS 1:10 0.8362 0.988 0.9125 First 1.4 0.8717 Supercase |l
TPGS Supercase Il
PM I:1 0.8805 0.9142 0914 First 2.52 0.9182 Supercase ||
PM I:2 0.9053 0.9445 0.9322 First 1.97 0.9492 Supercase |l
PM 1:4 09121 0.949 0.9408 First 1.86 0.9456 Supercase ||
PM I:6 0.9271 0.9683 0.942 First 1.84 0.9622 Supercase ||
PM I8 0.9444 0.9803 0.9622 First 1.8 0.935 Supercase |l
PM 1:10 0.9471 0.9806 0.9498 First 1.67 0.9599 Supercase ||
SNEDDS I:1 0.9764 0.9799 0.9599 First 2.38 0.9534 Supercase |l
SNEDDS 1:2 0.973 0.98 0.9607 First 1.8 0.9606 Supercase |l
SNEDDS 1:4 0.9687 0.9926 0.9839 First 1.49 0.9593 Supercase ||
SNEDDS |:6 0.9665 0.9928 0.9876 First 1.6 0.9425 Supercase |l
SNEDDS 1:8 0.9106 0.9703 0.9671 First 1.08 0.9289 Supercase |l
SNEDDS 1:10 0.9299 0.9781 0.9759 First 1.18 0.938 Supercase ||

Abbreviations: n, diffusion exponent; Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol 1,000 succinate; PM, physical mixture; SNEDDS, self-nanoemulsifying

drug-delivery system.

and bioavailability. Also, facilitated cell and tissue access
for nanoparticles of <200 nm diameter can also explain the
superiority of the optimized systems.

Histopathological examination

Microscopical examination results of thin and thick paw-skin
specimens are depicted in Figure 8. The results revealed
normal thin and thick skins in the normal control group (I).
Acute inflammation was recognized in dermal layers of thin
skin (Figure 8A) and in dermal and muscular layers of thick
skin (Figure 8B) in the positive control group (II) treated
with carrageenan only. The predominant inflammatory cells
were polymorphonuclear cells. Detachment and ulceration
were observed in epidermal layers of thin skin in positive
control group IT and were absent in pretreated groups (I1I-V).
In pretreated groups, less inflammation was noticed in both
thin (Figure 8A) and thick skins (Figure §B).

Results of statistical analysis of inflammation scores for
thin and thick skins are shown in Figure 9. The positive con-
trol group showed significantly (P<<0.05) higher inflammation
scores than the normal control. Pretreatment with Dcn, 1:10
Glc-SNEDDS, or 1:8 TPGS-SNEDDS resulted in a significant
(P<<0.05) reduction in inflammation when compared to the
positive control group. In comparison with the Dcn-pretreated
group, significantly (P<<0.05) lower inflammation scores were
observed on pretreatment with the optimized SNEDDSs.
When compared to normal control, there were insignificantly
different inflammation scores on pretreatment with the opti-
mized SNEDDSs. Drug amorphization confirmed by DSC
(Figure 2) and XRD (Figure 3) results and the nanoscopic
particles of the optimized SNEDDSs with Glc and TPGS
(Figure 6) can be considered major reasons for increased
dissolution (Figure 5B and D, respectively) and subsequent
enhanced absorption and anti-inflammatory activity.
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Table 4 Kinetic analysis of drug-release data during gradual-release phase

Formula code Correlation coefficient (r?) Release order Korsmeyer Main release
Zero-order | First-order | Higuchi model n r mechanism
Glc
PM I:I 0.9828 0.9859 0.9932 Higuchi 0.09 0.9982 Fickian
PM [:2 0.8492 0.7500 0.8818 Higuchi 0.06 0.9102 Fickian
PM |:4 0.9857 0.9888 0.9950 Higuchi 0.07 0.9992 Fickian
PM I:6 0.9366 0.9380 0.9584 Higuchi 0.02 0.9751 Fickian
PM |:8 0.9098 0.9106 0.9359 Higuchi 0.01 0.9573 Fickian
PM I:10 0.9862 0.9869 0.9953 Higuchi 0.02 0.9995 Fickian
SNEDDS I:1 0.9724 0.9798 0.9862 Higuchi 0.07 0.9943 Fickian
SNEDDS 1:2 0.9950 0.9987 0.9995 Higuchi 0.06 0.9996 Fickian
SNEDDS |:4 0.9255 0.9480 0.9492 Higuchi 0.08 0.9665 Fickian
SNEDDS 1:6 0.9957 0.9978 0.9997 Higuchi 0.02 0.9991 Fickian
SNEDDS 1:8 0.9934 0.9971 0.9990 Higuchi 0.02 0.9998 Fickian
SNEDDS 1:10 0.9991 0.9542 0.9996 Higuchi 0.09 0.9956 Fickian
TPGS
PM I:1 0.9229 0.9290 0.9471 Higuchi 0.12 0.9639 Fickian
PM 1:2 0.9597 0.9641 0.9767 Higuchi 0.08 0.9878 Fickian
PM 1:4 0.9908 0.9921 0.9978 Higuchi 0.04 0.9999 Fickian
PM 1:6 0.9951 0.9957 0.9996 Higuchi 0.02 0.9993 Fickian
PM 1:8 0.9652 0.9664 0.9809 Higuchi 0.02 0.9917 Fickian
PM I:10 0.8858 0.8888 09151 Higuchi 0.04 0.9394 Fickian
SNEDDS I:1 0.9770 0.9850 0.9890 Higuchi 0.06 0.9965 Fickian
SNEDDS 1:2 0.9731 0.9850 0.9867 Higuchi 0.05 0.9949 Fickian
SNEDDS |:4 0.9273 0.5573 0.9507 Higuchi 0.06 0.9682 Fickian
SNEDDS 1:6 0.9985 0.9991 0.9999 Higuchi 0.03 0.9969 Fickian
SNEDDS 1:8 0.9982 0.9975 0.9999 Higuchi 0.02 0.9969 Fickian
SNEDDS 1:10 0.9356 0.9537 0.9576 Higuchi 0.01 0.9748 Fickian

Abbreviations: n, diffusion exponent; Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol 1,000 succinate; PM, physical mixture; SNEDDS, self-nanoemulsifying
drug-delivery system.

Immunohistochemical localization of TNF-o. and strong in skin of the positive control group (II), moderate in
caspase-3 rats pretreated with Dcn (I1I), and mild in groups IV and V
Figures 10 and 11 illustrate immunohistochemical evaluation ~ of rats pretreated with the optimized SNEDDSs with Glc
of TNF-a and caspase-3 expression, respectively, inthinand  and TPGS, respectively.

thick rat-paw skin. Positive signals of TNF-or and caspase-3 Results of statistical analysis of immunohistochemical
antibodies were absent in skin of the normal control group (I),  intensity scores in examined thin and thick skins are presented
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Figure 6 Transmission electron microscopy of optimized SNEDDSs.
Note: (A) 1:10 Dcn:Glc SNEDDS and (B) 1:8 Den:TPGS SNEDDS.
Abbreviations: Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-a-tocopheryl polyethylene glycol 1,000 succinate; SNEDDS, self-nanoemulsifying drug-delivery system.
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Figure 7 Edema (A) and edema inhibition (B) in groups pretreated orally with 100 mg/kg Dcn or an equivalent dose of the two optimized SNEDDSs in comparison with

the positive carrageenan group.

Abbreviations: Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-a-tocopheryl polyethylene glycol 1,000 succinate; SNEDDS, self-nanoemulsifying drug-delivery system.

in Figure 12. This figure clarified that there was a significant
(P<0.05) elevation in TNF-o and caspase-3 expression in
thin and thick paw skins of positive control rats (II) relative
to normal rats (I). In contrast, a significant (P<<0.05) lower-
ing in TNF-o and caspase-3 expression in thin and thick paw
skins of rats pretreated with either Dcn (III) or the optimized
SNEDDSs (IV and V) was observed when compared to those
of normal control (I). In accordance with statistical analysis
of inflammation scores, insignificantly different TNF-o and
caspase-3 expression intensity in thin and thick paw skins

was recorded in rats pretreated with the optimized SNEDDSs
(IV and V). Dcn amorphization and nanosized particles
encountered with the optimized SNEDDSs can still explain
the potentiated anti-inflammatory activity of this drug against
carrageenan-induced paw edema in rats.

Conclusion

In comparison with Dcn and the corresponding PMs, signifi-
cantly (P<<0.05) enhanced in vitro drug release was recorded
for SNEDDSs with either Glc or TPGS. In vitro Dcn release
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Figure 8 Histological examination (H&E, 100x) of rat-paw skin.

Notes: (A) Thin skin and (B) thick skin. (I) Normal control showing normal picture, (Il) positive control with detachment of epidermal layer (arrows) and severe
dermal inflammatory reaction in thin skin (A, blue star), as well as severe inflammatory reaction in dermal and muscular layers in thick skin (B, blue stars), (lIl) rats orally
pretreated with Dcn (100 mg/kg) showing moderate dermal inflammatory reaction in thin skin (A, blue star), moderate inflammatory reaction in dermal and muscular
layers in thick skin (B, blue stars), (IV), (V) rats pretreated with 1:10 Dcn:Glc SNEDDSs or 1:8 Dcn:TPGS SNEDDS, respectively, exhibiting skin nearly retained its normal
picture.

Abbreviations: Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-a-tocopheryl polyethylene glycol 1,000 succinate; SNEDDS, self-nanoemulsifying drug-delivery system.
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Figure 9 Statistical analysis of inflammation scores in skins of experimental groups.

Notes: (A) Thin skin and (B) thick skin. Data are means + SEM, n=6; statistical differences at P<<0.05 considered significant; *vs normal control group, *vs positive control
group; Svs 100 mg/kg Dcn-pretreated group.

Abbreviations: Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-a-tocopheryl polyethylene glycol 1,000 succinate; SNEDDS, self-nanoemulsifying drug-delivery system.
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Figure 10 Immunostained rat-paw skin against TNF-c.
Notes: (A) Thin skin and (B) thick skin. (I) Normal group showing negative staining, (Il) positive control exhibiting strong staining, (lll) rats pretreated with 100 mg/kg Dcn

showing moderate staining, (V) and (V) rats pretreated with 1:10 Dcn:Glc SNEDDSs or 1:8 Den:TPGS SNEDDS, respectively, exhibiting mild staining. IHC counterstained

with Mayer’s hematoxylin (100x); insert (S, 200x).
Abbreviations: TNF-o, tumor necrosis factor-alpha; Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol 1,000 succinate; SNEDDS, self-

nanoemulsifying drug-delivery system; IHC, immunohistochemically.
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Figure || Immunostained rats paw skin against caspase-3.
Notes: (A) Thin skin and (B) thick skin. (I) Normal group showing negative staining, (Il) positive control exhibiting strong staining, (lll) rats pretreated with 100 mg/kg Dcn

showing moderate staining, (IV) and (V) rats pretreated with |1:10 Dcn:Glc SNEDDSs or 1:8 Dcn:TPGS SNEDDS, respectively, exhibiting mild staining. IHC counterstained

with Mayer’s hematoxylin (100x); insert (S, 200x).
Abbreviations: Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol 1,000 succinate; SNEDDS, self-nanoemulsifying drug-delivery system;

IHC, immunohistochemically.
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Figure 12 Statistical analysis of IHC intensity scores of rats paw skin.
Notes: (A) TNF-c in thin skin, (B) TNF-o in thick skin, (C) caspase-3 in thin skin, and (D) caspase-3 in thick skin. Data are means + SEM, n=6; statistical differences at P<<0.05
considered significant; *vs normal control group; #vs positive control group; $vs 100 mg/kg Dcn-pretreated group.

Abbreviations: TNF-0, tumor necrosis factor-alpha; Dcn, diacerein; Glc, gelucire 44/14; TPGS, D-o-tocopheryl polyethylene glycol 1,000 succinate; SNEDDS, self-
nanoemulsifying drug-delivery system; IHC, immunohistochemistry.

was dependent on the binary system type, carrier type, and

nature, particularly with SNEDDSs. The optimal systems
were 1:10 Den:Gle and 1:8 Den: TPGS SNEDDSSs, since they
showed the highest drug release among the binary systems

investigated. The crystallinity reduction or amorphization of

Dcn and the nanoscopic diameter exhibited by the optimized
SNEDDSs, in addition to the Pgp-inhibitory activity of both
carriers may explain their superiority regarding in vitro drug

release and anti-inflammatory activity against carrageenan-

induced paw edema.
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