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ABSTRACT
Objective: Diacerein is poorly water soluble non steroidal anti-inflammatory drug belongs to BCS class II with low oral bioavailability. This research
aimed towards formulation and evaluation of successful diacerein loaded niosomes in order to improve dissolution and hence its oral
bioavailability.
Methods: Eight formulations (N1-N8) were prepared by thin film hydration method using different ratios of cholesterol to non ionic surfactant
(Span 20 and 60) 1:2 and 1:3. The effect of the composition change of surfactant and cholesterol on the properties such as encapsulation efficiency,
particle size and drug release were studied. Also the effect of the presence of 0.5% (w/w) sodium deoxycholate as co surfactant was evaluated.
Results: The prepared niosomes were in the size range of 0.5-2.6 um. The order of encapsulation efficiency increases with increase in concentration
of Span 60. In vitro release study on diacerein niosomes indicates better release profile compared to free diacerein and 93.24% release at 60 min for
formulation N8 prepared with cholesterol: Span 20 (1:3) and 0.5% (w/w) sodium deoxycholate.
Conclusion: It was concluded that it is possible to enhance solubility and ultimately improve bioavailability of the drug by this promising approach.
Keywords: Diacerein, Niosomes, Cholesterol, Entrapment Efficiency, In Vitro Release.

INTRODUCTION
Vesicular systems offer a delivery means of drug in controlled manner to
enhance bioavailability and get therapeutic effect over a longer period of
time. Vesicular systems are lamellar structures made up of amphiphilic
molecules surrounded by an aqueous compartment. Vesicular systems
are useful for the delivery of both hydrophilic and hydrophobic drugs
which are encapsulated in interior hydrophilic compartment and outer
lipid layer respectively [1–4].
Liposomes are one of the vesicular systems which can encapsulate
various types of drugs in controlled or sustained manner to targeted
site and are more advantageous over other drug delivery systems,
but their high formulation cost and limited shelf life are key factors
leading to the need of developing such vesicular systems which can
overcome liposomes drawbacks. Niosomes or non-ionic surfactant
vesicles (NSVs) are multilameller vesicular systems similar to
liposomes are now widely studied as an alternative tool to solve the
drawbacks of liposomes.
They are analogous in terms of physical properties to phospholipid
vesicles, but they possess several advantages over them. The main
advantages are their chemical stability, lower toxicity, improved
therapeutic performance and easier handling and storage. Another
advantage of surfactant amphiphiles is their relatively low cost, which
makes them attractive for industrial production both in pharmaceutical
and cosmetic applications. Moreover niosome preparation for the
routine and large-scale production can be performed without using
pharmaceutically unacceptable solvents [5, 6]. Niosomal structural
properties allow the entrapment of drugs with different lipophilicities:
strongly lipophilic drugs are entrapped almost completely in the bilayer,
strongly hydrophilic drugs are located exclusively in the aqueous
compartment, and drugs with intermediate log P easily distribute
between the lipid and aqueous phases, both in the bilayer and in the
aqueous core [7].
Although pharmaceutical niosome formulations have yet to be
commercially exploited, a number of studies demonstrated the
potential of surfactant vesicles in drug delivery.
Examination of the literature reveals that surfactant drug delivery
systems play a significant role in formulation of bioactive molecules
to improve safety and efficacy to administration of several classes of

molecules like anti-neoplastic, anti-viral, anti-inflammatory, antimicrobial and proteins [8–13]. Besides this, niosomes has been used
to solve the problem of insolubility of some poorly soluble drugs
[14], instability and rapid degradation of drugs. [15]. Transdermal
delivery of various drugs such as minoxidil, enoxacin, aceclofenac
and estradiol are enhanced by encapsulation in niosomes [16–19].
The two basic components of niosomes are non-ionic surfactant and
cholesterol, non-ionic surfactants used due to their ability to
enhance solubility are used to increase bioavailability of poor water
soluble drugs. Non-ionic surfactant increases both permeability and
fluidity of biological membranes [20]. The presence of the steroidal
part (cholesterol) improves the rigidity of the bilayer and affects
bilayer fluidity, ion permeability, fusion processes, elasticity,
enzymatic activity, size and shape. This carrier system protects the
drug molecules from the premature degradation and inactivation
due to unwanted immunological and pharmacological effects. [2123] Diacerein, chemically 4, 5-diacetoxy-9,10-dioxo-9,10dihydroanthracene-2-carboxylic acid, is a non steroidal antiinflammatory drug and chondro-protective agent used in the
treatment of osteoarthritis. It belongs to BCS class II with low oral
bioavailability [24,25].
Diacerein lacks cyclo-oxygenase inhibitory activity and hence has no
effect on prostaglandin synthesis. It is a selective inhibitor of
interleukin-1 with a protective effect on granuloma induced
cartilage breakdown by its reduction of the concentration of proinflammatory cytokines [26, 27]. However, the poor aqueous
solubility and hence limited dissolution of diacerein mean that only
35-56% of the drug reaches the systemic circulation [28-29].
Poor bioavailability of a drug often results in a limited therapeutic
response. Therefore, the aim of the current work is to improve the
dissolution rate of diacerein via niosomal preparations and
consequently improvement of the bioavailability.
MATERIALS AND METHODS
Materials
Diacerein was obtained as a gift sample from EVA-pharma (Egypt),
Cholesterol 95% (Lot.STBB3727) and sodium deoxycholate ≥98%
(Lot.BCBH3437) were purchased from Sigma-Aldrich (U.S.A),
Sorbitan monolaurate (Span 20, HLB value of 8.6) and Sorbitan
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monostearate (Span 60, HLB value of 4.7) were purchased from
Fluka (Germany). All other chemicals and solvents were of analytical
grades.
Differential scanning calorimetry (DSC) investigations
DSC investigations were performed using DSC apparatus model DSC60 (Shimadzu, Japan).
Samples of about 5 mg of pure diacerein powder, cholesterol, Span
20, Span 60, sodium deoxycholate and physical mixture of each of
these substances with drug in a ratio of 1:1 were placed in an
aluminum pan and the experiment was carried out under nitrogen
atmosphere at a flow rate of 40 mL/min and scanning rate of
10°C/min in the range of 15-300°C.
Fourier transform infrared spectroscopy (FTIR)
IR spectra of diacerein, excipients and their drug physical mixtures
were recorded using infrared spectrophotometer (Shimadzu FT/IR
5300, Japan) in scanning range 400 to 4000 cm‐1 using by KBr disc
method.
Preparation of diacerein loaded niosomes by thin film
hydration method
Diacerein niosomes were prepared by thin film hydration
method. According to table 1, formulations N1-N4 were
prepared as follows: accurately weighed quantities of diacerein,
cholesterol and surfactant (Span 20 or Span 60) in different
ratios 1:2 and 1:3 (cholesterol: surfactant) were dissolved in 10
mL chloroform: methanol mixture (2:1 v/v) in round bottom
flask.
The organic solvent mixture was evaporated under vacuum in a
rotary evaporator (Stuart, U.K) at 60°C for 30 min, after this a
thin film was obtained. The flask was kept in a desiccator under
vacuum for 2 hr to ensure total removal of last traces of organic
solvents.
Hydration of the film was carried out using 10 mL of drug solution in
phosphate buffer pH 7.6. The resulting niosomal suspension was
mechanically shaken at 60°C for 15 min in a thermostatically
controlled shaking water bath (Memmert, France).
The suspension was then sonicated for 30 min leading to the
formation of multilamellar niosomes. The niosomal suspension was
left to mature overnight at 4°C and stored at refrigerator for further
studies.
For formulations N5-N8, the previous procedure was carried out in
addition to a known weight of sodium deoxycholate (0.5% w/w)
was added and dissolved in mixture of chloroform: methanol (2:1
v/v).
Characterization of diacerein loaded niosomes
Determination of niosomes encapsulation efficiency
The prepared vesicular formulations were separated from the free
un-entrapped diacerein by centrifugation of the niosomal
suspension for 1 h at 4°C in a cooling centrifuge [Sigma 3-30K,
Germany] at 12000 r.p.m. The obtained pellets in the bottom of the
centrifuge tube was washed with phosphate buffer pH 7.6 and recentrifuged to ensure complete removal of the un-entrapped drug.
The amount of entrapped diacerein was determined by dissolving of
the separated vesicles using 2.5% w/v sodium lauryl sulphate
solution, vortex for 3 min then heating to 60°C and cooling the
solution to room temperature then centrifugation of the solution at
4000 rpm for 30 min. Finally 1 mL of the supernatant was
appropriately diluted with phosphate buffer pH 7.6 then measured
at 257 nm using UV spectrophotometer (Jasco V530, Japan). The
diacerein entrapping efficiency was determined using equation 1. All
experiments were carried out in triplicate and presented in table 1as
means ± S.D.

Entrapment efficiency (%) =

Amount of diacerei n entrapped
Total amount of diacerein used

x100 → Eq. 1

Table 1: It shows composition of different diacerein niosomes
formulations
Formula
No.

Drug : Cholesterol :
Surfactant

Surfactant
Type Ratio

N1
N2
N3
N4
N5
N6
N7
N8

1:1:2
1:1:3
1:1:2
1:1:3
1:1:2
1:1:3
1:1:2
1:1:3

Span
60
Span
20
Span
60
Span
20

50%
60%
50%
60%
50%
60%
50%
60%

Sodium
deoxycholate
0.5 % w/w
+
+
+
+

Sodium deoxycholate 0.5 % w/w: Absent (-), Present (+)
Determination of zeta potential and particle size
The zeta potential and particle size were determined by suspending
4 mg of niosomal powder in 3 mL distilled water. The particle size of
niosomal dispersion was measured using Malvern PCS-4700 system
(U.K), while zeta potential of the samples was determined by using
Malvern-2000 zetasizer (U.K). All experiments were repeated in
triplicate and the average data ± SD was presented in table 1.
Transmission electron microscopy (TEM)
The morphology of some selected hydrated niosomal dispersions
was determined by transmission electron microscopy. A drop from
diluted niosomal dispersion was applied to a carbon-coated 300mesh copper grid and left to adhere on the carbon substrate for
about 1 min. The remaining dispersion was removed by a piece of
filter paper. Uranyl acetate 1% aqueous solution (one drop) was
added to stain the niosomes for 35 seconds and the excess solution
was removed by the tip of filter paper. The sample was air dried and
observed under the transmission electron microscope (Joel JEM2100, Japan) at 80kV and the photographs were taken at 60,000X
magnification.
In vitro release study
In vitro studies of diacerein loaded niosomes were performed using
a USP dissolution tester, apparatus I (Hanson Research, SR 8 plus
model, Chatsworth, U.S.A) with some modification as illustrated in
figure 1.
The dialysis membrane (high media dialysis membrane, 800010,000 MW cutoff, SERVA, Germany) previously soaked in warm
water for 10 min was attached by mean of elastic rubber to one
end of donor compartment [a glass tube 2.5cm diameter and
7.5cm height]. The niosomal preparation equivalent to 50 mg
drug was added over the dialysis membrane, and then the glass
tube was fixed to dissolution shafts with the free end. Phosphate
buffer solution 900 ml of pH 7.6 maintained at 37 ± 0.5°C in
dissolution flask acts as receptor compartment, stirring speed
was 100 rpm. After appropriate time intervals during 60 min,
aliquots of 5 mL were withdrawn and measured spectrophotometrically at λ max of 257 nm. The percent drug released
was determined using equation 2.
% drug released =

Mt
Mi

× 100 → Eq. 2

Where Mi and M t are the initial amount of drug encapsulated in
the niosomes and the amount of drug released at the time t
respectively. All the experimental procedure was repeated in
triplicates.
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Fig. 1: It shows diagrammatic sketch for in vitro release method.

Fig. 2: It shows DSC thermograms of a. Diacerein, b. Cholesterol, c. Diacerein-Cholesterol physical mixture, d. Span 20, e. Diacerein-Span 20
physical mixture, f. Span 60, g. Diacerein-Span 60 physical mixture, h. Sodium deoxycholate, i. Diacerein-Sodium deoxycholate physical mixture

Fig. 3: It shows FTIR spectra of a. Diacerein, b. Cholesterol, c. Diacerein-Cholesterol physical mixture, d. Span 20, e. Diacerein-Span 20
physical mixture, f. Span 60, g. Diacerein-Span 60 physical mixture, h. Sodium deoxycholate, i. Diacerein-Sodium deoxycholate physical
mixture.
Model Independent Approaches: Percent dissolution efficiency
(% DE) The dissolution efficiency (DE) is defined as the area under
the dissolution curve up to a certain time (t), expressed as a
percentage of the area of the rectangle described by 100%
dissolution in the same time.
%D. E =

t
0 y.dt

y100 .t

x 100% → Eq. 3

A model-independent, mathematical approach proposed by Moore
and Flanner [30] for calculating f1 and f2 was used for comparison
among the dissolution profiles. The f2 and f1 is a measure of
similarity and dissimilarity factor respectively, between two
dissolution profiles and is given by equations 4 and 5 respectively.
𝑓2 = 50 𝑥 log {[1 +
𝑛
𝑗 =1 𝑅𝑗 − 𝑇𝑗
𝑛 𝑅
𝑗 =1 𝑗

1
𝑛

𝑛
𝑗 =1

𝑅𝑗 − 𝑇𝑗

2 −0.5

]

𝑥 100 } → Eq. 4

% DE at 30 and 60 minutes were calculated for all formulae for
comparison according to equation 3.

𝑓1 =

Initial dissolution rate (%/min)

In which n is the number of withdrawal points, Rj is the percentage
dissolved of reference at the time point t, and T j is the percentage
dissolved of test at the time point t. A value of 100 for f2 suggests
that test and reference profiles are identical. Values between 50 and
100 indicate that the dissolution profiles are similar, where as
smaller values imply an increase in dissimilarity.

To compare dissolution rate enhancement of diacerein from
niosome formulae, initial dissolution rate (IDR) was calculated
as percentage dissolved of drug over the first 15 minutes per
minute.

x 100 → Eq. 5

Similarity factor (f2) and difference factor (f1):
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The difference factor (or dis-similarity factor) f1 measures the
percent error between two profiles over all time points. The value of
f1 is zero when the test and drug reference profiles are identical and
increase proportionally with the dissimilarity between the two
dissolution profiles.

cm−1 (C-H, stretch, aliphatic, sym), 1770 cm−1 (C=O, stretch, ester),
1678 cm−1 (C=O, stretch, COOH), 1693 cm−1 (C=O, stretch, ketone),
1593 cm−1 (C=C, stretch, aromatic), 1450 cm−1 (C-O, stretch, COOH),
1026cm−1 (C-O, stretch, ester) and 704 cm−1 (benzene ring) [31].

In vitro release data were fitted to various kinetic models including
zero order, first order and Higuchi diffusion model by employing
regression analysis technique to determine the probable drug
release mechanism.

IR spectra of diacerein with all other niosomes components under
test, showed the same characteristic bands of the drug and
excipients in the same regions and at the same range but may be
with decreasing intensity in some cases which may be due to its
dilution in the mixture (1:1 ratio) and there was no new bands
observed so no chemical interactions between the drug and
niosomes components.

RESULTS AND DISCUSSION

Characterization of diacerein loaded niosomes

Differential scanning calorimetry (DSC) investigations

Determination of niosomes encapsulation efficiency

This investigation was performed to detect any physical interactions
between diacerein and any excipients used in preparation of
niosomes. From figure 2, DSC thermograms of diacerein and
cholesterol showed a sharp, characteristic endothermic melting
peak at 255.14°C and 146.23°C respectively. While in
diacerein/cholesterol physical mixture there was an endothermic
peak at 250.13°C corresponding to that of diacerein and another
endothermic peak at 145.65°C corresponding to cholesterol. These
results indicate absence of physical interaction between drug and
cholesterol. Also it is obvious that there was no major changes
happened in DSC parameters of diacerein in case of Span 20 and
Span 60, since the characteristic drug melting peak appeared at
252.42°C in diacerein/Span 20 physical mixture and at 253.72°C in
diacerein/Span 60 physical mixture.

As shown in table 2, diacerein has been successfully incorporated
into niosomes with entrapment efficiency ranges from 35.90±1.03 to
74.09±2.66 % w/w. The effect of surfactant type, surfactant
concentration and presence of sodium deoxycholate was studied.

Kinetic analysis of drug release data

Upon examining DSC thermogram of sodium deoxycholate, there
was an endothermic peak at 249.2°C corresponding to diacerein.
Any changes happened in peak shape and height/width ratio may be
due to mixing process that reduced purity of each component in the
mixture due to dilution. From this study the following could be
concluded, the drug is present in crystalline state and absence of any
possible interaction between drug and other niosomes components.
Fourier transform infrared spectroscopy (FTIR)
The infrared spectrum of diacerein is shown in figure 3, the principal
absorption bands of diacerein were observed at 3421 cm−1 (O-H,
stretch, broad, COOH), 3066 cm−1 (C-H, stretch, aromatic), 2935

Fig. 4: Histogram of entrapment efficiency,
Zeta potential and particle size of different
diacerein loaded niosomes formulations.

Table 2: It shows characterization parameters of different
diacerein loaded niosomes.
Formula
No.

Entrapment
Efficiency (% w/w)
(means ± S.D)

N1
N2
N3
N4
N5
N6
N7
N8

59.13 ± 1.23
74.09 ± 2.66
54.00 ± 1.65
39.60 ± 2.23
51.49 ± 1.19
70.82 ± 1.14
46.40 ± 2.12
35.90 ± 1.03

Zeta
potential
(mV)
(means ±
SD)
-53.2 ± -1.48
-52.4 ± -0.99
-57.3 ± -1.12
-63.4 ± -1.22
-54.5 ± -1.32
-52.9 ± -1.83
-61.5 ± -1.97
-64.2 ± -0.94

Particle
size (µm)
(means ±
SD)
2.165 ± 3.11
2.671 ± 1.99
1.863 ± 1.74
1.286 ± 1.68
1.964 ± 2.01
2.213 ± 3.94
0.929 ± 1.52
0.505 ± 2.35

The effect of surfactant type (table 2 and figure 4), it can be noticed
that changing the surfactant type from Span 20 to Span 60 resulted
in a noticeable increase in encapsulation efficiency. This result could
be due to the surfactant chemical structure, all Spans types have the
same head group but with different alkyl chains length. Increasing
the alkyl chain length leads to higher entrapment efficiency.

Fig. 5: It shows particle size distribution curves of diacerein loaded niosomes
formulations N1-N8.

Span 60 (C24H46O6) has longer alkyl chain than Span 20 (C18H34O6) so
it decreases permeability of the membrane and hence increase the
encapsulation efficiency of the drug [32-34]. In addition, Span 60 has
higher transition temperature (53°C) than Span 20 (16°C) and it is
reported that Spans with highest transition temperatures provide
the highest entrapment for the drug and vice versa [35].
The effect of surfactant concentration, the results listed in table 2
and figure 4 reveals that increasing Span 60 concentration from

50% (N1) to 60% (N2) led to an increase in encapsulation efficiency
from 59.13 to 74.09 % w/w, while increasing Span 20 concentration
from 50% (N3) to 60% (N4) resulted in a decrease in encapsulation
efficiency from 54.00 to 39.60 % w/w.
This might be due that increasing Span 60 concentration will make
niosome membrane less permeable and hence promote the
encapsulation efficiency, while increasing the concentration of Span
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20 will increase the permeability of the vesicles’ membrane so
eventually will decrease the encapsulation efficiency.
The effect of incorporating sodium deoxycholate in niosomal
preparation (formulations N5- N8) while keeping other factors
constant led to a decrease in encapsulation efficiency compared
to other formulae without sodium deoxycholate (formulations
N1-N4).
This could be attributed to increased elasticity of the membrane
due the presence of sodium deoxycholate which acts as a co
surfactant this will eventually lead to increasing permeability of
the vesicle membrane resulting in a decrease in encapsulation
efficiency [36].
The prepared formulae could be arranged in ascending order
according to their encapsulation efficiency as follows: N8 < N4 < N7
< N5 < N3 < N1 < N6 < N2.
Zeta potential and particle size measurements
Zeta potential values of niosomal preparation range from -52.4±-1.6
to -63.7±-2.53 mV (table 2 and figure 4). It can be noticed that zeta
potential values increased with increasing hydrophilicity of the
surfactant. Consequently the zeta potential values of niosomal
formulae containing Span 20 (HLB value of 8.6) is higher than that of
niosomal formulae containing a less hydrophilic Span 60 (HLB value
of 4.7) [37].
Moreover, it was noticed that the increase in Span 20
concentration has a different effect on niosomes zeta potential
values. As the concentration was increased the zeta potential
values increases from -61.5±-1.97 mV (N7) to -64.2±-0.9 mV
(N8), while increasing Span 60 concentration resulted in a
decrease in the zeta potential values from -54.5±-1.32 mV (N5)
to -52.9±-1.83 mV (N6).
Incorporation of sodium deoxycholate in niosomal preparation is
seemed to increase zeta potential values of niosomes preparations,
however this increase was found to be non significant. Particle size
analysis results shown in table 2 and figure 5 revealed that,
diacerein loaded niosomes exhibited a particle sizes ranging from
0.505±2.3 µm to 2.671±1.99 µm. It was well noticed that changing
surfactant type has an effect on particle size of niosomes. Span 60
containing niosomes were larger in size than niosomes containing
Span 20 in their components.

TEM images of some selected diacerein loaded niosomes were
shown in figure 6. Shape and surface characteristics of the optimized
formulae N4 and N8 were spherical and had smooth surfaces.
In vitro release study
The in vitro release profiles of diacerein from niosomes formulae
and free diacerein are shown in (figure 7 A&B). The in vitro release
data reveal that the release of diacerein drug powder was lower
than the drug release from niosomal formulations.
The current investigation showed that surfactant structure has an
effect on drug release from niosomes. The vesicles formed with Span
20 had a greater release percentage of diacerein than vesicles
formed with Span 60.
These results can be explained in the light of surfactant structure. As
mentioned previously, sorbitan monostearate niosomes exhibit an
alkyl chain length dependent release rate. The longer the chain
length the lower the release so Span 60 that have longer alkyl chain
showed slower release. Also the slow release obtained in case of
Span 60 vesicles could be attributed to the larger vesicles’ size it
provides and higher phase transition temperature it has.
It was also noticed that surfactant concentration has some effect on
niosomal release. Increasing the concentration of Span 20 led to an
increase in drug release as it led to smaller particle size so increased
the surface area available for release. However increasing Span 60
concentrations led to a decrease in diacerein release from niosomes
as it caused an increase in vesicles’ size and as a result the surface
area offered for release also decreased.
The large vesicle size of Span 60 formulations also tends to act as
barrier to the drug release thereby reducing it. It is to be noticed
that the in vitro release results are consistent with those of
entrapment efficiency; formulations N2 and N6 with highest
entrapment efficiency 74.09 and 70.82% w/w respectively show low
drug release 67.64 and 95.74% respectively after 60 min (figure 8).
Similar results were obtained by Guinedi et al [39]. Sodium
deoxycholate increased the percentage released slightly because it
can work as a co surfactant and increase the flexibility of vesicles
membrane and hence increase the drug release and also it can
contribute to formation of smaller vesicles size and increasing the
surface area available for release.

These results can be explained on the basis of surfactant structure,
since it’s well known that the diameter of the vesicles is dependent
on the length of the alkyl chain of the surfactants. Surfactants with
longer alkyl chains generally give larger vesicles [35].
This might be the reason for smaller particle size of niosomes
prepared with Span 20 (C18H34O6) and larger particle size of
niosomes prepared with Span 60 (C24H46O6).
Surfactant concentration had some effect on niosomes size.
Increasing Span 60 concentration led to an increase in particle size
from 2.165µm (N1) to 2.671µm (N2), on the other hand increasing
Span 20 concentrations resulted in a decrease in niosomes size from
0.929 (N7) to 0.505µm (N8).
Presence of sodium deoxycholate resulted in a decrease in
particle size compared to other formulations that contain no
sodium deoxycholate. This reduction of the particle size for
niosomes may be ascribed to increased flexibility and reduced
surface tension of the vesicles due to the presence of sodium
deoxycholate [38].
The prepared formulae could be arranged in ascending order
according to their particle size as follows: N8 < N4 < N7 < N5 < N3 <
N1 < N6 < N2.
Transmission electron microscopy (TEM)

Fig. 8: It shows histogram of % diacerein released after 60 min
from different loaded niosomes formulations.
Considering the % drug released after 60 min (figure 8), the
prepared formulae can be arranged in ascending order as follows:
N2 < N6 < N1< N3 < N5 < N7 < N4 < N8.
3.4. Model Independent Approaches
The calculated %DE5min, %DE30min and IDR values of pure diacerein
and its loaded niosomes formulae are presented in table 3. For pure
diacerein %DE 5min was 3.115, %DE 30min was 15.197 while IDR15min
was 1.027 %/min and this indicates that the dissolution of pure
diacerein is poor and slow and this was attributed to the
hydrophobicity of the drug.
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Fig. 6: It shows transmission electron photomicrographs of diacerein loaded niosomes formulations N4 and N8.

Fig. 7: It shows in vitro diacerein release profiles from niosomes formulations N1 to N8 compared with pure drug.
Table 3: It shows dissolution parameters of different diacerein loaded niosomes formulations.
Formula No.
N1
N2
N3
N4
N5
N6
N7
N8
Pure diacerein

%DE 5min
18.273
12.673
20.266
22.273
19.772
16.916
20.562
21.781
3.115

%DE 30min
45.426
36.534
52.389
57.834
49.418
41.795
55.081
57.331
15.197

IDR 15min
3.436
2.831
4.023
4.398
3.756
3.109
4.152
4.341
1.027

f2
27.14
35.59
23.19
19.19
24.36
29.82
21.07
19.09

f1
117.44
78.73
140.00
169.75
133.71
103.86
155.35
170.50

DE 5 min: Dissolution efficiency at 5 min. DE 30 min: Dissolution efficiency at 30 min. IDR 15 min: Initial dissolution rate over the first 15 min. f2: Similarity
factor. f1: Difference factor.
Formulation of diacerein in loaded niosomes resulted in significant
enhancement of diacerein dissolution and this is clear from the
values of %DE 5min, %DE 30min and IDR15min compared to the pure
drug. The results obtained revealed that all diacerein loaded
niosomes have faster dissolution than pure diacerein. %DE 5min
ranged from 12.673 (N2) to 21.781 (N8) while IDR 15min ranged from
2.831%/min (N2) to 4.398%/min (N4)
Concerning the similarity factor (f2) and difference (f1) values in
table (2), it is clear that all the prepared drug loaded niosomes
showed significant different dissolution profiles from that of pure
diacerein.

Kinetic analysis of drug release data
Mathematical models are commonly used to predict the release
mechanism and compare release profile. For all the formulations
(N1 to N8), the cumulative per cent drug release versus time (zero
order), log cumulative per cent drug remaining versus time (first
order), and the cumulative per cent drug release versus square root
of time (Higuchi plot) were plotted separately.
In each case, R2 value was calculated from the graph and reported in
table 4. Considering the determination coefficients, Higuchi model
was found to fit best the release data from the formulae containing
Span 60.

Table 4: It shows regression analysis of drug release data obtained from different niosomes formulations.
Observed R2 for
zero
First
Higuchi
Release Model

N1
0.8809
0.9502
0.9767
Higuchi

N2
0.9117
0.9607
0.9904
Higuchi

N3
0.8239
0.9528
0.9520
First

N4
0.8586
0.9802
0.9693
First

N5
0.8674
0.9558
0.9716
Higuchi

N6
0.8971
0.9533
0.9832
Higuchi

N7
0.8504
0.9750
0.9660
First

N8
0.8745
0.9841
0.9769
First

Diacerein
0.9909
0.9959
0.9679
First
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This demonstrates that diacerein molecules were dispersed in the
niosomes matrix and there was no interaction between the drug and
niosomes material. The results are in good consistency with the
experimental results observed by Guinedi et al [39].
On the other hand the first order release model fitting of the release
data shows that the release rate was concentration dependent and
this is obvious for the formulae containing Span 20.
CONCLUSION
Diacerein was successfully formulated into loaded niosomes with
encapsulation efficiency reaching up to 74.09 %, particle size ranged
from 0.505 to 2.671µm and zeta potential ranged from -52.4 to -64.2
mV. DSC and IR investigations revealed the compatibility between
diacerein and niosomes components.
All the prepared niosomes formulae had better release profile
compared to free diacerein, formula N8 gave the best release
percentage compared to other formulae.
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