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Abstract

Cilostazol was selected as poorly-soluble model drug to investigate the impact of the manufacturing method on the excipient
functionality of PEG4000 at various levels. Powder blends were prepared by direct compression (DC), wet granulation (WG) and
hot-melt extrusion (HME). Characteristics of these blends and their compressed tablets were investigated by standard techniques.
Solid-state characterization was carried out using differential scanning calorimetry (DSC). While DC trials were found with no
significant differences, WG and HME showed contrasting enhancement and retardation effects regarding the dissolution profile of
Cilostazol tablets depending on the level of PEG4000 incorporated. The optimal enhancement of dissolution was obtained at 10%
w/w PEG4000 for tablets prepared by HME. DSC analysis indicated that no solid solutions were formed at such low levels of PEG-
4000during processing by either manufacturing techniques. Consequently, the wetting functionality and dissolution enhancement
of PEG4000 was revealed to be level- and manufacturing method dependent.
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Introduction
poorly soluble drugs. Moreover, few APIs imply the ne-

cessary characteristics during the tableting process. To

APIs with poor solubility represent 40% of the marketed
drug entities and almost 90% of molecules in the pipeli-
ne of discovery (Repka et al. 2008; Kalepu and Nekkanti
2015). For many drug substances, conventional methods
of formulating tablets dosage forms such as direct com-
pression and wet granulation provide clinically effective
therapy while keeping the required balance of pharmaco-
dynamic and pharmacokinetic profiles without any effect
on patients safety. However, there are some limitations
to the use the conventional methods of formulation with

overcome the poor solubility as well as the poor physical
characteristics of some APIs, tablets manufacturing could
imply complex processes or rather different manufactu-
ring approaches.

Hot-melt extrusion (HME), is an example of such tech-
niques that were proven as a viable technique in pharma-
ceutical manufacturing. HME technique has been demon-
strated to be applicable in preparing immediate release
granules, sustained-release tablets, transdermal and trans-
mucosal drug delivery systems (Regev et al. 2019; Ren et
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al. 2019; Yang et al. 2019; Tang et al. 2019; Sanoufi et al.
2020). Several pharmaceutical products manufactured
by HME technique are now commercially available such
as Nurofen, Isoptin SR-E and Kaletra (Maniruzzaman et
al. 2012). The vast majority of HME studies for solubili-
ty enhancement were trying to solve the poor solubility
problem by changing the molecular level of the API and
forming solid dispersions by incorporating hydrophilic
carriers (Leuner and Dressman 2000; Albers et al. 2009;
Kalivoda et al. 2012; Weatherley et al. 2013; Zi et al. 2019).
Different types of dispersions can be obtained using melt
extrusion of a drug within a polymer in a binary mixtu-
re. i.e. the drug could be dispersed molecularly within the
carrier (polymer) or exists on its amorphous or crystalli-
ne original phase. In such an approach, a high polymer
to drug ratio is usually required to maintain the physical
stability of the solid extrudates whether the drug is solubi-
lized or dispersed (Patil et al. 2016).

However, the usefulness of HME technique in enhan-
cing drug dissolution simply through improved wettabi-
lity and solubilization upon using hydrophilic polymers
at a low polymer to drug ratio was overlooked. In addi-
tion, few studies have put HME into comparison with
other conventional methods regarding their effect on the
solubility and dissolution for formulations incorporating
hydrophilic polymers. Therefore, the aim of this work was
to study and clarify the effect of PEG4000 as a hydrophilic
polymer on the dissolution of Cilostazol as a model poorly
soluble drug in a tablet dosage form (Figure 1). Additio-
nally, this work aimed to clarify how the different manu-
facturing technologies may contribute to Cilostazol disso-
lution without changing the crystalline form of the APL.
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Figure 1. The chemical structure of (A) Cilostazol and (B)
PEG4000. The average value of n in PEG4000 is 90.
Methodology

Abbreviations

DC, Direct compression; DSC, Differential scanning ca-
lorimetry; API, Active Pharmaceutical Ingredients; CI,
Carr’s index; GRAS, Generally regarded as safe; HME,

Hot-melt extrusion; HPMC, Hydroxy-propyl-methyl-cel-
lulose; PSD, Particle Size Distribution; PEG, Polyethylene
Glycol; RSD, Relative Standard Deviation; SD, Standard
Deviation; WG, Wet Granulation; LOD, loss on drying.

Materials

Cilostazol used in the study was produced by Cadila LTD
Company (Ahmedabad, India), PEG 4000 was from by
Seppic company (La Garenne-Colombes, France). Avicel
PH102 was from FMC Corporation (Philadelphia, PA,
USA). Lactose Monohydrate was from DFE Pharma
Company (Tamil Nadu, India). Carmellose Calcium was
from Nichirin Company (Hyogo Prefecture, Japan). Col-
loidal Silicon Dioxide was from Evonik (Essen, Germany).
Magnesium Stearate was from Merck (New Jersey, USA).
Sodium lauryl sulfate was from Sigma Aldrich (St. Louis,
MO, USA).

Direct compression process

A standardized formula of Cilostazol tablets was prepared
by DC technique using the composition of the prototype
formula, named DCO1 (Table 1). The standard formula was
performed without the incorporation of PEG4000. Briefly,
Cilostazol was mixed with Lactose. The mixed blend was
sieved through # 30 mesh sieve. Avicel PH102, colloidal
silicon dioxide and carmellose calcium were de-lumped
prior to addition by pre-sieving through # 30 mesh sieves.
All of the components of each formulation were accurately
weighed, mixed in a polyethylene bag for 10 minutes ma-
nually to obtain a uniform dry blend. Magnesium Stearate
at 1% w/w level was added to the blend prepared above
and the components were mixed for an additional 5 minu-
tes. All other trials were accomplished in the same way but
with addition of the hydrophilic polymers with the quan-
tity specified in each formulation. PEG4000 flakes were
milled using an automatic grinder (Sanyo blinder, Sanyo
Electrics Co. LTD, Japan) prior to use. The tableting pro-
cess involved a rotary compression machine (Cad-mack-
Cambert Compression machine) equipped with rounded
9.0 mm in diameter punches and their die.

Wet granulation process

A standardized formula of Cilostazol tablets was prepared
by WG technique using the composition of the prototype
formulation mentioned previously. This trial was named
WGO1. Cilostazol, Lactose Monohydrate, and PEG4000
were sieved through # 30 mesh and mixed for 10 minutes.
The blend was granulated manually with Purified water
until satisfactory massed granules were produced. The
granules were dried in an oven at 40 °C to a loss on drying
(LOD) value less than 3.0% in order to get strong granu-
les that aid the manufacturing process. The granules were
milled using Sanyo grinder and then passed through # 30
mesh. Extra-granular components were added as descri-
bed previously for the DC trials. Tablets were compressed
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Table 1. The composition for Cilostazol tablets prepared by various manufacturing techniques.

DCo01 DCo02 DC03/HME02 DC04/HMEO03 WGO01 WG02 WGO03 WG04
Material name w/w% w/w% w/w% w/w% w/w% w/w% w/w% w/w%
Cilostazol 33.33 33.33 33.33 33.33 33.33 33.33 33.33 33.33
Lactose Monohydrate 16.67 16.67 16.67 16.67 16.67 16.67 16.67 16.67
Polyethylene Glycol 4000 - 5.0 10.0 20.0 - 5.0 10.0 20.0
Purified Water* - - - - q.s** q.s** q.s** q.8**
Avicel PH102 46.0 41.0 36.0 26.0 46.0 41.0 36.0 26.0
Carmellose Calcium 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Colloidal Silicon Dioxide 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mg Stearate 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
* Evaporated during the drying process, though it is not included in the final tablets weight. ** Sufficient quantity.
as described before using a rotary compression machine V.-V

. . . 0 f
equipped with the same tooling. C=——x100%
0
Hot-melt extrusion process .
Hausner ratio =

A dry physical blend of Cilostazol, PEG4000 polymer, and
Lactose Monohydrate for each formulation was fed into
the hopper of a vertical lab-scale single screw Microtruder
(Model RCP-0375) with a screw diameter of 0.3750 in-
ches and a working length to diameter ratio of 24 (Rand-
castle Extrusion Systems Inc., Cedar Grove, NJ, USA). A
rod-shaped die was attached to the end of the barrel with
a diameter of 4.0 mm. The trails were processed at a screw
speed of 20 rpm and at 50, 60, 65, and 70 °C for zone 1, 2,
3, and the die, respectively. After cooling down to room
temperature, the obtained extrudates were manually cut
into small parts prior to milling by Sanyo grinder. The
milled powder was passed through 30 # mesh sieve. The
addition of extra-granular components and tableting fol-
lowed the previously described procedures.

Bulk and tapped densities, Hausner Ra-
tio, Carr's index and angle of repose of
powder blends

The bulk and tapped densities were measured for the final
blends after processing by different formulation techni-
ques. The bulk density was calculated by measuring the
weight of a defined volume of each blend based on the
following equation

Weight (gm)

Bulk density =
Volume (ml)

The tapped density was obtained by mechanically tap-
ping a graduated cylinder containing the sample until
little further volume change was observed. The tapped
density was measured for the final tapped volume (V) for
a defined weight of blend as per the following equation:

Weight (gm)

Tapped density =
pp y v, (ml)

The compressibility index or Carr’s index (CI) and the
Hausner ratio are calculated from the unsettled apparent
volume V and the final tapped volume V, after no further
volume changes occur according to the following equations:

Finally, the angle of repose was calculated by measu-
ring the angle of the free surface of a pile of powder to the
horizontal plane according to the following equation:

Height
0.5 base

During all experiments, the height of the funnel was
fixed at 2.5 cm. The diameters of the base formed were
measured carefully. The powder of each formula passed
through the funnel without any intervention. All of the
cones formed were symmetrical.

Tan (@) =

Particle size distribution

Particle size distribution of different formulations was
tested by laser diffraction technology. Enough quantity
of the blend of each formulation was placed in the dry
sampling part (Aero) of a Mastersizer 3000 (Malvern,
model 3000, Worcestershire-UK). The powder was passed
through the dry cell with a laser beam focused through a
glass window inside the cell. Based on the diftracted laser
beams, the instrument software provided the cumulated
particle size distribution. DD, and D,, values were cal-
culated for each formulation, where they represent 10%,
50%, and 90% volume of the particle mass diameter that is
smaller than the size indicated, respectively.

Physical characterization of the tablets:
weight, hardness, thickness and disinte-
gration testing

Target hardness was set to be around 100 Newton for all
the trials in order to exclude any possible effect on the
dissolution profile except for factors were set by the stu-
dy; i.e., polymer quantity and the method of formulation.
Samples from the prepared formulations were randomly
selected and tested for weight variation, crushing strength
and thickness. The weight variation test was conducted by
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weighing 10 tablets from each formulation individually
using a Mettler Toledo electronic lab balance. The indi-
vidual tablet weights were compared to the average. The
acceptance criterion for the weight variation is 5% from
average weight (general chapter, USP40). The hardness
and thickness of 4 tablets from each formulation were
determined using a calibrated hardness tester; ERWEKA
TBH300MD hardness tester (Langen, Germany). The for-
ce in Newton needed to break each tablet was recorded
side by side to the thickness of each sample. The mean,
SD and RSD were calculated. Disintegration of 6 tablets
of each trial was measured in a warmed tap water 37 °C
temperature, using Electrolab Disintegration Tester (Elec-
trolab, model ED-L2, India). The results from different
characterization procedures were recorded and the mean
value, SD and RSD were calculated for each trial.

In-vitro dissolution

The dissolution was performed in a paddle apparatus with
a stirring rate of 75 rpm in a medium consisted of 900 ml
with 0.3% Sodium Lauryl Sulfate solution maintained at
37 + 0.5 °C (USP 40). A Pharmatest dissolution system
(Model PTW II; Hamburg, Germany) was used. Five mil-
liliters of the test fluid were withdrawn manually at prede-
termined time interval (5, 10, 15, 20, 30, 45, and 60 minu-
tes), passed through a 0.45-um milli-pore glass filter and
analyzed for Cilostazol at A = 259 nm by means of a UV-
VIS single-beam spectrophotometer (Model 9200; United
Kingdom). At each sampling time, a pre-warmed equal
volume of the test medium was replaced. All the measu-
rements were performed in duplicates and the amount of
Cilostazol released for 6 tablets per each formula was de-
termined using a respective calibration curve.

Differential scanning calorimetry

DSC technique was used in order to recognize any chan-
ges that could happen to the API crystal form after incor-
porating into HME system with the hydrophilic polymer.
The DSC scans of the API, each polymer, and the main fil-
ler were performed separately. Further combination of the
API with the main filler, with and without PEG4000 were
tested by the DSC as well. Finally, DSC scans of the diffe-
rent extrudates were performed. A sample with a range of
5 to 10 mg of each trial was weighed inside the crucible,
and then the crucible was sealed. The sample was inser-
ted next to a reference crucible inside the DSC furnace
maintained with N, inert gas flow of 100 cm/minute. The
samples were scanned at a heat rate of 10 °C/minute from
ambient temperature to 200 °C, except for lactose mono-
hydrate sample which was scanned to 250 °C.

Results and discussion

Tablets dosage form is the most convenient route of ad-
ministration. In contrast, it has a main drawback regar-

ding poor solubility for many APIs in the pharmaceutical
pipeline. Hydrophilic polymers are expected to enhance
the dissolution profile of poorly soluble drugs (Xu et al.
2007; Patel and Patel 2008). However, the magnitude of
enhancement is dependent on the type and quantity of
the hydrophilic polymer used as well as the principle
method of formulation or manufacturing(Hashim et al.
2015; Patel et al. 2008).Understanding excipient functi-
onality is a prerequisite for a successful product formu-
lation development (Aljaberi et al. 2009; Aljaberi et al.
2013a, b). Therefore, a poorly soluble API, Cilostazol,
with very bad physical characteristics was selected for
the purpose of this study. Various trials using DC, WG,
and HME with the incorporation of PEG4000 at various
levels were under analysis to illustrate the impact of ma-
nufacturing technique on the excipient functionality of
this hydrophilic polymer.

Physical characteristics of the final
blends

The physical characteristics of each of the DC, WG, HME
trials were measured as detailed in the experimental part
and the results are summarized in Table 2.The results show
that DC method had low contribution with the physical
characteristics of the blends i.e. the API implied its bad
nature over the blends of DC trials. Bad flow and sticky
nature of the blend were the general characteristics of all
the DC trials. No real enhancement for the flow upon in-
corporation of the polymers could be observed; even at the
highest concentrations. The same could be seen with the
WG method when PEG4000 was not incorporated. WGO01
was with the worst characteristics in WG trials. However,
it was better than all the DC trials. The incorporation of
the polymer to the formulation had a positive effect on
the flow of the powder. In agreement with the previously
reported improvement of flowability and compactibility,
HME implied the best physical characteristics over all
other trials (Pinho et al. 2018). Melting the polymeric ma-
terial with vigorous mixing and compression, followed by
milling resulted in a powder with better characteristics.
HME with PEG4000 was with slightly better results when
compared to WG with PEG4000 at the same level. The
more the quantity of PEG4000 used, the less the difference
between WG and HME in terms of physical characteris-
tics of the final blends. It appears also that the more the
quantity of the polymer used, the better the characteristics
of the final blend (Table 2)

Particle size distribution of the final
blends

The results of particle size distribution of each of the DC,
WG and HME trials are shown in Table 3. Since no parti-
cle size modification was employed in the DC process, two
main peaks could be observed from the PSD analysis. The
first for the API within the range of 10 microns and the
other peak was for the rest of the composition around 200
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Table 2. Physical characteristics for the Cilostazol Final blends.

Trial number DCo01 DCo02 DCo03 DCo04 WGo1 WG02 WG03 WG04 HMEO2 HMEO03
Apparent Density 0.31 0.32 0.33 0.34 0.46 0.46 0.51 0.51 0.52 0.60
(gm/ml)

Tapped density 0.58 0.56 0.56 0.55 0.73 0.63 0.66 0.63 0.65 0.74
(gm/ml)

Carrs’ index 85.19 72.41 70.12 61.29 60.00 36.05 29.03 23.46 25.00 22.70
Hausner ratio 1.85 1.72 1.70 1.61 1.60 1.36 1.29 1.23 1.25 1.23
Angle of repose 52.8 51.0 49.6 47.2 42.6 36.4 323 30.1 29.4 27.8
Flow according to CI ~ Very very poor ~ Very very poor  Very very poor  Very very poor Veryverypoor Verypoor Poor  Passable Passable Passable
Flow according to Very very poor  Very very poor  Very very poor  Very very poor  Very poor Poor  Passable  Fair Fair Fair
Hausner ratio

Flow according to Poor — must Poor - must Poor — must Poor - must Passable Fair Good  Excellent Excellent Excellent

Angle of repose

agitate or vibrate agitate or vibrate agitate or vibrate agitate or vibrate

Table 3. Particle size distribution of Cilostazol final blends.

Trial number D, (um) D, (um) D, (um)
DCo1 3.18 46.8 256.0
DCo04 3.29 46.3 261.0
WGO01 6.42 90.2 316.0
WG02 9.21 100.0 329.0
WGO03 13.7 123.0 362.0
WG04 24.3 135.0 379.0
HME02 20.1 132.0 374.0
HMEO03 27.3 145.0 386.0

microns. No significant changes on the PSD were noticed
after adding PEG4000. These results were endorsed by the
bad physical characteristics of the blends for all the DC
trials. On the other hand, the WG and HME trials resulted
in a more homogeneous particle sizes distribution. As the
quantity of the polymer used was increased, so did the size
and homogeneity of the final blend.

Physical characteristics of the tablets

The physical characteristics for the compressed tablets of
each of DC, WG and HME formulations were recorded
and they are summarized in the Table 4. Tablets produ-
ced with DC method had sticking on the surface. There
was a weight variation problem during the compression
process. Tablets with weight that exceeded the allowable
limits were excluded. The applied force for the compres-
sion was adjusted to get final tablets with hardness value
around 100 N. This hardness value was granted for all the
trials in order to avoid any effect of the tablets hardness
upon the dissolution profile. Disintegration time of DC
tablets was very fast and did not exceed one minute in
most of the trials.

Table 4. Physical characteristics of the Cilostazol tablets.

Tablets weight (mg)  Tablet hardness (N) Disintegration (min)

n=10 n=4 n=6
DCo1 301.6 £3.5 99.3+ 8.6 0.50
DCo02 299.6 £3.5 103.0+5 0.24
DCo03 302.9+35 999 +4 0.50
DCo04 303.7+6.1 101.8+7 1.01
WGO01 3003+14 102.8 £4.3 0.34
WG02 301.2+1.7 109.0 £ 4.1 3.45
WGO03 301.3+1.9 105.3 £3.9 8.05
WG04 3004 +1.3 103.3 £3.8 35.17
HMEO02 3004 £ 1.0 104.8 £2.6 11.00
HMEO03 3009+ 1.9 105.8 £3.3 37.83

Compressed tablets using WG method without PEG4000
(WGO1) suffered sticking issues, but the tablets weight was
stable at the minimum speed of the compression machi-
ne. These tablets resulted in a fast disintegration time (~ 30
seconds). When PEG was incorporated, tablets produced
in trials WG02, WG03 and WG04 were with good shining
appearance and no sticking problem on the punches. Di-
sintegration time varied depending on the quantity of the
polymer used, and it was increasing exponentially with in-
creasing the amount of the polymer (Table 4).

Tablets produced by the HME technique were also with
a good shining appearance and no sticking problems. Ta-
blets weight during the compression was stable even at
the maximum speed of the compression machine. Disin-
tegration behavior was similar to that of the WG tablets.
Comparison of the disintegration time for tablets with the
same composition produced by the three manufacturing
techniques shows that HME tablets were always with the
longest disintegration time.

Overall, when using PEG4000, tablets produced by
HME had less thickness values compared to tablets with
the same composition prepared by WG. Disintegration
time was slightly higher for HME tablets when compared
to similar formulations prepared by WG. As per the di-
sintegration time, it increased almost four times at 20%
PEG4000 trials when compared to 10% PEG4000 trials for
both HME and WG trials.

In-vitro dissolution results

The most obvious impact of the manufacturing technique
was on the dissolution of prepared tablets. The dissolution
profiles for different trials were tested according to the dis-
solution test stated in the United State Pharmacopeia for
Cilostazol tablets. As can be noticed in Fig. 2, different DC
trials showed a fast release. However, it was noticed that
none of the DC trials reached a full release profile at the
end of the dissolution run time. This reflects that the incor-
poration of a hydrophilic polymer in the DC technique had
a low contribution to the dissolution of Cilostazol. F2 va-
lues between the standard formulation DCO1 and the other
DC trails were > 50; indicating that there are no signifi-
cant differences even at the maximum level of PEG4000.
Although the dissolution of DC tablets was satisfactory,
the tablets prepared by this method suffered hampering
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Figure 2. Dissolution profiles of Cilostazol tablets prepared us-

ing various manufacturing techniques (Error bars represent the

standard deviation, n = 6).

weight variation and stickiness issues which rendered the
technique unsuitable for further consideration.

While being nonfunctional in the DC trials, the
PEG4000 level had a significant influence on the release
of the model drug from WG and HME tablets. Moreover,
the tablets experienced different behaviors at different
PEG4000 ratios with different manufacturing techniques.
This behavior varied from enhancement to retardation of
Cilostazol dissolution as compared to the DC trails. Inte-
restingly, the WGO1 formulation with no PEG4000 sho-
wed a slow dissolution which did not exceed 80.0% of Ci-
lostazol. The addition of 5.0% of PEG4000 enhanced the
dissolution significantly with an average release of 96.7%
at the end of the release. At this level, the release was as
fast as those of the DC trials but with at least 10% more
release at 60 minutes. Expectedly, the significant enhance-
ment of the dissolution of Cilostazol was confirmed by an
£2 value of 31.8 between WGO01 and WGO02 tablets. When
the level of PEG4000 was increased to 10% (WGO03), a re-
tardation of the release rate could be seen as compared to
WGO2 but with an average release of 94% at 60 minutes.
It is anticipated that the slow disintegration time in WG03
had contributed in the slow liberation of the API. Never-
theless, the £2 value for WG03 versus WGO01 was 43.3 in-
dicating that it is still better than not to incorporate any
polymer at all. The more polymer quantity used in WG04
(20% w/w PEG4000) resulted in a slower disintegration
time and consequently in a slower release profile. At the
end of the dissolution testing for WG04, it could be seen
that the vessels contained small fragments of the tablets
that were undissolved.

The dissolution profiles for different HME trials were
also investigated. No standard formulation without
PEG4000 or at 5% level can be obtained as the process
of HME implies to insert a polymeric molten material
in enough quantities. Several attempts to extrude the 5%
PEG4000 formulation were investigated with some modi-
fications to the temperatures of the different zones of the
extruder and on the rotation speed of the screw. Nevert-
heless, the blend was with poor extrudability due to the

inconvenient flow of the molten polymer with the API:
Lactose Monohydrate mixture inside the barrel. HME02
extrudates was extruded slowly with a clay-appearance,
while HMEOQ3 was extruded smoothly as per the proces-
sing parameters specified in the methods section.

For trials with PEG4000 at 10%, HMEO02 had exceeded
the other trials and had given a 90% release at 30 minutes
in spite of the slow start. This slow start can be explained
by the slow disintegration of tablets in HMEO02 and to a
less extent in WG03. Once HMEO2 tablets disintegrated,
they eluted Cilostazol quickly compared to WG03 and
DCO03. At the end of the dissolution runs, both HME02
and WGO03 had almost a full release of the API while it
was only 86% for DC03. This can be understood as the
homogeneity of the polymer distribution and spreading
was better by the HME technique followed by WG and
worst for the DC technique.

On the other hand, adding 20% of PEG4000 slowed
down the dissolution in trial HMEO3 without a full release
of the API at 60 minutes. Tablets in dissolution vessels were
observed with an almost unchanged shape for the first 30
minutes of the dissolution run. HMEO3 tablets disintegra-
ted very slowly; they needed 38 minutes to be fully disin-
tegrated in the disintegration tester (Table 4). It is believed
that 20% of PEG4000 had formed a hydrophilic matrix
in tablets of trial HMEO3 and to lower extent in WGO04,
thus Cilostazol eluted slower in the trial HMEO3 than
that of WG04. This can be understood as HME distribu-
ted PEG4000 more efficiently than WG and therefore, the
hydrophilic matrix that sustained the release in HME03
was more efficient in that aspect than it in WG04. When
compared to the trials with 10% PEG4000, HME and WG
with 20% PEG4000 had a slower release profile. Although
HMEO03 had a slower release compared to WG04, {2 value
revealed some kind of similarity between the dissolution
profiles of HME03 and WG04 (2 value 54.1).

Differential scanning calorimetry

Among other techniques, DSC is beneficial in the charac-
terization of the solid state of the drug in extrudates (Cen-
si et al. 2018). To set a reference point, DSC testing for
Cilostazol, Lactose Monohydrate and a combination of
Cilostazol: Lactose Monohydrate (2:1) were done separa-
tely in order to standardize any possible changes after the
different manufacturing processes. Cilostazol showed a
main endothermic peak at 159 °C, while Lactose Monohy-
drate showed two main endothermic peaks; one of them
represents the dehydration of Lactose at 145 °C and the
other is at 218 °C and represents the melting of Lactose
(Raut et al. 2011). The melting of Lactose was beyond the
studied range for other trials as the important peaks were
for the API and PEG4000, where all of them were below
200 °C. The mixture of Cilostazol and Lactose Monohy-
drate showed two main peaks without any changes (Figure
3). In addition, DSC testing was done to PEG4000. A main
endothermic peak was observed at 64 °C for PEG4000 as
seen in Fig. 3.
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Figure 3. DSC scans of raw materials as well as Cilostazol: Lac-
tose Monohydrate at the ratio used in preparing the tablets by
various manufacturing techniques (Table 1).

DSC testing for the trials DC04, WG04 and HME03
was undertaken as these trials contain the maximum
amount of PEG4000. The DSC patterns showed no signifi-
cant changes on any of the materials regarding the place or
the intensity/weight ratios of the PEG4000 and Cilostazol
peaks as observed in Figure 4. A gradual change in the on-
set of Lactose dehydration peak was noticed, in a matter
that is dependent on the different formulation processes.
The peak of Lactose Monohydrate dehydration appeared
to be broader and shallower at HMEO3 when compared to
WG04 and DC04 which may be attributed to partial dehy-
dration of lactose monohydrate during the HME process.

In summary, this work has clarified how the different
manufacturing technologies had contributed to Cilosta-
zol dissolution without changing the crystalline form of
the APL. Unlike the DC trials which were found with no
significant differences, WG and HME showed contras-
ting enhancement and retardation effects regarding the
dissolution profile of Cilostazol tablets in a matter that
is dependent on the type and quantity of PEG4000 po-
lymer used. Inserting 5% of PEG4000 in WG had resul-
ted in tablets with a fast dissolution profile. HME with
10% polymer had resulted in a faster dissolution profile
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