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Abstract: In modern times, people are suffering from many mental health disorders like schizophrenia, bipolar disorders and
many psychoses. Hence, it is essential to treat these mental disorders using medications as well as with assistance from
caregivers for the social well being of person. This study was focussed on improving solubility & dissolution of poorly soluble
drug Ziprasidone using different formulation approaches like solid dispersion & inclusion complexation. Different solubility
enhancing techniques like physical mixing, solvent evaporation, microwave irradiation, lyophilization & spray drying were
used for the along with four different polymers i.e Kollidon, Soluplus, Pluronic and HPβCD. The prepared formulations were
evaluated for saturated solubility, dissolution, ATR, SEM, XRD, pharmacodynamic and pharmacokinetic in vivo study. The
prepare formulations showed increment in solubility as well as dissolution. The order of solubility enhancement for the studied
polymers was found to be of following order: Soluplus>HPβCD>Kollidon>Pluronic. In the pharmacodynamic study, the
optimized solid dispersion showed the calming effect on mice when compared to pure Ziprasidone. The pharmacokinetic study
demonstrated the increase in oral absorption of Ziprasidone in all prepared formulations and it followed the same order as that
solubility & dissolution enhancement. The Soluplus-solid dispersion prepared by spray drying technique was found to be
suitable in enhancing oral absorption with significant (p < 0.05) enhancement in Cmax & AUC than pure Ziprasidone. Hence,
comparative study was helpful in increasing oral bioavailability Of Ziprasidone in choosing the suitable polymer with
decreasing the dose and increasing patient adherence to therapy.
Keywords: Ziprasidone, Solubility, Kollidon, Soluplus, Pluronic, HPβCD, Solid Dispersion

1. Introduction
Recently, World health organization’s (WHO) 66th World
Health Assembly has supported “Mental Health Action Plan
2013-2020” which is very essential for the social well being of
people suffering from mental disorders like schizophrenia,
bipolar disorders, depression etc. in the world. The formal step
taken by WHO representing the need of addressing the mental
health disorders faced by today's world [1, 2]. Mental ill health
is the leading cause of concern in the modern period of time
because it is affecting health, social wellbeing of a person,
human rights & imparting high economical load on the
patient’s family [3-5]. There are many Mental health disorders

that world is facing like depression, bipolar disorder,
schizophrenia & other psychoses, dementia, cognitive
disabilities as well as developmental disorders like autism.
Schizophrenia is a mental disorder affecting severely,
defined by intense disturbance in thinking, language,
emotion, basic cognitive process & consciousness. It
involves psychotic experiences, like hearing voices or
delusions. Thus, it is affecting performances at various social
and work levels. According to WHO “Schizophrenia is a
severe mental disorder affecting more than 21 million people
worldwide.” it is also posing lot of expenditure cost i.e. direct
treatment cost as well as non-healthcare cost like difficulties
in earnings, poor performance at work etc. But,
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Schizophrenia can be treated with medication and assistance
of family members or caregivers [6].Schizophrenic psychosis
need long care, even though symptoms have lessened. For
psychotic disorders the effective management of signs &
symptoms is essential with low dose. The 2nd generation
antipsychotic drugs have fewer side effects hence are safer to
use. Injectables suffers from disadvantages like “slow dose
titration”, longer time needed for reaching steady state,
topical side effect, frequent visits to clinics [7-11]. Also, they
are invasive which refrain patients from adhering to the
treatment which is main area of concern as it usually leads to
relapsing, morbidity, mortality & giving lot of economical
burden to families [12].
Ziprasidone has affinity towards receptors (from highest to
lowest) like 5-HT2A, 5-HT1A, D2, α1, D2 [13]. Millions of
peoples are suffering from schizophrenia & other psychosis
every year. Ziprasidone is binding to receptors such as D2,
D3, 5HT1A, 5HT2A, 5HT2C, 5HT1D in nano molar affinity.
& possibly acts as antagonist to D2 & 5HT2A receptors [14].
Ziprasidone is undergoing various clinical trials for
Schizophrenia, Schizoaffective Disorder, Bipolar Depression,
Social Anxiety Disorder & also as monotherapy for Major
Depressive Disorder, Generalized Anxiety Disorder,
Disorders with Psychotic Features, Autism, Major Depressive
Episode, Affective Psychosis, Mania, Manic-Depressive
Psychosis, Delusional Disorder, Acute Exacerbation of
Psychosis, Posttraumatic Stress Disorder, Disruptive
Behaviour Disorders [15].
Ziprasidone (ZP) (Melting range: ≈300°C) of BCS class II is
an effective orally active atypical antipsychotic drug and
belongs to the indole derivatives group with poorly watersoluble characteristic and poor oral bioavailability 59% (oral).
It undergoes extensive metabolism by metabolizing enzymes
like aldehyde oxidase (66%) & CYP3A4. Ziprasidone also
undergoes high (99%) plasma protein binding. It is
chlorooxyindole class aryl-heterocyclic which is used to treat
mental health disorders such as schizophrenia and bipolar
disorder [16-22]. After getting approval affirmed in 2001,
Ziprasidone is accessible as an oral suspension, capsule &
intramuscular injection, selling worldwide under the names of
Geodon® or Zeldox®. Ziprasidone, after lot of work &
clinical studies, is found to be safe [23-25], efficacious [26, 27]
& cost-viable [28-30]. Its oral bioavailability is enhanced
almost 2 times when taken with food [31]. Notwithstanding,
consistence can be a noteworthy issue in patients with
schizophrenia to the endorsed treatment [32].
Various advancements are accessible for enhancing the
solvency or dissolution of a poorly soluble drug, for example,
prodrug [33], co-crystal [34], lipid frameworks [35],
SNEDDS [36], complexation (inclusion) [37], amorphous
[38], what's more, molecule size diminishment in
nanomilling [39]. The literature data indicate that many
studies are carried out for solubility enhancement of
Ziprasidone focussing on utilization of various derivatives of
cylodextrins [40, 41]. It has been shown that different salt
forms of Ziprasidone have different solubility due to the
degree of ion pair formation between ziprasidone & the
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counterion [42].
Ziprasidone has been explored as fast dissolving tablets,
solid nanocrystalline dispersion, and nano suspensions [43,
44]. A novel solubilized drug form i.e. coated crystals made
by
spray
drying
(CCSD),
was
prepared
&
pharmacoscintigraphy study was used later for human
clinical studies [45]. Ziprasidoneis having pka of 6 hence
solubility decreases with increase in pH [46]. In deodenum, it
is having modest absorption as reported [47]. The
Ziprasidone-SNEDDS sustained-release pellets were also
studied by using extrusion-spheronization to enhance the oral
bioavailability and overcome the food effect of Ziprasidone
[48]. The advanced formulation approach was also tried like
lipid-based drug delivery systems (LBDDS) for oral
administration of Ziprasidone [49]. The amorphization &
other difficulties during the development of formulations
containing amorphous Ziprasidone, prepared by grinding in
high-energy planetary ball mills or cryogenic mills were
studied for Hcl salt [50].
Much attention is also given for the development of
ziprasidone mesylate salt and its intramuscular
administration. However, very little data is available
regarding the use of ziprasidone Hcl salt as well as its oral
administration. In addition to this, there is lack of
information regarding use of various hydrophilic polymers
for the solubility enhancement of Ziprasidone with its in vivo
data. It was noted that very few studies are available that uses
the different polymers as well as different solubility
enhancing technique for model drug in same lab setting
which is essential for meaningful comparison and to get
reliable data for particular drug or technique utilized for it.
Thus, this study was focussed on the use of various
hydrophiles using different solubilizing techniques giving
comparative data for complete understanding of the solubility
improvement for Ziprasidone.as well as directs regarding the
best suited carrier or solubility enhancing technique to be
utilized for the formulation.

2. Materials and Methods
2.1. Materials
Ziprasidone Hcl (ZP) was obtained as gift sample from
Wockhardt, Aurangabad, India. Hydroxypropyl beta
cyclodextrin (HPβCD) was obtained as gift sample from
Glenmark pharmaceuticals, Sinnar, Nashik, India.
Poloxamer (Pluronic F-127) (PO) (Sigma aldrich) whereas
Soluplus (SO), Kollidon VA 64 (KO) were obtained as gift
sample from BASF, Turbhe, India. All other reagents &
chemicals used were of analytical grade.
2.2. Methods
2.2.1. Preparation of Formulations: Physical Mixtures
(PM) and Kneading (KD)
Physical mixtures, in different ratios (1:1, 1:2, 1:3) were
prepared by mixing Ziprasidone with polymer for four to five
min in a mortar till a uniform mixture was acquired. The
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mixtures obtained were passed through sieve (100 µm mesh)
after which they were stored in a desiccator at normal
temperature for further usage. Whereas for kneading, small
quantity of solvent was added as well as both drug-polymer
mix were kneaded together and solvent was evaporated
further to get dry mass.
2.2.2. Solvent Evaporation Method (SE)
Binary systems in various ratios like (1:1, 1:2, 1:3) were
made by dissolving Ziprasidone in Nonaqueous solvent
whereas, polymer was made soluble in aqueous solvent.
Dissolved drug solution was add together to hydrophilic
water solution by constant stirring and add-on rate of 7-9
ml/min. Nonaqueous phase was evaporated in oven at 45 50°C. The product obtained was passed through sieve No.
100 and then stored in desiccator at room temperature till
further analysis by UV.
2.2.3. Lyophilization (LY)
The Ziprasidone and polymer (1:1, 1:2, and 1:3) were
accurately weighed when Ziprasidone (ZP) was made soluble
in methanol & polymer in aqueous solution. Methanolic
solution was added up to water solution by uninterrupted
stirring at the rate of 5-6ml/min. The nonacqueous solution
(methanol) was removed by evaporation at room
temperature. It was later lyophilised in Labconco lyophilizer
(USA) after initial freezing with vacuum 0.040mbar. The
lyophilised product thus obtained was stored in dessicator at
room temperature.
2.2.4. Microwave Irradiation Method (MW)
The Ziprasidone and polymer (1:1, 1:2, and 1:3) were
accurately weighed. A homogeneous paste was made by
adding Ziprasidone and polymer with minimal quantity of
solvents (Ethyl alcohol: H2O, 1:1 v/v) inside vessel. The
paste developed was subjected to microwave irradiation for
7-8 min at power of 510 watt in a microwave (oven)
synthesizer (CATA-R, catalyst systems, Pune, India). Just a
single beaker was set at once inside the microwave
synthesizer. The specimens were presented to microwave
radiation for 7-8 min. at that point, the beakers containing
tests were kept up at normal temperatures to cool down. The
formulations were gathered and put in desiccator for 24 hours
and afterward the item was powdered utilizing mortar and
pestle. The powdered product was sieved through sifter no.
100 and put away in desiccators over combined calcium
chloride.
2.2.5. Spray Drying (SY)
Each solution for spray drying was prepared by adding
different ratio of Ziprasidone and polymer (1:1, 1:2, 1:3) to
200ml of methanol. It was exposed to ultrasonication by a
bath sonicator for about 10 min. After that spray drying was
carried out in a lab spray dryer model LU-222 Advanced
(Labultima, Mumbai, India) with the drying capacity of 1
L/h. Parameters set for spray drying were like using 4 ml/min
flow rate, 80°C of inlet temperature, with 60-70°C of outlet
temperature, and aspirator value of about 60m3/h.

2.3. Attenuated Total Reflectance Spectroscopy (ATR)
Analysis
Supporting evidence for formation of solid dispersion can
be obtained by IR spectroscopy. Attenuated Total Reflectance
spectra of the drug samples were obtained on a Bruker EcoATR machine. The samples were scanned over the wave
number ranging from 3600 to 400 cm–1
2.4. Differential Scanning Calorimetry (DSC)
The possibility of any interaction between Ziprasidone &
polymers amid arrangement of IC & SD was evaluated via
DSC examination & comparing it with that of pure
Ziprasidone using DSC. DSC assessment was carried by
differential scanning calorimeter (PerkinElmer 4000) with
Software: PYRIS Version-11.1.0.0488, 2009, PerkinElmer,
In. Heating of tests was done in an aluminium pan (sample
weight utilized 1mg) with heating a rate of 10°C/min over a
temperature from 30 to 350°C using a nitrogen purging at 20
ml/min.
2.5. X-ray Diffractometry (XRD)
XRD spectrum of pure Ziprasidone and SD &IC were
taken at normal temperature with the help of Bruker’s AXS
D8-advance X-ray diffractometer. Irradiation of tests was
carried out with mono-chromatized Cu KA2 emission at
wavelength 1.5406 A0 and tests were mounted on zerofoundation test holder and subjected to a ceaseless scanning
over angles of 3° to 80° 2θ at a stage size of 0.02°. The
diffraction spectrums were gathered with voltage of 40kV
and current of 35mA individually. The examining rate was 20
min-1.
2.6. Scanning Electron Microscopy (SEM)
The topography of pure Ziprasidone and spray dried
SD&IC was looked under a scanning electron microscope
(SEM; JEOL model JSM -6390LV) operating at an excitation
voltage of 15 kV.
2.7. Saturated Solubility Measurements of ZP
As indicated by the strategy delineated by Higuchi and J.
Connors (1965), Solubility estimations were done. An excess
quantity of inclusion complex was included 10ml distilled
water, which was taken in test tubes. The tests were sonicated
for 1 h at room temperature. From that point, the topped test
tubes were shaken at 25 or 45±0.1°C for 24 hrs. In this
manner, the suspensions were sifted and the separated
solutions were analysed by UV-spectrophotometer at 207
nm.
2.8. Dissolution Studies
These studies were carried out by utilizing USP 8-station
dissolution test assembly (Lab India) utilizing USP type II
device. Dissolution study was done in a 900 ml of pH 7.2
buffer at 37 ± 0.5°C at 100 rpm. 5 ml tests were withdrawn at
time interims of 5, 10, 15, 20, 30, 45, 60 min. The volume of
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dissolution medium was conformed to 900 ml to keep up sink
conditions by supplanting every 5 ml aliquot pulled back
with 5ml of new pH 7.2 phosphate buffer. The drug’s
concentration in tests was dictated by measuring absorbance
at 207 nm. Aggregate percent drug release was ascertained at
each time interim. Pure Ziprasidone was utilized as control
for examination.
2.8.1. In-Vivo Absorption Study in Wistar Rats
Wistar-strain rats of either sex (180-220 g) were made
available by the Animal House, college of Pharmacy, Nashik,
India. They were housed under normal laboratory conditions.
Rats were maintained on standard rodent chow and tap water.
The
Institutional
Animal
Ethical
Committee
(IAEC/Feb.2016/08) gave approval for the experimental
methods.
The rats were kept with empty food however, but they
were given clear reach to water 24 h earlier the day of the
experiment. 3 rats group were utilized in the study. Random
assignment of 6 rats to each treatment group was done. To
individual group oral administration of plain Ziprasidone
aqueous suspension, Ziprasidone-SD (solid dispersion) and
third group was control group, was done. Sample of
Ziprasidone powder (4 mg), Ziprasidone-SD (equivalent to
Ziprasidone 4 mg), were mixed uniformly by accurately
weighing & dispersing it into water (5 ml) for 30 s before to
dosing. To rats, individual preparation was given utilizing
oral gavage (an animal feeding needle). Blood samples (0.5
ml) were collected via tail vein at 30, 60, 120, 240, 360 and
720 min after oral administration into EDTA microcentrifuge
tubes. Centrifugation of samples was done at 10,000 rpm
10°C for 20 min where samples of plasma separated, and 0.5
ml of cold acetonitrile add up to the plasma sample for
precipitating the protein. The processed samples’s
centrifugation was again done at 10,000 rpm 10°C for 20
min, & supernatant liquid was stored in refrigerator until
analyzed by HPLC [51].
2.8.2. HPLC Analysis of Plasma Samples
Standard solutions of 2, 4, 6, 8, and 10µl were prepared
and calibration curve was plotted by HPLC. 20 µl of plasma
sample was put in into HPLC. Concentration of Ziprasidone
in plasma was then further determined by calculating area
under curve of chromatogram.
HPLC (Binary HPLC pump provided with a UV visible
2000 detector, Waters 1525, Singapore) was utilized for the
assessment of plasma samples. The sorting was performed
using a Cosmosil C18 packed column (150 mm × 4.6 mm, 5
µm) at 276 nm. The mobile phase consisted of a mixing of
phosphate buffer having pH 3±0.5 with acetonitrile (60:40)
operating at a flow rate of 1 ml/min [52].
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utilized as a standard and optimized formulation (40 mg/kg)
were given i.p., 30 minutes preceding the experiment. Foot
shock-induced aggression (FSIA) behaviour was elicited in
pairs of mice by applying a series of impulses through with
an electronic stimulator to a grid floor for 3 minutes.
Offensive activeness was measured in pairs of mice using 2
factors i.e. number of fights and latency to fight [53, 54].

3. Results and Discussion
3.1. Solubility Study
The solubility profiles for prepared formulations are
depicted in figure 1. The solubility of inclusion complex with
HPβCD prepared by spray drying method in distilled water
was found to show, an almost 15.7 fold increase in solubility
respectively as compared to pure drug. Spray drying has
converted crystal form of Ziprasidone to amorphous which in
effect increases its apparent solubility in water [55].
Among various solvents that were screened methanol was
selected as the solvent for ZP due to its higher solubilization
potential and low boiling point. The saturation solubility of
solid dispersion by spray drying with Kollidon, Soluplus,
Pluronic (F-127) in distilled water was found to show, an
almost 13.7, 17.1, 8.59 fold increase in solubility respectively
than pure drug. Spray drying technique combined with best
hydrophilic polymers was found to be successful in preparing
solid dispersions of ZP [56]. The drug to polymer ratio also
affects the solubility of Ziprasidone, thus optimum ratio was
selected based on solubility enhancement [57]. While for solid
dispersion by solvent evaporation method with hydrophilic
polymers like Kollidon, Soluplus, Pluronic (F-127) in distilled
water was found to show, an almost 8.7, 11.2, 3.9 fold increase
in solubility respectively than pure drug [58].

a.

2.9. Biological Studies
Foot shock induced aggression
The animals were splited into 5 groups of 12 mice (6 pairs
of male mice) per group. The vehicles are (DMSO (Dimethyl
sulphoxide); 0.5 ml/kg, i.p.), haloperidol (1 mg/kg, i.p.)

b.
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c.

For Pluronic-SD, also vibrational peak at 3400 cm-1 was
observed shifting of carbonyl peaks & other peaks at higher
wavenumber.
For Kollidon, prominent peak was observed at 1032.09
cm-1 along with O-H peak at 3012.5 cm-1 wavenumber while
for HPβCD-IC it was at 3454.76 cm-1 wavenumber indicating
O-H bond formation i.e. hydrogen bond interaction between
polymer and Ziprasidone & this mechanism might be
responsible for solubility & dissolution rate enhancement of
poorly soluble Ziprasidone.
The stretching vibration of functional group were found to
be within range in all solid dispersions as well as in physical
mixture indicating absence of any significant chemical
interaction in solid state.

d.

Figure 2a. ATR spectras of Soluplus Sds: SE, SY, Pure Ziprasidone, LY, MW.
e.
Figure 1. Comparative solubility profiles of a. HPβCD-IC (Inclusion
complexation); b. Pluronic-SD; c. Soluplus-SD; d. Kollidon-SD; e. All
hydrophiles for solubility enhancement of Ziprasidone.
(Where KO: Kollidon, PO: Poloxamer, SO: Soluplus, HP: HPβCD, PU: Pure
Ziprasidone)

3.2. ATR
The ATR spectra obtained for the prepared formulations
are displayed in figure 2a-2d. The IR spectrum of solid
dispersion showed peaks of decreased intensity and also
some peaks of Ziprasidone were disappeared indicating
formation of complex in solid state.
The ATR spectrum of plain Ziprasidone showed
vibrational peaks at 3412.57 cm-1 for N-H (amine), 2918.86
cm-1 for C-H, 1717.03 cm-1 for C=O (amide), 1630.09 cm-1
for C=C (alkene), 1473.06 & 1397.57 cm-1 for C=C (of
aromatic), 1265.29 & 1177.98 cm-1for N-H (bend), 969.62
cm-1 for =C-H, 752.01 cm-1 for -C-Cl-(alkyl halide).
In all the formulations, vibrational peak at 1110 cm-1 was
noted. Other peaks were shifted to higher wavenumber
suggesting formation of new solid state.
In Soluplus-SD, vibrational peak at 3426.16 cm-1 of O-H
was observed and also carbonyl peak was shifted to 1734.51
cm-1 indicating hydrogen bond formation between
Ziprasidone and Soluplus.

Figure 2b. ATR spectras of Pluronic Sds: SE, SY, MW, LY.

Figure 2c. ATR spectra of HPβCD-IC: SY, PM, LY, MW.
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3.3. DSC

Figure 2d. ATR spectras of Kollidon Sds prepared by: SE, SY, LY, MW.
Where SE: Solvent Evaporation, SY: Spray Drying, LY: Lyophilization,
MW: Microwave Irradiation.

The DSC spectra of pure Ziprasidone and the prepared
formulation by spray drying method are illustrated in Figure 3.
The DSC spectrum of pure Ziprasidone showed two peaks
in its thermogram, one at 84.15°C due to removal of
hydrochloride molecule & other one at 290.66°C owing to
melting endotherm of Ziprasidone that corresponds to its
melting point (~300°C). Whereas, all the prepared
formulations showed broadening of the endotherm with
decreasing the heat energy required for the phase change.
This change in thermogram represented the amorphous
nature of the prepared formulation responsible for the
modification in solubility as well as dissolution rate
improvement of Ziprasidone.

Figure 3. DSC thermogram of binary system prepared by spray drying method ZF: SD with Pluronic; ZH:IC with HPβCD; ZK: SD with Kollidon;
ZP:Ziprasidone; ZS: SD with Soluplus.

3.4. XRD
The XRD spectras are illustrated in figure 4. Diffraction
pattern of pure drug showed high-intensity distinctive
diffraction peak peaks at 2θ diffraction angle of 10.74, 14.67,
17.93, 21.57, 26.32, 27.81, and 28.65. XRD spectra of drug
where it displayed all sharp peaks pointing its crystal form
[59].
XRD spectra of drug-Soluplus, Kollidon, Pluronic (F127)
spray dried solid dispersion showed a significant reduction in
the number and intensity of peaks indicating drug entrapment
as well as amorphization of the drug. Thus, for spray dried
solid dispersions it showed broad amorphous halo peak and
no evidence of sharp diffraction peaks.
XRD spectrum of plain drug demonstrated its completely
crystalline nature whereas, XRD spectra of drug- HPβCD
spray dried inclusion complexation showed a significant
reduction in the number and intensity of peaks i.e. diffused
form indicating drug entrapment as well as amorphization of
the drug. Hence, transformations of drug from crystal form to
amorphous.

This conversion of crystalline drug to amorphous form due
to use of spray drying may be the reason behind apparent
solubility & dissolution enhancement of pure Ziprasidone in
prepared formulations.

Figure 4. XRD spectrum of HPβCD-IC, Pluronic-SD, Soluplus-SD,
Kollidon-SD, And Pure Ziprasidone.

43

Poonam Mogal et al.: Use of Solid Dispersions and Inclusion Complexation for Enhancing Oral Bioavailability of
Ziprasidone in Treating Schizophrenia

3.5. SEM
Scanning electron micrographs (SEM) of prepared
formulations along with pure Ziprasidone are illustrated in
figure 5. SEM of pure drug appeared as angulate formed
smooth surfaced crystals of varied sizes with well-formed
line. Nonetheless, ZP-HPβCD inclusion complex was
appeared as spherical and wrinkled appearance of varying
sizes with smooth surface & as homogeneous system.
SEM of pure drug appeared as smooth-surfaced
rectangular crystalline structures of varying sizes with well-

developed edges. However, ZP-Soluplus, ZP- Kollidon, ZPPluronic SDs were appeared as irregular shaped particles of
varying sizes with smooth surface. The particles of SDs show
a spherical and wrinkled appearance, indicating the drug
substance is embedded within the polymer matrix. It also
seem to be as homogeneous system where polymer is
uniformly distributed all over drug. In contrast, there was no
crystal structure of ZP in SDs (solid dispersions), indicating
the transformation of ZP into an amorphous form.

Figure 5a. SEM of pure ziprasidone.

Figure 5b. SEM of Ziprasidone-Soluplus-SD.
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Figure 5c. SEM of Ziprasidone-HPßCD-IC.

Figure 5d. SEM of Ziprasidone-Pluronic (F127)-SD.

3.6. In Vitro Dissolution
The dissolution profiles of the formulations are depicted in
the figure 6. All the prepared formulations demonstrated
increase in dissolution rate compared to pure Ziprasidone.

In-vitro dissolution studies revealed that the inclusion
complexes released the drug to a greater extent as compared
to pure ZP. Binary complex with HPβCD showed a release of
92.36% in pH 7.2 buffer in 20 min.
The enhanced dissolution may be due to inclusion complex
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formation as well as raised mechanistic impinging during
dissolution [60, 61].
The in vitro dissolution studies of solid dispersion by spray
drying with Kollidon, F-127 in 7.2 po4 buffer with 92.05%,
and 73.3% drug being released within 20 min, Whereas in
case of Soluplus almost 92.97%,drug was released in 20 min
in 7.2 po4 buffer.
As during spray drying, the particle size is diminished
leading to increased effective surface area available for
dissolution & formation of high energetic, highly soluble
amorphous form generation (as evident from XRD, SEM)
might be the reason behind dissolution rate enhancement of
formulations [62].
In case of ZP, spray dried SD with Soluplus formulation
showed a significant improvement in saturation solubility
and dissolution rate and hence further studies were conducted
on it. For determining tmax for the in vivo study earlier studies
were taken into account [63, 64].

d.

e.
Figure 6. Comparative dissolution profile for solubilizing methods of a.
Kollidon-SD, b. Pluronic-SD, c. Soluplus-SD, d. HPβCD-IC, e. Comparative
dissolution profile for polymers with spray drying.
(Where KO: Kollidon, PO: Poloxamer, SO: Soluplus, HP: HPβCD, PU: Pure
Ziprasidone)
a.

3.7. Biological Studies
The pharmacodynamic study was carried out using control,
standard, pure drug & optimised formulation where calming
effect was determined using 2 observational parameters. The
spray dried formulation showed higher latency to fight as
compared to pure drug also the numbers of fights were
decreased in case of ZP-Soluplus solid dispersion than pure
ZP. Foot shock-induced aggression (FSIA) (Aggressive
behaviour) was measured in pairs of mice using two
parameters number of fights and latency to fight.

b.

Table 1. Foot shock-induced aggression (FSIA) (Aggressive behaviour).
Compound (40 mg/kg, i.p.)
DMSO (vehicle)
Haloperidol
Ziprasidone
Ziprasidone SD

Latency to fight
31.5±8.07
286.64±9.07
215.67±15.23
225.67±15.23

Number of fights
62.66±5.50
7.67±1.02
9.56±2.06
8.24±2.06

3.8. In Vivo Study

c.

The pharmacokinetic study conducted for formulations
which displayed in figure 7 showed increase in oral
absorption for all prepared formulations. It was found that
significant (p-value < 0.05) enhancement in bioavailability of
Ziprasidone was observed from formulations as compared
with pure Ziprasidone suspension. The extent of absorption
of Ziprasidone was significantly increased in presence of
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Soluplus (p < 0.05). This was accompanied by a significant
increase in the AUC.
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