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Typical antipsychotic agents are known to pro-
duce severe extrapyramidal side effects and there-
fore are being gradually replaced by the safer atypi-
cal antipsychotic drug molecules. Presently, about
fifteen atypical antipsychotic drugs such as olanzap-
ine, risperidone, quetiapine, paliperidone, sertin-
dole, and aripiprazole, etc. are in clinical use for the
treatment of schizophrenia. Amongst these drugs,
the long-acting depot formulations are commercial-
ly available for risperidone, paliperidone, olanzap-
ine, and aripiprazole only (1). Iloperidone is a new
atypical antipsychotic drug having better long term
tolerability than other available atypical antipsy-
chotic agents for the treatment of acute schizophre-
nia (2, 3). However, it is available only in conven-
tional tablet form in 1-12 mg strengths for twice a
day administration and its long-acting depot formu-
lation is not available.

The clinical advantages of depot injection for-
mulations in schizophrenia have been widely
accepted due to their superiority over the conven-
tional oral formulations. Non-adherence to dosage
regimen of medication has been a major problem
associated with psychotic patients (4). The depot

injection formulations tremendously decrease the
chances of discontinuation of treatment leading to
optimal therapeutic management and substantial
reduction in relapses of schizophrenia (5-7). 

In situ depot injections basically being liquid
compositions of a drug with a carrier and a solvent,
offer many advantages over microspherical systems
with respect to their ease of administration with
minimal invasion, better tissue compatibility, and
simplicity of preparation (8). The sucrose acetate
isobutyrate is nowadays gaining wide popularity as
release retarding carrier in the development of in
situ depot injections as compared to expensive poly-
lactic acid, polyglycolic acid polymers, and their
derivatives (9, 10). This is due to its low cost,
biodegradability, biocompatibility, and simple and
scalable formulation technique as compared to
microspheres and liposomal drug delivery systems
(11, 12). It is a hydrophobic and viscous fluid and
when dissolved in some organic solvent, transforms
into a low viscosity syringeable injectable liquid
preparation which when comes in the contact with
aqueous environment in vitro or in vivo, regenerates
into a viscous drug-containing matrix which would
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act as depot reservoir and yield a sustained drug
release for a long duration (13, 14). 

In the present study, an in situ depot injection
formulation of iloperidone was developed using
sucrose acetate isobutyrate as release retarding car-
rier and dimethyl sulphoxide, which belongs to the
safer class 3 solvent category (15) and also listed in
Inactive Ingredients Guide of United States Food
and Drug Administration (USFDA) for intravenous
infusion and subcutaneous implants (16), as sol-
vent. After in vitro release testing the developed
product was subjected to one month pharmacoki-
netic study in male albino Wistar rats after subcu-
taneous administration. The correlation between in
vitro and in vivo drug release performance of the
developed formulation was established by fraction-
al AUC (area under the curve) method (17). The
preparation and administration of the developed
depot injection formulation are represented in
Figure 1.

EXPERIMENTAL

Materials

Iloperidone was supplied by M/S Sun Pharma-
ceutical Industries Ltd., Mumbai, India, and sucrose
acetate isobutyrate by M/S Eastman Chemical
Company, Kingsport, USA, as gift samples.
Dimethyl sulphoxide was purchased from Qualigens
Fine Chemicals, Mumbai. All other chemicals and
solvents used were of analytical grade and procured
from the market. 

Particle size and polydispersity index of the drug

The mean particle size and polydispersity
index of the iloperidone drug was determined using
laser diffraction-based particle size analyzer
(Malvern Mastersizer 2000, UK).

Preparation of in situ depot injection formulation

Sucrose acetate isobutyrate (81.72% v/v) was dis-
solved in dimethyl sulphoxide (18.28% v/v).
Iloperidone drug powder was added (6% w/v) to the
above solution and dispersed on a vortex mixer (CM-
101 Plus, Remi Lab World, India) to get a uniform sus-
pension. The formulation was subjected to the follow-
ing in vitro tests and in vivo pharmacokinetic studies. 

Visual appearance

The formulated depot injection was visually
inspected for color, consistency, homogeneity, and
clarity.

Density

One mL of the formulated depot injection was
accurately pipetted into a pre-weighed micropipette
tip fitted in a 1 mL micropipette (Eppendorf) and
weighed on an analytical balance (Shimadzu). The
difference of the weights of the filled and empty
micropipette tip was taken as the density of the for-
mulation (n = 3).

Effect on the pH of surrounding fluid

The effect of formulated depot injection on the pH
of the surrounding environmental fluid after its injec-

Figure 1. Preparation of in situ gel forming depot injection and its administration



Formulation and in vivo pharmacokinetic studies of iloperidone depot injection 61

tion was studied by injecting 1 mL product in 10 mL
distilled water and then monitoring pH of the resulting
aqueous fluid for one hour by a calibrated pH meter
(Cyberscan pH 510, Thermo Fisher Scientific, USA).

Viscosity

The viscosity of the formulated depot injection
was determined (n = 3) by Brookfield Rheometer
(R/S-CPS Plusô, Brookfield Engineering, USA).
The product sample was placed in the rheometer
operated at 300 rpm at room temperature and the
viscosity was noted.

Syringeability

Syringeability measures the force required to
inject a formulation through a needle of a particular
gauge at a definite rate of injection. The syringeabil-
ity of the formulated depot injection was determined
by Texture Analyzer (TA.XT.Plus, Stable Micro
Systems, UK). One mL product was taken in a 2 mL
capacity plastic syringe fitted with 18, 20, and 21G
needle respectively and the test was conducted with
an injection speed of 1 mm/s and injection distance
of 5 mm at room temperature. The force required for
displacing the plunger of the syringe was recorded
by the software (Texture Exponent Lite) as syringe-
ability of the developed formulation.

In vitro drug release of marketed iloperidone

tablet

In order to assess drug release of marketed
product the in vitro drug release study of marketed

iloperidone tablets (Brand- Ilosure 4; B.No.:
8590780; Sun Pharma Laboratories Ltd., India) was
conducted as per the method recommended for
iloperidone tablets in USFDA Dissolution Method
Database (18). The test was performed in USP dis-
solution test apparatus II (paddle) [EDT-08Lx,
Electrolab, India] at 50 rpm using 500 mL of 0.1 N
HCl as dissolution medium. Samples of dissolution
fluid were collected at different time points and
replenished with an equal volume of fresh dissolu-
tion medium after each withdrawal. The samples
were analyzed on a double beam UV-visible spec-
trophotometer (UV-1700, Shimadzu Corporation,
Japan) at 276 nm and the cumulative percent drug
dissolved at different time points was calculated. 

In vitro drug release of formulated depot injection

The accurately weighed quantity of developed
injection formulation was transferred into a 15 mL
screw-capped plastic tube containing 10 mL disso-
lution medium and placed in an incubator shaker
bath (SM Scientific Instruments, India) maintained
at 37±1OC and 60±5 rpm stirring speed (19). The
phosphate buffered saline (pH 7.4) with 0.5% sodi-
um lauryl sulfate as a surfactant and 0.05% sodium
azide as a preservative was used as the dissolution
medium to provide sink condition for the drug
release. The iloperidone was found to be stable in
this medium for one month period of study. At dif-
ferent time intervals, entire volume of dissolution
fluid from each tube was withdrawn and replaced
with an equal volume of fresh dissolution medium.

Figure 2. In vitro dissolution profile of marketed iloperidone tablets
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The collected samples were analyzed for drug con-
tent on a double beam UV-visible spectrophotome-
ter (UV-1700, Shimadzu Corporation, Japan) at 276
nm and the cumulative percent drug release at dif-
ferent time points was calculated. 

In vivo pharmacokinetic study

The in vivo pharmacokinetic study was con-
ducted on six healthy male albino Wistar rats of
160-200 g body weight with due approval of the
Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA)
(Approval number: CPCSEA/IAHVB/2017/01/02).
The animals were housed in spacious cages for easy
movement and given free access to food and water
during the entire period of study. The developed
depot injection formulation was subcutaneously
injected (20) to each rat using a 20G needle at a dose
of 50 mg/kg body weight. The blood samples (0.3
mL) were collected at predefined time intervals
from lateral tail vein (21) and transferred into cen-
trifuge tubes containing a solution of disodium ede-
tate as a anticoagulant and centrifuged at 5000 rpm
for 10 min at 4OC (Eppendorf 5415R Centrifuge,
Eppendorf, Germany) to separate the plasma. The
plasma samples were collected into fresh centrifuge
tubes and stored at -20OC until analyzed.

Sample preparation

Each plasma sample stored at -20OC was first
thawed at room temperature and mixed well with

three times its volume of acetonitrile on a vortex
mixer (CM-101 Plus, Remi Lab World, India) for 5
min to precipitate plasma proteins and then cen-
trifuged at 5000 rpm for 10 min at 4OC (Eppendorf
5415R Centrifuge, Eppendorf, Germany). The sepa-
rated supernatant was collected in another tube and
then subjected to high-performance liquid chro-
matography (HPLC) analysis. 

HPLC analysis:

The prepared plasma samples were analyzed
for drug content on a reverse phase HPLC system
(Waters Corporation, USA) using Waters 2996 pho-
todiode array detector, Empower software, and a
4.6 ◊ 250 mm; particle size 5 µm C18 BDS Hypersil
Phenyl column (Thermo Fisher Scientific Inc.,
USA). The mobile phase consisted of acetonitrile
and phosphate buffer pH 6.0 (40:60 v/v) with a flow
rate of 1.5 mL/ min. The injection volume was 
20 µL and the detection wavelength of 276 nm. This
method of analysis has had the lower limit of quan-
tification (LLOQ) of 50 ng/mL and demonstrated
linearity over the concentration range of 50-1000
ng/mL (22).

Statistical data analysis:

A plasma drug concentrationñtime curve was
constructed by plotting the plasma drug concentra-
tion against time. The peak plasma drug concentra-
tion (Cmax) and time to achieve peak plasma drug
concentration (Tmax) were directly obtained from the

Figure 3. In vitro drug release of developed depot injection of iloperidone
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graph and the area under the plasma drug concentra-
tionñtime curve (AUC0 ñ 30d) was calculated by trape-
zoidal method (23). The plasma drug concentra-
tionñtime data were represented by non-compart-
mental pharmacokinetic model for extravascular
administration (24-26) and the terminal elimination
rate constant (λz), terminal elimination half-life (t1/2),
mean residence time (MRT), apparent volume of
distribution after extravascular administration
(Vz/F), and total apparent clearance of the drug from
plasma after extravascular administration (Cl/F)
were calculated using Kinetica software (Version
5.0, Adept Scientific, UK). 

In vitro ñ in vivo correlation

The in vitro- in vivo correlation (IVIVC) pro-
vides in vivo relevance to the in vitro drug release
data, reduces the period of drug development, helps
in quality control for scale-up and post-approval
changes, and supports in the grant of biowaiver in
new product development (27). 

In the present study, the IVIVC between in
vitro drug release and the plasma concentration
data was established by fractional AUC method
(17). The fractional AUC was calculated by divid-
ing AUCs at different time intervals with cumula-
tive AUC till last time point and the percent frac-
tional AUC was plotted against the in vitro cumu-
lative percent drug release and the correlation coef-
ficient was calculated to assess the extent of IVIVC
(23, 28).

RESULTS 

Particle size and poly-dispersity index of the drug

The mean particle-size of iloperidone drug
present in the depot formulation was found to be
7.734 µm with a polydispersity index of 2.323.

Visual appearance

The formulated depot injection was a slightly
off white colored viscous liquid dispersion. 

Density

The density of the formulated depot injection
was found to be 1.135 ± 0.013 g/mL (n = 3).

Effect on the pH of surrounding fluid

When the formulated depot injection was
injected into 10 mL of distilled water to form an in
situ gel depot, the pH of the distilled water remained
unchanged at 7.0 ± 0.5 during 1 h of study. This
implies that the presence of the formulated depot
injection at the site of injection would not alter the
pH of the surrounding fluid.

Viscosity

The viscosity of depot injections plays an
important role in controlling the burst release but at
the same time, it adversely affects the syringeability
of the formulation (29). The viscosity of sucrose
acetate isobutyrate is ~100,000 mPas but after dilu-
tion with 15-35% of organic solvents, it gets low-

Figure 4. In vivo pharmacokinetic profile of iloperidone after subcutaneous administration of developed in situ depot injection to rats (n = 6)
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ered to 50-200 mPas (12). In the present study, the
viscosity of the formulated depot injection was
found to be 151.37 ± 21.99 mPas (n = 3) at room
temperature. 

Syringeability

The injection force required to expel the for-
mulated depot injection from the syringe was found
to increase with an increase in the needle gauze size
and was in order of 21G > 20G > 18G > 16G and
was measured as 135 N, 75 N, 25 N, and 10 N
respectively for 21G, 20G, 18G, and 16G needles.
The needle gauge size recommended for intramus-
cular administration is 20-23G (30) and the formu-
lated depot injection was readily syringeable
through a 20G needle. 

In vitro dissolution study of marketed iloperidone

tablet

The dissolution profile of the marketed tablets
of iloperidone (4 mg strength) depicted in Figure 2
shows that 90% drug release took place within four
hours. Although the half-life of iloperidone is 18-33 h
(31) which indicates that its once a day dosage regi-
men is possible, but in order to minimize the ortho-
static hypotension in the uptitration phase the
iloperidone tablets are administered twice a day (3).
This outweighs the advantage of its longer half-life

and the need for a long-acting formulation becomes
even more apparent. 

In vitro drug release of developed in situ depot

injection

Figure 3 shows one month in vitro drug release
profile of the formulated depot injection. First day
approximately 10% drug was released and after 30
days the cumulative drug release was around 86%.
The graph was linear (R2 = 0.985) with the values of
intercept and slope equal to 6.889 and 2.745 respec-
tively.

In vivo pharmacokinetic study:

The plasma levels attained by the developed
depot injection with respect to time are shown in
Figure 4. The mean peak plasma drug concentration
of 871.8 ng/mL was attained after 3 days of drug
administration which subsequently declined to 284
ng/mL on the 7th day. The plasma drug concentration
was maintained between 139 ng/mL and 235 ng/mL
concentration range during 15 to 26 days of admin-
istration and afterward decreased to 101 ng/mL on
the 30th day. This shows that the developed depot
injection could sustain the drug release for a dura-
tion of one month.

The pharmacokinetic parameters obtained
from plasma drug concentration data are enlisted in

Figure 5. In vitro ñ in vivo correlation of the developed depot injection of iloperidone

Table 1. Pharmacokinetic parameters of the developed depot injection of iloperidone.

Pharmacokinetic Cmax Tmax AUC0-30d λz t1/2 MRT Vz/F Cl/F
Parameter (ng/mL) (d) (ng.d/mL) (1/d) (d) (d) (L/Kg) (L/d.Kg)

Value 871.8 ± 64 3 8276 ± 1483 0.0289 24 28.9 145.3 4.2

In vitro % Drug release
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Table 1. The Cmax and AUC0-30d are reported as mean
± standard deviation while the other pharmacokinet-
ic parameters are as obtained from Kinetica software
using mean values. 

DISCUSSION AND CONCLUSION

The in vitro cumulative drug release profile of
the developed depot injection followed a predomi-
nantly zero order drug release kinetics with a corre-
lation coefficient of 0.985. The intercept of the
graph signifies the initial burst release of 6.89%
which is equivalent to 2.07 mg drug release on the
first day and the drug release flux obtained from the
slope of the graph was 2.74%/d which is equivalent
to 0.82 mg/d. 

The in vivo pharmacokinetic profile exhibited
a sustained drug release from the developed depot
injection over a period of one month as evident
from the mean residence time of 28.9 days, without
any prominent burst release. The developed depot
formulation was basically a suspension of iloperi-
done in sucrose acetate isobutyrate-dimethyl
sulphoxide solution. Therefore, the sustained drug
release observed from the formulation can be main-
ly attributed to the release retarding barrier proper-
ties of the in situ gel depot matrix formed by
sucrose acetate isobutyrate. The drug particles sus-
pended in the matrix acted as reservoirs and contin-
uously dissolved in order to maintain a constant
drug release flux from the matrix to the surrounding
fluid to restore the diffused amount (32-34). The
suspensions are known to cause slower absorption
than solutions and result in a zero order drug
absorption profile (35). In addition, as the time
elapsed, the biodegradation of sucrose acetate
isobutyrate must also have begun and after four
days of administration would slowly have started
contributing to the enhancement in drug release
from gel depot matrix (36). 

The observed nominal initial burst release
could be mainly due to the presence of small amount
of drug in the dissolved form in dimethyl sulphoxide
present in the formulation which would have got
released in the surrounding fluid in vivo soon after
the injection and also partly due to little time lag
manifested in the depot formation. 

In vitro- in vivo correlation:

The graph between fractional AUC of plasma
concentration profile and in vitro cumulative percent
drug release of the formulated depot injection at dif-
ferent time points as shown in Figure 5 is almost lin-
ear over 0-30 days with a correlation coefficient of

0.968 indicating a good correlation between the in
vitro and in vivo drug release profiles (37). The
IVIVC is, however, more pronounced during 7-30
days with R2 = 0.999. 

In conclusion, the in vivo pharmacokinetic
studies of the developed in situ gel forming depot
injection of iloperidone revealed a long-term sus-
tained drug release potential of the formulation
with a mean residence time of 28.9 days and half-
life of 24 days. It showed a Cmax of 871.8 ng/mL
and Tmax of 3 days with a nominal burst release.
The developed formulation is a simple to prepare
in situ gel forming depot injection of iloperidone
based on a low-cost biodegradable release retard-
ing excipient sucrose acetate isobutyrate and class
3 solvent dimethyl sulphoxide. All relevant phar-
maceutical properties of the formulation including
syringeability and viscosity were in the acceptable
limits and a close to zero order in vitro drug release
along with a good in vitro- in vivo correlation was
demonstrated.
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