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Iloperidone is a new atypical antipsychotic drug 
approved by USFDA in 2009 for the treatment of 
schizophrenia[1]. It is effective against positive as well 
as negative symptoms of schizophrenia and has many 
specific advantages over other atypical antipsychotics.  
It has a low tendency to induce extrapyramidal 
symptoms and is well tolerated[2]. Presently it is available 
as a tablet dosage form in 1-12 mg strengths with a 
maximum daily dose of 24 mg. Its elimination half-life 
is 18 h in case of extensive CYP2D6 metabolizers and 
33 h in poor CYP2D6 metabolizers[3]. However, despite 
having a half-life of 18-33 h, it needs to be administered 
twice a day to minimize the orthostatic hypotension in 
the uptitration phase[1]. Now-a-days antipsychotic drug 
therapy is clinically preferred with depot injections 
as they ensure uninterrupted and consistent drug 
delivery for 1-3 mo. Presently no depot formulation of 
iloperidone is available, though a microcrystals-based 
depot preparation is under development and a US 
patent has been granted to Novartis Pharmaceuticals[4].

Oral antipsychotic drug therapy’s major drawback is 
poor patient compliance and associated increased risk 

of non-adherence to the dosage regimen[5]. According 
to one report, 40 % psychotic patients adhere poorly 
to their medication schedule while 61 % patients 
develop this problem at some point of time during 
drug therapy[6]. The above behavior of patients towards 
oral drug therapy leads to inconsistency in drug 
administration and relapse of psychosis. Long acting 
injections overcome the above drawback of oral drug 
therapy as the direct involvement of patient in daily 
drug administration at different time intervals is 
avoided. This eliminates the possibility of interruptions 
in regular drug administration and therefore considered 
as an effective and better means of antipsychotic drug 
therapy with lower relapse rate[7]. 

Sucrose acetate isobutyrate (SAIB) is a US FDA 
approved food additive with a safe human daily intake 
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of up to 20 mg/kg[8]. It is extensively metabolized in the 
body to sucrose and partially acylated sucrose, which 
are readily absorbed and subsequently eliminated from 
the body[9]. Its extravascular parenteral administration 
has been shown to be biocompatible and well tolerated 
in rats through intramuscular and subcutaneous routes 
with no signs of serious inflammation or necrosis in 
histological examination at the site of injection[10,11]. 
For quite some time, it is being tried in the formulation 
designing of in situ gel forming depot injections and 
has been successfully evaluated to provide sustained 
drug delivery of an anesthetic agent in post-surgical 
pain management through depot injection[12]. The 
SAIB-based in situ gel forming depot injections are 
economical formulations also offering the benefit of 
ease of manufacturing[13]. The SABER® systems use 
SAIB along with a solvent and a release modifier for 
sustained release of therapeutic agents[10]. SAIB is an 
extremely hydrophobic viscous liquid but it forms a 
low viscosity fluid when dissolved in some organic 
solvents[14]. If the solvent is water miscible, the resulting 
fluid can be used as a vehicle for designing long acting 
intramuscular or subcutaneous in situ gel forming 
depot injection. The solvent present in the formulation 
would eventually diffuse out when it would come in 
contact with aqueous biological fluid present at the site 
of injection leaving a highly viscous biodegradable 
SAIB-drug matrix, which would act as a drug depot for 
extended drug release in vivo[15,16]. 

Systematic product development based on quality by 
design has become a well-established approach in 
the formulation development[17]. The prime objective 
of quality by design is to achieve performance-
based quality attributes in the product[18]. Several 
experimental designs are available with their specific 
applications. Mixture designs are used in the designing 
of formulations containing multiple excipients and 
in which the properties of the finished product do 
not depend on the amount of each excipient present 
but on their proportions, and the sum total of the 
proportions of different excipients is unity without 
any negative fraction[19]. The D-optimal mixture 
design was employed in the present studies because it 
involves smaller number of runs and thereby reduces 
development cost[20]. 

Most of the reported and marketed in situ gel forming 
implants employ polylactic acid (PLA), poly(lactic-
co-glycolic acid (PLGA) and their derivatives 
as biodegradable release retarding polymers for 

controlling the drug release from the depot formed 
in situ[10,11,21,22]. These polymers are, however, quite 
expensive and add to the cost of the developed depot 
formulation. These products invariably also use a class 
2 organic solvent like N-methyl-2-pyrrolidone (NMP), 
which is extremely toxic. In the present investigations 
an attempt was made to develop a long acting depot 
injection of iloperidone using SAIB as release 
retarding material, which is much cheaper than PLGA, 
and dimethylsulphoxide (DMSO) as solvent, which is 
a class 3 solvent and safer as compared to NMP.

MATERIALS AND METHODS

SAIB was supplied by M/S Eastman Chemical 
Company, Kingsport, USA and iloperidone by M/S 
Sun Pharmaceutical Industries Ltd., Mumbai, India 
as gift samples. All other chemicals and solvents used 
were of reagent grade and purchased from market. 

Particle size of iloperidone powder: 

The average particle size and polydispersity index of the 
iloperidone drug powder was determined by Malvern 
Mastersizer 2000 (Malvern, UK) using Millipore water 
containing 0.02 % Tween 80 as a dispersant. 

Solubility determination:

The solubility of iloperidone was determined in purified 
water, different organic solvents, drug release test 
medium comprising of phosphate buffered saline (PBS) 
pH 7.4+0.5 % sodium lauryl sulphate (SLS)+0.05 % 
sodium azide, and drug release test medium containing 
DMSO and SAIB in the same ratio as used in the final 
formulation. An excess quantity of drug was added 
to each of the above solvents in stoppered glass test 
tubes, which were kept on a shaker water bath at room 
temperature for 48 h. The saturated solutions were 
filtered through 0.45 µm membrane filter and the drug 
concentration was estimated spectrophotometrically 
at 276 nm wavelength on a double beam UV/Vis 
spectrophotometer (UV-1700, Shimadzu, Japan).

Preparation of long acting in situ gel forming depot 
injection:

Weighed quantity of SAIB was dissolved in a 
measured volume of ethanol/triacetin/DMSO using a 
vortex mixer. Iloperidone powder was weighed and 
added to the SAIB solution and mixed well to get a 
uniform suspension. Different formulation batches 
were designed with varied concentrations of SAIB and 
solvent.
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In vitro drug release:

The formulated product was injected into a 15 ml screw- 
capped plastic tube containing 10 ml drug release test 
medium, which on coming in contact with aqueous 
fluid, formed an in situ gel depot matrix. The tubes 
were placed in an incubator shaker bath maintained at 
a temperature of 37±1° and operated at 60±5 rpm[23]. At 
different time intervals, entire 10 ml drug release fluid 
was pipetted out and replaced with 10 ml fresh drug 
release test medium. The withdrawn samples were 
analysed on a double beam UV/Vis spectrophotometer 
at 276 nm. 

Experimental design:

The most important objective of long acting depot 
injection designing is to achieve the requirement 
of sustained drug release up to the period of dosing 
regimen. In the present formulation optimization 
studies, the upper and lower levels of the input variables 
were decided on the basis of initial screening trials. A 
statistical design of experiment (DOE) was planned 
in which the percent concentration of the formulation 
excipients, i.e., SAIB and DMSO was selected as input 
variable and the cumulative percent drug release at 
various time points was selected as response variable. 
The optimization was done by D-optimal mixture 
design using Design Expert software (version 7.1.5, 
Stat-Ease Inc., Minneapolis, Minnesota, USA). 

RESULTS AND DISCUSSION

The iloperidone powder was in micronized form with 
an average particle size of 2.64 µm (surface mean) 
and 7.7 µm (volume mean) with d50 and d90 values 
of 6.08 and 14.90 µm, respectively. The solubility 
of iloperidone was determined in purified water and 
various other solvents and reported in Table 1. As the 
solubility of iloperidone in water and PBS (pH 7.4) 

was poor, 0.5 % SLS was added to PBS as a surfactant 
to attain sink conditions in drug release study. Because 
the studies were to be conducted for a long time period, 
0.05 % sodium azide was also added in the release test 
medium as a preservative. Iloperidone was stable in the 
release test medium for one month.

SAIB is a very viscous fluid, but when dissolved in 
even a small amount of certain organic solvents it 
forms a low viscosity solution. In the present studies, 
SAIB solutions were prepared in DMSO, triacetin, and 
ethanol, respectively. The in situ gel forming depot 
injections were formulated by dispersing iloperidone 
in each of the above SAIB solutions (IL/IS/PRE1-3).  
A plain iloperidone dispersion in drug release test 
medium without SAIB solution was used as the control 
(IL/IS/PRE4). The composition of formulations 
designed for pre-optimization studies is shown in 
Table 2. The final selection of solvent was done on 
the basis of in vitro drug release from the respective 
solvent-based formulation as well as their toxicological 
considerations. The formulated depot injections were 
subjected to in vitro drug release study for 30 d. The 
drug release data are recorded in Table 3.

As evident from Table 3, the first day in vitro drug 
release from the designed injection formulations 
containing ethanol, triacetin, and DMSO as solvent 
was 21.81, 3.18, and 8.61 %, respectively. The release 
profile showed almost zero burst release with triacetin, 
8.61 % burst release with DMSO, and 21.81 % burst 
release with ethanol-based formulations. The time 
taken for 50 % drug release (T50 %) was found to be 5, 
25, and 17 d and for 90 % drug release (T90 %) it was 
calculated to be 27, 47, and 37 d from the formulations 
containing ethanol, triacetin, and DMSO, respectively. 
The ethanol-based formulation (IL/IS/PRE1) showed 
highest burst release and 50 % cumulative drug release 
in 5 d whereas triacetin-based formulation (IL/IS/
PRE2) showed 50 % drug release in 25 d without any 
burst release, however, the total drug release from this 
formulation in 30 d was 52 % only. The DMSO-based 
formulation (IL/IS/PRE3) on the other hand showed a 
little burst release and exhibited 50 % drug release in  
17 d and 69 % drug release in 30 d. The plain iloperidone 
drug dispersion in drug release test medium without 
SAIB and solvent (IL/IS/PRE4) dissolved completely 
in 1 d indicating that the drug itself cannot provide 
any sustained release. The sampling time for plain 
iloperidone was 1, 3, 6, 12, and 24 h. Considering 
initial burst release and subsequent release patterns, 
the release profile of DMSO-based formulation was 

Medium Solubility
(mg/ml)

Purified water 0.018±0.0009
DMSO 21.795±1.068
Triacetin 110.437±9.156
Ethanol 4.822±0.564
PBS 0.005±0.0002
Drug release test medium (PBS+0.5 % SLS)
Drug release test medium+excipients in 
formulation (DMSO and SAIB)

0.873±0.067
1.073±0.060

TABLE 1: SOLUBILITY OF ILOPERIDONE IN 
DIFFERENT SOLVENT MEDIA

Mean±SD, n=3, DMSO is dimethylsulphoxide; PBS is phosphate 
buffered saline (pH 7.4); SLS is sodium lauryl sulphate and SAIB is 
sucrose acetate isobutyrate
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found to be better than ethanol and triacetin-based 
formulations.

SAIB is soluble in some water miscible organic 
solvents, like ethanol, NMP, DMSO, and triacetin. 
Out of these solvents, the DMSO and ethanol belong 
to class 3 category of solvents, which is regarded as 
safe and less toxic solvent category with lower risk to 
human health. The NMP, though, is a good solvent for 
SAIB but it belongs to class 2 solvent category, the use 
of which is restricted in pharmaceutical products due 
to its inherent toxicity[24]. Due to these reasons, NMP 
was not included in the present studies. The relevant 
particulars of all the above four solvents with regards 
to their safety considerations are presented in Table 4. 

Though triacetin is GRAS listed, but it is not included 
in IIG list for any parenteral product[25]. Considering 
the LD50 values also it stands inferior to DMSO and 
ethanol. On comparing the LD50 values, DMSO was 
found to be a much safer solvent than even ethanol[26]. 
The in vitro drug release profile of the respective solvent-
based product as well as their safety considerations 
as detailed above favored the selection of DMSO as 
the most functionally effective and safest solvent 
option among all the four solvents. The composition 
of SAIB and DMSO was optimized by D-optimal 

mixture design using Design Expert software. The 
independent variables along with their levels selected 
in the designing of depot injection are listed in Table 5.

The 50 % SAIB concentration was taken as the lowest 
level since at concentrations lower than 50 % SAIB 
was not found to sufficiently retard the drug release 
from the depot injection formulation. The upper 
level of SAIB concentration was kept as 90 % as the 
formulations with more than 90 % SAIB concentration 
resulted in an excessively viscous fluid, with poor 
syringeability. The optimization software suggested  
5 formulation trial runs with different concentrations 
of SAIB and DMSO. The DOE plan of the formulation 
optimization study is shown in Table 6. 

The formulations were prepared and subjected to 
in vitro drug release study for 30 d. The cumulative 
percent drug release at the end of day 1 (Y1),  
day 3 (Y2), day 7 (Y3), day 15 (Y4), day 22 (Y5), and 
day 30 (Y6) were selected as the response variables. 
Drug release data obtained are presented in Table 7. 
The drug release profiles showed that the rate of drug 
release was consistently reduced, as the amount of 
SAIB was increased in the formulation. The obtained 
response variables were entered into the Design Expert 
software and the numerical optimization of the drug 

Formulation batch code Drug (mg) SAIB (%) Ethanol (%) Triacetin (%) DMSO (%)
IL/IS/PRE1 30 90 10 - -
IL/IS/PRE2 30 90 - 10 -
IL/IS/PRE3 30 90 - - 10
IL/IS/PRE4 30 - - - -

TABLE 2: COMPOSITION OF PRE-OPTIMIZATION BATCHES OF IN SITU GEL FORMING DEPOT INJECTIONS 
OF ILOPERIDONE

Formulation
batch code

In vitro cumulative % drug release
Day 1 Day 3 Day 7 Day 15 Day 22 Day 30

IL/IS/PRE1 21.81±2.25 38.17±0.86 56.38±3.29 72.81±2.66 79.42±0.81 85.9±2.40
IL/IS/PRE2 3.18±0.57 13.93±0.61 28.96±3.28 42.22±2.34 46.74±3.07 52.13±2.77
IL/IS/PRE3 8.61±0.82 16.28±1.75 26.85±2.79 45.32±2.29 57.38±2.46 68.69±1.43
IL/IS/PRE4* 99.16±3.88 - - - - -

TABLE 3: IN VITRO DRUG RELEASE FROM PRE-OPTIMIZATION FORMULATION BATCHES OF 
ILOPERIDONE

In vitro cumulative percent drug release from pre-optimization formulation batches of in situ gel forming depot injections of iloperidone. 
Mean±SD, n=3. *1 h- 25.53 %; 3 h- 53.61 %; 6 h- 81.83 %; 12 h- 94.54 % and 24 h- 99.16 %

Solvent Solvent class Regulatory status (FDA IIG listing for)
LD50 (rat) LD50 (mouse)

IV IP SC IV IP SC
DMSO III IV infusion and SC implants 5.3 8.2 12 3.8 2.5 NR
Triacetin NR None (but GRAS listed) NR 2.1 2.8 0.75 1.4 2.3
Ethanol III IV, SC, IM injection 1.44 3.75 NR 1.97 0.93 3.05
NMP II SC injection 0.08 2.47 NR 0.15 3.05 NR

TABLE 4: TOXICOLOGICAL ASPECTS OF DMSO, TRIACETIN, ETHANOL, AND NMP[24-26]

FDA is Food and Drug Administration; IIG is inactive ingredients guide, GRAS is generally recognized as safe; NR is not reported; IV is 
intravenous; IP is intraperitoneal; SC is subcutaneous and IM is intramuscular
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release from the formulations was done with the help 
of desirability function. For the optimum drug release 
from the designed in situ gel forming depot injection, the 
desirability criteria were set as the minimum cumulative 
percent drug release in 1, 3 and 7 d, and maximum 
cumulative percent drug release in 30 d. Accordingly, 
the software provided following polynomial equations 
to establish the relationship between independent and 
response variables, Y1 = 0.01248X1+0.55988X2; Y2 = 
0.05880X1+0.82900X2; Y3 = 0.16099X1+1.08169X2; 
Y4 = 0.28876X1+1.04037X2+6.30714×10-3X1X2; 
Y5 = 0.52802X1+1.40982X2, and Y6 = 0.55560X1
+0.34104X2+0.02162X1X2. The p-values obtained 
for response variables Y1 to Y6 were 0.0010, 0.0018, 
0.0012, 0.0003, 0.0007 and 0.0108, respectively all of 
which were less than 0.0500. This confirmed that the 
experimental design model was significant. Further, the 
software predicted an optimal formulation composition 
of the in situ gel forming depot injection and its drug 
release profile with a desirability value of 0.7 as shown 
in Table 8. The software-predicted optimal formulation 
was prepared in the laboratory and subjected to in vitro 
drug release study for 30 d. The results obtained are 

shown in Table 9. The optimized formulation exhibited 
a consistent drug release profile with a negligible burst 
release and 85.71 % cumulative percent drug release 
in 30 d. The r2 values for predicted and observed drug 
release profiles were 0.989 and 0.995, respectively. 
To establish correlation between the experimentally- 
observed and software-predicted drug release 
profiles, a graph was plotted between the predicted 
and observed drug release data as shown in fig. 1[27]. 
The correlation coefficient of 0.997 confirmed a good 
agreement between the predicted and observed drug 
release data. To understand the drug release kinetics 
of the developed optimized in situ gel forming depot 
injection, the in vitro drug release data were fitted into 
zero order, first order, Higuchi, and Hixson-Crowell 
drug release models and the correlation coefficient (r2) 
with respect to each model was determined to evaluate 
the accuracy of fit. The best fit of the experimental 
data was observed in zero order drug release model 
(r2=0.985), which indicated a near zero order drug 
release from the developed formulation. The r2 value 
of Higuchi model was 0.976, which implied that the 
drug release from the developed in situ gel forming 
depot system was mainly diffusion controlled[28]. This 
is substantiated by the fact that SAIB was reported not 
to undergo any degradation in vitro[16]. 

Formulation 
batch code

In vitro cumulative % drug release
Day 1
(Y1)

Day 3
(Y2)

Day 7
(Y3)

Day 15
(Y4)

Day 22
(Y5)

Day 30
(Y6)

IL/IS/OP1 28.63±1.81 42.68±2.75 60.73±3.79 82.06±1.29 96.33±2.98 99.15±4.42
IL/IS/OP2 23.57±3.21 38.97±2.23 54.10±2.89 74.52±3.80 87.12±4.80 98.76±4.10
IL/IS/OP3 17.98±2.30 30.19±3.30 46.13±3.34 64.33±2.56 80.94±1.64 93.27±5.02
IL/IS/OP4 10.25±3.19 18.87±2.60 31.79±4.22 54.01±3.82 72.18±2.13 87.65±3.08
IL/IS/OP5 7.92±1.92 14.22±3.75 25.85±1.85 42.12±4.88 59.71±3.46 72.19±3.91

TABLE 7: IN VITRO DRUG RELEASE FROM OPTIMIZED FORMULATION BATCHES OF ILOPERIDONE 

In vitro cumulative percent drug release from optimized formulation batches of in situ gel forming depot injections of iloperidone. Mean±SD, 
n=3

Independent variable Lower 
level

Upper 
level

% Concentration of SAIB (X1) 50 90
% Concentration of DMSO (X2) 10 50

TABLE 5: INDEPENDENT VARIABLES SELECTED 
FOR OPTIMIZATION OF IN SITU GEL FORMING 
DEPOT INJECTION OF ILOPERIDONE

Formulation
batch code

Independent variable
X1 (SAIB %) X2 (DMSO %)

IL/IS/OP1 50 50
IL/IS/OP2 60 40
IL/IS/OP3 70 30
IL/IS/OP4 80 20
IL/IS/OP5 90 10

TABLE 6: DESIGN OF EXPERIMENT PLAN FOR 
FORMULATION OPTIMIZATION OF IN SITU GEL 
FORMING DEPOT INJECTION OF ILOPERIDONE
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In summary, the SABER® technology was explored 
in this study to develop an in situ gel forming one 
month depot injection formulation of iloperidone 
using D-optimal mixture design technique. The Design 
Expert software predicted the optimum formulation 
composition comprising of 81.718 % SAIB and 
18.282 % DMSO. The optimized injection formulation 
experimentally yielded a zero order drug release profile 
with 85.71 % cumulative percent drug release in 30 d. 
The experimentally-observed and software-predicted 
drug release profiles were in good agreement with a 
correlation coefficient of 0.997. 
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