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ABSTRACT 

Objectives: Estimation of drug in plasma during in vivo studies requires a highly sensitive and precise method. Thus, the objective of the current 
study is to develop a LC-MS/MS method for quantitation of Iloperidone (ILO) in rabbit plasma, which was further used for in vivo study as a part of 
development of long acting depot formulation. 

Methods: The quantitation of the drug was determined by positive ion mode with multiple reaction monitoring (MRM). Plasma extraction was 
carried out using Celerity Deluxe cartridge showing more than 95 % recovery. The chromatographic conditions for quantitation of ILO were use of 
Kromasil C18

Results: The method was linear over concentration range of 0.5-100 ng/ml with correlation coefficient more than 0.999. The lower limit of 
quantitation was 0.5 ng/ml and recovery was found more than 95% for ILO and olanzapine. Extraction and estimation of ILO were performed using 
the developed method. Steady release of ILO from depot formulation was observed up to 14 days in rabbits.  

 (50*4.6 mm, 5 µm) column using, 0.01M Ammonium format Buffer (pH 5.5): Acetonitrile (10:90) as mobile phase. Olanzapine was 
used as an internal standard. The developed method was applied for pharmacokinetics study of ILO in rabbits after intramuscular administration of 
6.24 mg/kg dose.  

Conclusion: The developed LC-MS/MS method was precise and having detectability for lower drug concentration in rabbit plasma and it was 
successfully applied to study in vivo drug release in rabbits. 
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INTRODUCTION 

Iloperidone (ILO) is a commercially available second generation 
antipsychotic agent, approved for acute treatment of schizophrenia in 
adults [1]. Currently, ILO is official in Indian pharmacopoeia and under 
priority new monographs list in U. S. Pharmacopoeia [2, 3]. It is a 
piperidinyl-benzisoxazole derivative with antagonistic activity at 
serotonergic 5-HT2A, dopaminergic D2/D3

Literature review reveals, analytical methods are reported for 
estimation of ILO from various human matrixes. In the early years, 
Stephen M. Sainati et al. developed a high performance liquid 
chromatographic (HPLC) method to study safety, tolerability and 
effect of food on pharmacokinetics of ILO [8]. Mutlib et al. have 
developed a HPLC with selected-ion monitoring electrospray mass 

spectrometry (LC-MS) for quantification of ILO and their principal 
metabolite, 4- [3- [4-(6-fluoro-l, 2-benzisoxazol-3-yl)-l-piperidinyl] 
propoxy]-3-methoxy-α-methylbenzenemethanol in human plasma 
[9]. Mengmeng Jia et al. also developed liquid chromatography-
tandem mass spectrometry for pharmacokinetic study of ILO in 
humans along with its two active metabolites P88 and P95 [10]. A 
HPLC method was also reported by Leenata Mandpe et al. for 
determination of ILO and idebenone in human plasma [1]. Overall 
impression of literature search is that, all reported methods are 
based on pharmacokinetic study in human matrices. For the 
development of any long acting formulation preliminary animal 
study is required. 

 and adrenergic receptors 
[4]. It is chemically known as (1- [4- [3- [4-(6-fluoro-1, 2-benzisoxazol-
3-yl)-1-piperidinyl] propoxy]-3-methoxyphenyl] ethanone) and 
chemical structure is shown in the fig. (1) [5]. ILO is a white to off 
white powder. It is practically insoluble in water, very slightly 
soluble in 0.1N HCl, sparingly soluble in acetone and soluble in 
acetonitrile, chloroform, methanol, and ethanol [3]. The oral tablet 
form is commercially available in different dosage strength like 1, 2, 
4, 8, 10 and 12 mg. Oral dosage forms are prescribed twice daily in 
schizophrenia which increases inconvenience in patients as well as 
caretakers [4]. In order to increase convenience, a formulation 
which deliver medication for longer duration will be beneficial to 
maintain drug therapeutic level without missing a dose. Hence there 
is a need of an effective pharmaceutical formulation which decreases 
the frequency of dose intake and provides drug release for longer 
duration which results increase in patient compliance [5]. Now days, 
inventors are developing long acting formulations comprising ILO 
using different techniques. One of the technique is 
microencapsulation in which drug is entrapped in a biodegradable 
polymer like poly(d, l-lactide-co-glycolide) [6]. Another approach is 
use of different particles size crystals (about 200 µm) which reduces 
the solubility of drug and administrated into muscles [7]. These 
formulations provide a controlled-release of ILO over longer 
duration of time form days to months [6, 7].  

Therefore, the aim of this study was to develop a specific, fast and 
accurate method for an assay of ILO from rabbit plasma. In current 
research, LC-MS/MS method has been developed for drug release 
study from formulation. In this method, purification of sample was 
achieved by solid phase extraction (SPE) cartridges. The 
developed method has been successfully used to support the 
pharmacokinetic release study of ILO from intramuscular injection 
in rabbit model. It is expected that the results of these studies will 
provide useful information for development of long acting 
formulation. 

 

 

Fig. 1: Chemical structure of ILO (A) and OLA (B) 
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Experimental 

Chemicals and reagents 

ILO (purity 99.8%) was procured from Joyochem Ltd (Jinan, China). 
Olanzapine (OLA) (purity 99.4%) used as an internal standard (IS) 
was a generous gift by Aum Laboratories (Ahmadabad, India). SPE 
cartridge, Celerity Deluxe DVB-LP 30 mg/ml and heparin sodium 
were purchased from Orochem India Pvt. Ltd. (Mumbai, India) and 
Biological E Ltd. (Himachal Pradesh, India) respectively. HPLC grade 
acetonitrile and analytical grade ammonium formate were 
purchased from Merck (Mumbai, India). 

Standard solution preparation 

A stock solution of ILO (0.5 mg/ml) was prepared in water: 
acetonitrile (50:50) as diluent. From the stock solution, working 
standard solution of 2.5 µg/ml concentration was prepared. A series 
of working calibration standard solutions were prepared from 
working standard solution in order to have the final ILO 
concentration of 0.5, 1, 5, 10, 20 and 100 ng/ml in 200 µl rabbit 
plasma. The IS stock solution was prepared, having a concentration 
of 0.2 mg/ml in diluent. From this, aliquot was diluted to get 2000 
ng/ml working IS solution. Finally, all prepared working standards 
were spiked with 10 µl working IS solution and vortexed for 30 sec 
before extraction procedure. 

Sample preparation 

For current development, different types of SPE cartridges were 
tried. Out of them, Celerity Deluxe DVB-LP cartridge was selected. 
Initial conditioning was carried out with 1 ml acetonitrile followed 
by 1 ml water. Amount of plasma sample loaded was 0.2 ml, 
followed by 1 ml water as washing solvent and finally elution was 
carried with 0.5 ml acetonitrile. Collected eluent was evaporated 
under nitrogen air and reconstituted in 100 µl mobile phase. All the 
reconstituted samples were analyzed by the developed method. 

Chromatographic conditions 

The liquid chromatography was performed using Jasco system 
having a binary gradient pump and auto injector. Detection was 
performed on AB Sciex (USA) manufactured API 2000 MS/MS 
system. The chromatographic separation was achieved using 
Kromasil C18

Method application 

 (50*4.6 mm, 5 µm). After the constructive analysis in 
order to develop a fast LC method recommended chromatographic 
parameters were isocratic mode at a flow rate of 0.4 ml/min. 
Acetonitrile: buffer (90:10) was used as mobile phase where buffer 
was 0.01M ammonium format pH 5.5 in milli Q water. The pH of 
mobile phase was adjusted to 5.5 using 5 % formic acid or ammonia. 
Finally mobile phase was filtered with 0.45 µm membrane filter and 
sonicated to remove dissolved gases. The column oven was 
maintained at room temperature throughout the study. The eluted 
peaks of ILO and OLA were detected by a mass spectrometer in MRM 
mode. The detection parameters set for ILO and OLA were 
427.0/190.1 and 313.1/256.2 respectively. Prior to start quantitation, 
the column was equilibrated with the mobile phase for 15 min. 

The developed LC-MS/MS method was used to evaluate the release 
study in rabbit after an intramuscular administration of ILO 
suspension. The animal study was approved by 13th

RESULTS AND DISCUSSION 

 Institutional 
Animal Ethics Committee meeting at an Institute of Pharmacy, Nirma 
University (Gujarat, India). Two white rabbits (newzeland) having 
weight between 2.0 to 2.5 kg were housed for 15 days with free 
access to water and food to get them stabilized. ILO was suspended 
in water for injection (WFI) and administered in mussels with a dose 
of 6.24 mg/kg weight of rabbit which is equivalent to 5 days dose of 
ILO in human. Blood form marginal ear vain was collected before 
treatment and after interval of 0.5, 2, 4, 8, 12, 24, 48, 72, 96, 144, 
192, 264 and 336 h. At every collection time point, 0.5 ml of blood 
was collected and transferred into eppendr of having 10 µl of 
heparin sodium. Collected samples were centrifuged at 4000 RPM 
for 12 min at 4 °C. Plasma was separated due to centrifugal force and 
remains as a supernatant. From this 0.2 ml was separated in 
eppendr of and stored at-80 °C till the last point of the blood 
collection. All the samples were thawed to room temperature at the 

time of analysis and 10 µl OLA working stock solution was spiked 
followed by extraction and chromatographic analysis with the 
developed method.  

Optimization of sample preparation  

Due to the complex nature of plasma, sample pre-treatment is often 
needed to remove proteins and other potential interferences prior to 
analysis. For this, protein precipitation (PPT), SPE and liquid-liquid 
extraction (LLE) methodologies are widely used [11]. Preliminary 
trials were carried out by the easiest way of extraction that is 
protein precipitation using acetonitrile. In the initial trial, 1500 µl 
acetonitrile was added to 500 µl rabbit plasma, vortexed for 2 min 
and centrifuged at 10000 RPM at a-10 °C for 10 min. Supernatant 
was collected and injected into LC system. The consistency and 
recovery of the method were not appropriate, so PPT method was not 
used further. Secondary trials were carried out using SPE process. As 
mentioned in sample preparation, different type of SPE cartridges like 
celerity deluxe DVB-LP, sagacity DVB HL, strata–X-A 33µ polymeric 
strong anion and strata-X were used for extraction of analytes. But 
maximum extraction with better reproducibility was achieved using 
celerity deluxe DVB-LP cartridge which was further used in the study 
for sample preparation of ILO and OLA from rabbit plasma. 

Method development and optimization 

The primary goal of any quantitative analysis is good resolution of 
all sample components with accurate measurement of lowest 
concentration with faster analysis. HPLC method development for 
most of the pharmaceutical samples is carried out with reverse 
phase mode. Octylsilane and octadecylsilane columns are most 
widely used. Octylsilane columns have less retention for non polar 
substances than octadecylsilane and sometimes non polar analyte 
might be eluted in void volumes [12]. So for, faster elution with 
appropriate retention time Kromasil C18

Validation of the method 

 (octadecylsilane) column 
was used in the study. As the method is going to developed on LC-
MS/MS, volatile buffers such as ammonium formate and ammonium 
acetate were tried in mobile phase. The sensitivity for ILO was 
hampered while using acetate buffer and much better while using 
ammonium formate, this might be due to ionization of drug in the 
MS/MS system. The composition of the mobile phase was optimized 
on the basis of retention time of an analyst. Different ratios of 
ammonium format buffer and acetonitrile were used running from 
95:5 to 80:20, out of which the composition 90:10 was found 
optimum because as decreasing buffer concentration in mobile 
phase, retention time reduces due to non polar nature of ILO and 
OLA. Finally, to achieve better sensitivity, shorter chromatographic 
analysis time and symmetrical peak shapes, mobile phase composed 
of acetonitrile: ammonium format buffer (pH 5.5) having a ration of 
90:10 was optimized and peak of ILO and OLA were obtained at 
retention time of 2.5 and 3.2 min respectively as shown in fig. (2). 

The developed method was validated under lighting of bioanalytical 
validation guidelines for parameters such as specificity, linearity, 
lower limit of quantification (LLOQ), accuracy, and precision 
studies. Representative chromatograms of blank rabbit plasma, 
blank plasma spiked with OLA and blank plasma spiked with ILO are 
shown in fig. (2). As per the LC-MS/MS chromatograms, there is no 
endogenous peak at retention time of ILO and OLA which indicates 
the method is specific for ILO and OLA. The linearity of the method is 
its ability to extract test results that are straight or by well defined 
mathematical conversion, compared to the application of analyte in a 
working range [13]. For this method, linearity was covered from 0.5 to 
100 ng/ml. As per bioanalytical guideline if S/N ratio is more than 10 
then the represented concentration can considered as LLOQ level. 
With this consideration linearity lowest level 0.5 ng/ml having S/N 
ratio more than 10 so it is consider as LLOQ for the method. The peak 
area ratio of ILO/OLA compared to the concentration of ILO was 
plotted and least square linear regression method (1/(x ∗ x) 
weighting) supplied to generate a calibration curve. The curve showed 
excellent linearity and good results of back calculated concentration 
over the selected range of 0.5-100 ng/ml and reported in table 1. A 
typical regression equation (y =  0.285x + 0.122) was founded with a 
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correlation coefficient (r) of 0.9996 as shown in fig. (3). The precision 
and accuracy of the method was calculated using linear regression 
equation and it should be less than 15% CV as per guideline (found 
less than 3% CV) for precision and accuracy was between 95.5 to 

102%. These indicates the method is precised and accurate. Ones 
the method check specificity, accuracy, precise and linear over a 
range of 0.5-100 ng/ml then it was 

 

used for calculating unknown 
samples. 

 

Fig. 2: Representative LC-MS/MS chromatograms of ILO and OLA in rabbit plasma (1) blank plasma at 427.0/190.1 (2) blank plasma at 
313.1/256.2 (3) Standard spiking of ILO in plasma (4) Standard spiking of OLA in plasma. The retention times for ILO and OLA (IS) are 

approximately 2.5 and 3.2 min respectively 
 

 

Fig. 3: Linearity of standard preparation range from 0.5 to 100 ng/ml and least square regression equation 
 

Table 1: Validation parameters results of ILO by proposed LC-
MS/MS method 

Parameters Value 
MRM mode 427.0/190.1 (ILO) 

313.1/256.2 (OLA) 
Lineairy range (ng/ml) 0.5-100 
Coefficient of determination (r2 0.9993 ) 
Correlation coefficient (r) 0.9996 
Regression equation y =  0.285x + 0.122 
Limit of Detection LOD (ng/ml) 0.15 
Limit of quantitation LOQ (ng/ml) 0.5 
Accuracy 95.5-102% 
Percision (% CV) >3 

Method application 

The developed method was applied to study pharmacokinetic of ILO 
in rabbit after an intramuscular administration of ILO suspension. 
The plasma concentration (ng/ml) of ILO was calculated from the 
linearity regression equation and graph of concentration versus time 
(h) is shown in fig. (4). The pharmacokinetics parameters derived 
from plasma concentration profile are reported in table 2. The linear 
trapezoidal rule was applied for calculation of total area under the 
observed plasma concentration-time curve (AUC). The elimination 
rate constant (kel) calculated by the terminal log-linear decaying 
phase and it was found about 0.007 h-1. Lower value of kel  indicates 
very high mean half life (T1/2)  of drug (96 h). From the drug release 
profile it is observed that, there is increased plasma concentration of 
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ILO which is due to initial burst release and the Cmax of ILO was 
found to be 55.4 ng/ml achieved within 1.25 h (Tmax

 

) from the time 
of administration of intramuscular injection. Further, it was 
observed that, between 24 h to 96 h of administration of injection, 
ILO release is affected by sudden bust release, which leads to high 

fluctuations in plasma concentration. In the later stage, of study drug 
elimination was observed starting from 192 h to last point (336 h) of 
blood collection. The reason behind this fluctuation is 
administration of simple suspension of ILO without any excipients 
hence it can be considered as non-formulated ILO preparation. 

 

Fig. 4: Representatives mean plasma concentration versus time profile following an intramuscular administration of ILO to two rabbits 

 

Table 2: Pharmacokinetic parameter of ILO, after the 
administration of intramuscular dose of 6.24 mg/kg in rabbit (n=2) 

Parameters Value  
(mean±SD) 

Time required for maximum plasma concentration, 
Tmax 

1.25±1.06 
(h) 

Maximum plasmas concentration, Cmax 55.4±12.8 (ng/ml) 
Area under the curve at 14 day, AUC(0-T) 5915±1434  (ng h/ml) 
Area uder the curve at infinite time, AUC(0-∞) 6165±1687 (ng 
h/ml) 
Elimination rate constant, kel(h-1 0.007±0.0 ) 
Plasma half life, T½ 96.5±1.4 (h) 
 

CONCLUSION 

In the present work rapid, sensitive and fast LC-MS/MS method has 
been developed and optimized. Very high extraction efficiency (more 
than 95%) with lowest detection limit (0.5 ng/ml) and simple 
chromatographic conditions make it applicable to study 
pharmacokinetic parameters of ILO in rabbit. Animal study shows that 
remarkable release of ILO after an intramuscular injection to rabbit. 
Release of ILO was observed up to 14 days, and in future if the issue of 
initial bust release is controlled using formulation techniques then the 
developed formulation can be used as long acting formulation. Thus, in 
vivo study result provides a very informative platform for the 
development of long acting dosage forms. 
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