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1.0 Introduction: 

Chemotherapy induced nausea and vomiting (CINV) is one of the main side effects of cancer 

therapy [1]. CINV result in serious metabolic disturbances, nutritional depletion and anorexia, 

deterioration of the patient’s physical and mental status, esophageal damage and ultimately 

patient withdrawal from therapy [2]. Almost all patients receiving chemotherapy experience 

CINV even after optimization of antiemetic treatments. Functional Living Index-Emesis 

(FLIE) is a matrix which assesses quality of life of cancer patients, suggest that CINV has 

intense negative effects on quality of life of patients [3]. There is also a substantial financial 

burden associated with CINV due to the ever-increasing costs of antiemetic medications. Some 

of the examples include, intravenous palonosetron and Fosaprepitant costing $188.70 and 

$262.65 per dose respectively [4]. One retrospective cohort study carried out in 19,139 patients 

calculated the mean costs of CINV visits, including inpatient, outpatient, and emergency room 

visits to be $5299 for the first chemotherapy cycle (a period up to 30 days) and mean per-

patient CINV-associated costs to be $731 [5]. For some patients, the cost of managing CINV 

is greater than the cost of chemotherapy [6].  

CINV occurs in two phases; acute phase and delayed phase. Acute CINV occurs within 1–2 h 

of chemotherapy administration and can last for up to 24 h while delayed CINV occurs more 

than 24 h after chemotherapy administration [7]. The CINV process involves a complex 

interplay between neurotransmitters and receptors at various anatomical regions [8]. The three 

main neuro transmitters and receptors involved in the regulation of nausea and vomiting are 

serotonin (5-HT) associated with 5-hydroxytryptamine (5-HT3) receptor, substance P (SP) 

associated with neurokinin-1 (NK-1) receptor, and dopamine associated with dopamine (D2) 

receptor [9]. Because the onset of acute and delayed CINV often overlap after the initial day 

of chemotherapy, it remains a challenge to determine an appropriate antiemetic regimen, as 

patients may require alternate treatment regimens. The MASCC and ASCO guidelines 

recommend a 5-HT3 receptor antagonist plus dexamethasone for acute CINV and 

dexamethasone for delayed CINV among patients receiving multiple-day cisplatin. However, 

this regimen is marginally effective in controlling acute CINV and is less successful in 

controlling delayed CINV [10].  

Two drugs Amisulpride (acting on dopamine D2 receptor) and Granisetron (acting on 5-

hydroxytryptamine 5-HT3 receptor) were chosen with objective that by acting on different 
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receptors they can increase the efficacy against emetic episodes and prevent development of 

treatment tolerance. 

Amisulpride: 

Amisulpride is a benzamide class atypical antipsychotic drug and a potent, selective dopamine 

D2 and D3 receptor antagonist and is approved from 1980s for psychosis treatment [11]. It has 

a wide safety profile at doses of 400– 800 mg/day [11]. Amisulpride is also approved for 

prevention of PONV [12]. In a pilot investigational study, ondansetron and intravenous dose 

of amisulpride administered in combination resulted in preventing emesis in 83% of patients 

[13]. In a clinical trial, oral amisulpride at a dose of 10 mg daily was found to be safe and 

superior to placebo [14]. The complete response (CR) rate in the delayed phase was 46% with 

10 mg amisulpride, compared to 20% with placebo [14]. United States Food and drug 

administration (USFDA) has approved Amisulpride intravenous injection (5mg/10mg) for 

treatment of post-operative nausea and vomiting in Feb 2020 [15]. However, there is no long-

acting formulation available for Amisulpride. 

Granisetron: 

Granisetron hydrochloride is an indazole class antiemetic drug and 5- HT3 receptor antagonist 

[16]. Clinical trials conducted on granisetron suggest the superiority of granisetron over other 

drugs from similar class in preventing delayed phase of emesis that appear after 24 h [17]. The 

effect is due to its ability to supress the activity of the vagus nerve connecting the vomiting 

centre in the medulla oblongata [1]. 

 

2.0 Hypothesis and research statement: 

The treatment options which address both acute and delayed phases of emesis occurring during 

chemotherapy are very limited and less effective. The marketed formulations available are 

SUSTOL (Granisetron SC Injection) and SACUSO (Granisetron transdermal patch) for once a 

weekly treatment [18,19]. Currently no generic is available for both the drugs due to patent 

protection and proprietary polymer technology. However, these individual formulations still 

require combination with other antiemetics for effective treatment [19]. Thus, additional 

research is necessary to optimize management strategies for multiple-day chemotherapy.  

The available anti-emetic dosage regimen recommends combination of two or three antiemetic 

agents to control the delayed emesis in moderate and high emetogenic chemotherapy treatment 

[20]. There is need of formulations which provide effective treatment and patient compliance. 

This can be achieved by designing long-acting dosage forms with combination of two drugs, 
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which provide sustained drug release up to one week. Comparative in-vivo studies in human 

are required for approval of generic or branded product which are costly and time consuming. 

Prediction of pharmacokinetics in human from in-vitro and in-silico studies is facilitated by 

regulatory agencies through modelling and simulation approach to reduce cost and create 

platform for future research. Currently there is a need of in-silico pharmacokinetic models 

which can mechanistically link in-vitro and pharmacokinetic properties to predict in-vivo 

performance of antiemetic drugs.  

Polypharmacology is “the design or use of pharmaceutical agents that act on multiple targets 

or disease pathways” as defined by the American National Library of Medicine (NLM) [21]. It 

is emerging science where treatment of complex and incurable diseases can be sought with use 

of multiple drug therapies [21,22].  It combines basic concepts from systems biology to 

understand the reasons for disease emergence and finding the effective treatment options. In 

general, polypharmacology address both drug combinations and drugs acting on multiple 

targets at the same time [23]. The problem of combining multiple drugs is that one needs to 

take care of their pharmacokinetic and pharmacodynamic properties while designing suitable 

dosage forms [24]. One of the strategies is to load two or more drugs acting on different 

receptors onto a single drug-delivery system to deliver drugs at the site of action. 

Simultaneous drug delivery through multiple drug loading based on polymeric depot systems 

can be good strategy to achieve enhanced efficacy [25]. Using advanced drug delivery systems 

and use of physical pharmacy principles, dual-drug delivery form complex nano or 

microsystems is achievable [25]. To achieve maximum drug effect, drugs with different 

properties and mechanism of action should be used at their suitable dose and regimens in the 

treatment [26]. 

In-silico methods such as Allometry and Wajima predicts human pharmacokinetics from 

preclinical species data and help in selection of first-in-human doses. Allometric scaling uses 

sameness in anatomy, physiology, and physiological parameters and is the most predominantly 

used method to calculate the plasma profile in human from animal data [27]. Wajima et al. 

method also known as superimposition method (named the Css-MRT approach), adopts 

normalizing the time with MRT and the plasma concentration with Css [28].  

In-silico models which can integrate the formulation and process attributes with physiological 

parameters to establish link between in-vitro drug release and in-vivo drug release using 

mechanistic understanding are essential to optimize the formulation and reduce the commercial 

problems that usually arise in complex products [29, 30]. In-silico biopharmaceutics models 
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consider factors that can critically impact the product performance. They incorporate 

mechanistic elements such as particle size and/or drug release and establish their impact on 

ADME of drug and formulation [30]. After fixing these elements, PBBM modelling can be 

used to study the impact on critical material attributes (CMAs) and critical process parameters 

(CPPs) to establish a safe space via either In-vitro in -vivo correlation (IVIVC) or relationship 

(IVIVR) along with virtual Bioequivalence (VBE) simulations. This approach will facilitate the 

establishment of biorelevant tests from starting phase of development to product management 

and removing the costly in-vivo BE studies, leading to overall cost reduction [30]. 

3.0 Aim and Objectives: 

The aim of this research was to design and develop once-weekly long-acting formulations and 

pharmacokinetic models using in-vitro in-silico tools. 

The objectives of present work were: 

 To develop in-silico pharmacokinetic model which will guide in the design and 

development of sustained release formulations and predict in-vivo performance. 

 Development of formulations which will provide sustained drug release over a period 

of one week. 

 To predict the in-vivo pharmacokinetics in humans using in-vitro data and the 

developed in-silico model. 

4.0 Research methodology: 

4.1 In-silico Model development: 

The in-silico modelling was performed to develop model for prediction of in-vivo 

pharmacokinetics in humans from animal species. The allometric scaling predicted volume of 

distribution and clearance values for human from preclinical species. The predicted values were 

within 2-fold error from the observed data for finalized model. In-vivo pharmacokinetic profiles 

for human were predicted using Wajima and Dedrick approach. Out of the two approaches, 

Wajima approach was more suitable in predicting the human PK data from preclinical species.  

The PBPK model was developed for Amisulpride and Granisetron using GastroplusTM version 

9.8.2 from simulations plus. The developed model was validated using intravenous and 

extravascular data. The developed model was used further to predict in-vivo pharmacokinetics 

of optimized formulation after intramuscular/subcutaneous administrations. The model was 

tested for parameter sensitivity analysis which showed the impact of physiological parameters 
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such as lipophilicity, fraction bound to plasma proteins and drug release models, which helped 

to validate the model further.  

Parameter sensitivity analysis for amisulpride showed that fraction unbound and blood to 

plasma ratio inversely impacted both Cmax and AUC. However, log D value did not show any 

impact on both Cmax and AUC value. Drug release modelling parameters such as weibull 

shape and weibull maximum release have direct relationship with both Cmax and AUC, while 

Weibull scale showed inverse relationship for both Cmax and AUC. 

Parameter sensitivity analysis for granisetron showed that fraction unbound and blood to 

plasma ratio inversely impacted both Cmax and AUC. Log D value showed inverse impact on 

Cmax and positive impact on AUC value after around 40% of fraction unbound. No effect of 

permeability was seen on both parameters.  Drug release modelling parameters such as Weibull 

shape 1 and 2 and Weibull maximum release have direct relationship with Cmax, while Weibull 

scale showed inverse relationship for Cmax. Fraction dissolved in Weibull 1 showed inverse 

relationship with Cmax, while it showed direct relationship with AUC after 70% release. 

Weibull maximum release have direct relationship with AUC, while all other parameters 

showed no significant impact on both parameters.  

This exercise helped to optimize the parameters to achieve desired sustained release profile for 

both Amisulpride and Granisetron. 

The accuracy of PBPK model were validated by the fold error of each time point (FEi), average 

fold error (AFE) and absolute average fold error (AAFE) for each time point of the plasma 

concentration profile. The FEi values for all the time points were well within the limit of 0.3 to 

3-fold error.  The AFE and AAFE values were also found within the limit of 0.5 to 2-fold error. 

The target steady state levels were calculated from in-silico model built using Gastroplus after 

multiple dose simulation of individual drugs. For Amisulpride, the Cminss and Cmaxss levels 

are 0.47 ng/ml and 5.79 ng/ml after 5 mg (once a day) multiple dosing. The Cminss and Cmaxss 

levels are 0.941 ng/ml and 11.591 ng/ml after 10 mg (once a day) multiple dosing. In the 

reported clinical trial [31], 10 mg dose is selected, hence we have finalized 1ng/ml as target 

Cminss level and 11 ng/ml as target Cmaxss level for development of sustained release 

formulations of amisulpride.  

For Granisetron, the Cminss and Cmaxss levels are 0.655 ng/ml and 5.378 ng/ml after 1 mg 

(twice a day) multiple dosing. The Cminss and Cmaxss levels are 1.054 ng/ml and 6.636 ng/ml 

after 2 mg (once a day) multiple dosing. In the package insert data of Granisetron patch 

(Sancuso 52 cm2), Cavass level of 2.2 ng/mL over six days is reported [32]. Considering all 
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the data, we have finalized 1ng/ml as target Cminss level and 6.5 ng/ml as target Cmaxss level 

for development of sustained release formulations of Granisetron. 

After considering the reported literature, pharmacokinetic parameters and calculated steady 

state plasma concentration levels, the desired dose for Amisulpride was found to be 30 mg and 

for granisetron it was found to be 10 mg. For combination product, the granisetron dose to be 

kept 10 mg and amisulpride dose can be varied from 10-30 mg based on the clinical response.  

The dissolution models were used to predict the target drug release profile based on first order 

kinetics and using complex microsphere model in the DDDplus platform. The calculated 

theoretical release profiles helped in model building and providing the target drug release 

profile which the optimized formulations should achieve. 

 

4.2 Pre-formulation studies: 

Preformulation studies were performed to confirm the identity of drug and excipients using 

melting point analysis, Fourier transformed infrared spectroscopy analysis and thermal analysis 

using differential scanning colorimetry.   

Amisulpride showed melting point of 128°C and that of Granisetron showed melting point of 

301°C, which were in-line with the reported values. Amisulpride showed λmax at 226.5 nm 

and Granisetron showed λmax at 302 nm which was in-line with the reported values [33,34].  

Amisulpride showed characteristic peaks at 3312, 3215, 1649 and 1056 cm-1, Granisetron 

showed characteristic peaks at 3231, 1646 and 1549 cm-1. PLGA showed characteristic peaks 

at 1749, 1452, 1180 and 1088 cm-1, PCL showed characteristic peaks at 1723, 1364, 1293 and 

1239 cm-1 while PVA showed characteristic peaks at 3280, 1716, 1432, 1324 and 1093 cm-1.  

All the observed spectra matched with the reported spectra and peak values [35-39].  

Amisulpride shows sharp endothermic peak at 128.8 °C and Granisetron shows endothermic 

peak at 301.36°C which confirms the identification of both the APIs [40,41]. PLGA being 

100% amorphous polymer shows glass transition temperature (Tg) at 46.07°C [42]. PCL is a 

semi crystalline polymer, so its thermogram presents an endothermic peak at 61.87°C [43]. 
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4.3 Analytical methods: 

Analytical methods using UV-visible spectrophotometer and High-performance liquid 

chromatography were developed for charactering drug loading and entrapment efficacy and in-

vitro drug release form the formulations. These methods were validated for linearity, 

robustness, sensitivity, precision, accuracy and specificity.  

UV spectrophotometric method in 0.1N HCl was adopted for estimation of Amisulpride and 

granisetron in formulations [44,45]. 1 to 5 µg/mL concentrations of amisulpride solution were 

prepared from amisulpride stock solution (100 µg/mL) by transferring 0.1 ml to 0.5 ml to 10 

ml of volumetric flasks and volume was made up to 10 ml using 0.1N HCl. 2 to 10 µg/mL 

concentrations of granisetron solutions were prepared from granisetron stock solution (100 

µg/mL) by transferring 0.2 ml to 1 ml to 10 ml of volumetric flasks and volume was made up 

to 10 ml using 0.1N HCl.  

Simultaneous estimation method was developed for both the drugs in pure and microsphere 

dosage form in by UV Visible spectrophotometer using simultaneous equation method [46]. 

High-Performance Liquid Chromatograph (HPLC) method was developed for simultaneous 

estimation of Amisulpride and Granisetron in gradient mode. Symmetry Shield RP-18 (150 X 

4.6, 3.5 micron) column was used with flow rate of 1.0 mL/min. Injection volume of 20 µl was 

sued. Amisulpride showed retention time of 10-12 min, while granisetron showed retention 

time of 14-16 min. HPLC system from waters was used. 

The LOD and LOQ values suggest the sensitivity of method, as the values were below the 

concentration range selected for calibration at initial as well as after 24 hours. The precision 

results were within the acceptable range (< 2%) and thus suggest that the developed method is 

precise over the selected time interval [47]. The mean % recovery values near to 100% with % 

RSD ≤ 1% suggested high accuracy of the developed methods [47]. There were no overlapping 

or extra peaks observed in excipient mixtures at selected analytical wavelengths which 

confirmed the specificity of the methods [47]. The developed methods were found to be 

suitable for analysing the formulations. 
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4.4 Formulation development: 

A novel dual-drug loaded microspheres (also coined as Janus microspheres) of Amisulpride 

and Granisetron were prepared using double emulsion-solvent evaporation technique which 

release the drug over a period of once week and provide effective treatment for both acute and 

delayed emesis. Granisetron being water soluble drug was incorporated in the inner phase and 

amisulpride being water insoluble drug was incorporated along with oil/polymer-solvent phase. 

Most commonly used and efficient polymers such as Polylactic-co-glycolic acid (PLGA 50:50) 

and Polycaprolactone (PCL) were used for developing dual-drug loaded microspheres. 

Quality by design approach was chosen to develop and optimize the formulations. Quality 

target product profile (QTPP) and critical quality attributes (CQAs) were identified and risk 

assessment was performed.   

Initial risk for API was kept low as only one source API was used. Risks for PLGA and PCL 

levels for Particle size were kept medium, while for PVA level risk was kept high. Risks for 

PLGA and PCL levels for % drug loading, % entrapment efficiency and % Drug release were 

kept high, while for PVA level risk was kept medium for % drug loading, % entrapment 

efficiency and low for % Drug release. Risks for stirring speed and time of W/O emulsion were 

kept low, based on initial feasibility trials and domain knowledge. The stirring speed and time 

(W/O) in the initial feasibility trials was not found to be affecting drug loading and entrapment 

efficiency, hence it was decided not to evaluate this parameter further. Stirring speed and time 

of W/O/W emulsion for Particle size was kept high, medium for % drug loading and % 

entrapment efficiency and low for % Drug release. The impact of stirring time on drug release 

is not directly linked but rather it is governed through particle size and drug loading/entrapment 

efficiency. Hence the risk is considered low. 

A definitive screening design was used to identify the most critical parameters affecting the 

formulation and process followed by response surface design which provided the best 

combination of parameters to achieve the desired QTPP. 

From screening design, it was found that stirring speed was the most impacting parameter for 

particles size (D90 in microns). % Drug loading and % Entrapment efficiency of amisulpride 

and granisetron was significantly affected by PCL and PLGA levels respectively. Stirring time 

and PVA concentrations did not significantly impacted any of the selected responses. Based on 

the screening design outcome, the stirring speed of 800 rpm, stirring time of 8 hours, PLGA 

and PCL concentration of 250 mg and PVA concentration of 0.5% was finalized.  
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Further, the ratio of drug: polymer and polymer: polymer (PLGA: PCL) was selected in the 

optimization of formulation using response surface design. It was observed that, drug: polymer 

ratio was impacting particle size and polymer: polymer ratio was impacting drug loading, 

entrapment efficiency and drug release from the formulations. 

Prediction intervals for optimized formulation parameters were calculated for particle size D90 

(84–100 micron), % drug loading (Amisulpride: 13-16% & Granisetron: 5.2-6.4 %), % 

entrapment efficiency (Amisulpride & Granisetron: 53-62 %) and % in-vitro drug release 

profile (Amisulpride: 40-50% and Granisetron: 30-40% at 4 hours in ACC method). 

The selected PLGA, PCL and PVA levels were able to provide desired CQAs within the 

proposed ranges. The selected process parameters like stirring speed and stirring time were 

optimized and fixed to ensure consistent results throughout the development cycle. The risks 

for formulation variables and process parameters were updated as low based on the above 

development. 

Design space was generated which showed that with Polymer to polymer ratio  from 0.3 to 1.4 

and Drug to polymer ratio from 0.15 to 0.4, the desired CQAs can be achieved.  

4.5 Formulation evaluation: 

The optimized microspheres were characterized in terms of  % yield, FTIR analysis, thermal 

analysis, particle size, morphology, % drug loading, % encapsulation efficiency and in-vitro 

drug release testing.  

Percentage yield was found to be 80 ± 10 % for the optimized formulations. Formulation 

spectra showed the presence of only polymer (PLGA and PCL) peaks 

1749,1455,1382,1270,1179,1129,1088, 866 and 750 cm-1 [48,49] suggesting complete 

encapsulation of drugs within the polymers at molecular level. The absence of drug peaks 

(Amisulpride at 128.8°C and Granisetron at 301.36°C) [50,51] and presence of only polymer 

(PLGA and PCL) peaks [52,53] confirms the complete encapsulation within the polymer. The 

formulation thermogram showed the fusion peak of the PCL and PLGA at 61.16°C [53]. The 

small shoulder peak corresponds to the PLGA glass transition temperature. The same 

phenomenon is also observed in placebo where the fusion peak and shoulder peak appeared at 

65.45°C.  

The particle size analysis was performed using Malvern 3000 (Malvern Instrument, 

Worcestershire, United Kingdom). Optimized formulation showed particle size of around 100 

± 20 microns which are suitable for intramuscular/subcutaneous injection. The particle size and 

morphology were studied using optical microscopy and scanning electron microscopy. It was 
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observed that, during preparation, dual drug loaded Janus microspheres have typical handbag 

like structure [54]. When the W/O emulsion was added to external water phase containing 0.5% 

PVA, the formation of handbag like structure started appearing (Nascent stage). After drying, 

the particles appeared in more spherical shape. SEM images showed the formation of Janus 

microspheres with uniform particle size and morphology. The unique shape can be clearly 

visible in isolated microsphere, where two compartments can be visibly observed. 

The % drug loading and % entrapment efficiency for Amisulpride was found to be 14.08% and 

65.69 % respectively and for Granisetron was found to be 4.76% and 66.67% respectively in 

the optimized formulation. Hausner’s ratio for optimized formulation was found to be 1.03 ± 

0.2, which indicates excellent flow properties [55]. 

Three types of in-vitro drug release methods were developed in phosphate buffer pH 7.4 to 

gain understanding of mechanism of drug release under different conditions. The Accelerated 

method (at temp of 50°C), the real time method (at temperature of 37°C) and gel diffusion 

method which mimic the bio relevancy [56-60].  

The drug release using ACC method showed that, around 40-50% drug was released at 4-hour 

and almost complete release was observed at 24-hour. The drug release using RT method 

showed that, around 40-50% drug was released at 24-hour and almost complete release was 

observed at 168-hour. This showed that, the drug release at 4 hour and 24 hours in ACC method 

is correlating with drug release at 24 hour and 168 hours in real time method.  

The accelerated method helped to understand drug release behaviour in short period of time 

and avoided waiting for results till real time analysis. Drug release in the gel diffusion method 

was slow compared to ACC and real time method due to the presence of gel mimicking muscle 

or subcutaneous tissues. 

Data of drug release were fitted in zero order, first order, higuchi, Korsmeyer–Peppas, Hixon-

Crowell and Weibull models to determine release kinetic pattern from Janus microspheres. The 

drug release of Amisulpride was best fitted with Korsmeyer-Peppas equation with R2 close to 

0.9. The release of Granisetron was best fitted to first order with R2 close to 0.9. Weibull model 

fitting was performed for optimized formulations for in-vivo simulations.  

The optimized formulations were tested for physico-chemical stability at storage conditions of 

2-8°C for 6 months and 25°C/60% RH for 3 months in stoppered and sealed 10 ml clear 

colourless tubular USP-type I glass vials. The stability study was performed to evaluate the 

impact of storage conditions on assay and particle size of formulations. The results indicate 
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that formulations were stable up to 6 months at 2-8°C and 3 months at 25°C/60% RH. No 

significant changes were observed for the tested parameters.  

Hemolysis potential of developed formulations was evaluated. The % haemolysis for optimized 

formulation was found to be 1.3 % ± 0.05 %. The results demonstrated no significant 

haemolysis potential of optimized formulation as the % haemolysis was found to be less than 

2 [61]. 

Developed PBPK model using intravenous data and verified with single and multiple dose oral 

formulations data was used to predict the in-vivo performance of sustained release once weekly 

formulations. 

Initially, the drug release data from calculated dissolution models was used to build preliminary 

PBPK model for sustained release formulations after intramuscular administrations. This was 

required to set physiological parameters which account for behaviour of drug after 

intramuscular administration. After initial model refinement, actual drug release data was used 

to predict the in-vivo pharmacokinetics of sustained release formulations. The optimized once 

a weekly formulation showed comparable in-vivo profile to that of multiple dose (MDD) 

profile. Virtual bioequivalence (VBE) studies were conducted in healthy subjects between 

optimized test formulation and reference multiple dose formulation to assess the in-vivo 

pharmacokinetic bioequivalence. The VBE results confirmed that the developed once a weekly 

formulation achieved similar rate (Cmax) and extent (AUC) as that of immediate release 

multiple dose formulations and both developed SR formulation and multiple dose IR 

formulations are bioequivalent to each other. Thus, the same efficacy was achieved by the 

developed sustained release formulation as that of multiple dose immediate release formulation 

by reducing frequent fluctuations that arise due to repeated dosing. This formulation also 

provided patient compliance due to once weekly administration. 

In-vitro in-vivo correlation was developed for slow, medium and fast release formulations. 

Formulations with different drug: polymer ratio resulted in different release rates, which were 

used in developing the IVIVC. Advanced compartmental and transit (ACAT) model was used 

to mechanistically predict the in-vivo drug release profiles of three different release rate 

formulations. The interpolation function was used to build the correlation. Power correlation 

function was found best suitable with highest R2 value. The convolution results of all three 

formulations showed, both individual and mean Absolute Percent Prediction Errors well within 

the limits of NMT 15% and 10% respectively.   
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5.0 Key findings: 

Dual-drug loaded polymeric Janus microsphere formulations were successfully developed 

using double emulsion solvent evaporation method. Use of PLGA and PCL polymers ensured 

the maximum % drug loading and % entrapment efficiency and particle size suitable for 

intramuscular/subcutaneous administration. Preformulation studies confirmed the identity of 

drug and excipients. Analytical methods using UV-visible spectrophotometer and High-

performance liquid chromatography were developed and validated for linearity, robustness, 

sensitivity, precision, accuracy and specificity. The developed methods were found suitable for 

analysing the formulations. The optimized microspheres data was satisfactory from CMC 

perspective and were stable up to 6 months at 2-8°C and 3 months at 25°C/60% RH. The IVRT 

data was further used in the in-silico PBPK model to predict the in-vivo pharmacokinetics of 

developed formulations. The in-silico predictions showed that, developed once a weekly 

formulation is able to provide sustained release profile up-to 5-6 days. This was further proved 

by running virtual bioequivalence studies between multiple dose formulation and optimized 

sustained release formulation. The virtual BE Study showed that Cmax and AUC levels were 

within 80-125% limits and proved the equivalency.  Developed IVIVC was successful in 

establishing safe space for bioequivalent formulations.  

6.0 Conclusions: 

Novel drug delivery system in the form of dual-drug loaded polymeric Janus microspheres 

were successfully developed which can provide sustained drug release up to one week for 

effective treatment of both phases of chemotherapy induced nausea and vomiting. The 

combination of both drugs acting on different receptors enhanced the efficacy of the treatment 

and patient compliance by reducing frequency of dosage administration. Combined use of in-

vitro and in-silico tools for design and development of formulations was utilized successfully. 

In conclusion, the present work meets the set objectives and  

7.0 Future Recommendations: 

The present investigation demonstrated design and development of novel drug delivery 

systems for the treatment of chemotherapy induced nausea and vomiting using in-vitro and in-

silico tools. This idea and concept can further be extended to other products with minimal use 

of in-vivo studies. This approach is currently widely used by generic companies in 505(b)(2) 

NDA approach, where costly in-vivo studies can be waived using published data from existing 

marketed formulations. The 505(b)(2) pathway allows use of different salt/polymorph of API, 
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change in formulation, change in strength or use of combination of drugs where safety and 

efficacy of individual drugs has already been established.  

The use of in-silico modelling has been encouraged by regulatory agencies due to their 

capability in predicting different dosing scenarios in different group of populations, drug-drug 

interaction studies and developing long-acting dosage forms based on immediate release 

pharmacokinetics. Thus, the present research work can serve as benchmark strategy for other 

disease areas using combination of drugs with known safety and efficacy profiles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Executive Summary 

 

Amit Dabke, Faculty of Pharmacy, The MSU of Baroda                                         Page | 14                                            
 

8.0 References: 

1. Deeks ED. Granisetron extended-release injection: a review in chemotherapy-induced 

nausea and vomiting. Drugs. 2016 Dec; 76:1779-86.  

2. Grunberg SM, Warr D, Gralla RJ, Rapoport BL, Hesketh PJ, Jordan K, Espersen BT. 

Evaluation of new antiemetic agents and definition of antineoplastic agent emetogenicity—

state of the art. Supportive Care in Cancer. 2011 Mar; 19:43-7. 

3. Cohen L, De Moor CA, Eisenberg P, Ming EE, Hu H. Chemotherapy-induced nausea and 

vomiting—incidence and impact on patient quality of life at community oncology settings. 

Supportive care in cancer. 2007 May;15:497-503. 

4. Basch E, Prestrud AA, Hesketh PJ, Kris MG, Feyer PC, Somerfield MR, Chesney M, 

Clark-Snow RA, Flaherty AM, Freundlich B, Morrow G. Antiemetics: American Society 

of Clinical Oncology clinical practice guideline update. Journal of Clinical Oncology. 2011 

Nov 1;29(31):4189-98. 

5. Burke TA, Wisniewski T, Ernst FR. Resource utilization and costs associated with 

chemotherapy-induced nausea and vomiting (CINV) following highly or moderately 

emetogenic chemotherapy administered in the US outpatient hospital setting. Supportive 

Care in Cancer. 2011 Jan;19:131-40. 

6. Gyawali B, Poudyal BS, Iddawela M. Cheaper options in the prevention of chemotherapy-

induced nausea and vomiting. Journal of Global Oncology. 2016 Jun;2(3):145-53. 

7. Rapoport BL. Delayed chemotherapy-induced nausea and vomiting: pathogenesis, 

incidence, and current management. Frontiers in pharmacology. 2017 Jan 30;8:19. 

8. Darmani NA, Ray AP. Evidence for a re-evaluation of the neurochemical and anatomical 

bases of chemotherapy-induced vomiting. Chemical Reviews. 2009 Jul 8;109(7):3158-99. 

9. Hesketh PJ. Chemotherapy-induced nausea and vomiting. New England Journal of 

Medicine. 2008 Jun 5;358(23):2482-94. 

10. Navari RM. Prevention of emesis from multiple-day and high-dose chemotherapy 

regimens. Journal of the National Comprehensive Cancer Network. 2007 Jan 1;5(1):51 

11. Coulouvrat C, Dondey-Nouvel L. Safety of amisulpride (Solian®): a review of 11 clinical 

studies. International clinical psychopharmacology. 1999 Jul 1;14(4):209-18 

12. Kranke P, Eberhart L, Motsch J, Chassard D, Wallenborn J, Diemunsch P, Liu N, Keh D, 

Bouaziz H, Bergis M, Fox G. IV APD421 (amisulpride) prevents postoperative nausea and 

vomiting: a randomized, double-blind, placebo-controlled, multicentre trial. British journal 

of anaesthesia. 2013 Dec 1;111(6):938-45. 



Executive Summary 

 

Amit Dabke, Faculty of Pharmacy, The MSU of Baroda                                         Page | 15                                            
 

13. Herrstedt J, Summers Y, Daugaard G, Christensen TB, Holmskov K, Taylor PD, Fox GM, 

Molassiotis A. Amisulpride in the prevention of nausea and vomiting induced by cisplatin-

based chemotherapy: a dose-escalation study. Supportive Care in Cancer. 2018 Jan;26:139-

45. 

14. Herrstedt J, Summers Y, Jordan K, Von Pawel J, Jakobsen AH, Ewertz M, Chan S, Naik 

JD, Karthaus M, Dubey S, Davis R. Amisulpride prevents nausea and vomiting associated 

with highly emetogenic chemotherapy: a randomised, double-blind, placebo-controlled, 

dose-ranging trial. Supportive Care in Cancer. 2019 Jul 1;27:2699-705. 

15. https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/209510s005lbl.pdf 

16. https://go.drugbank.com/drugs/DB00889 

17. https://www.medicines.org.uk/emc/product/3965/smpc#gref 

18. Ottoboni T, Gelder MS, O’Boyle E. Biochronomer™ technology and the development of 

APF530, a sustained release formulation of granisetron. Journal of experimental 

pharmacology. 2014 Dec 9:15-21. 

19. https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/22198Orig1s019lbl.pdf 

20. Gupta K, Walton R, Kataria SP. Chemotherapy-induced nausea and vomiting: 

pathogenesis, recommendations, and new trends. Cancer treatment and research 

communications. 2021 Jan 1; 26:100278. 

21. Bolognesi ML. Harnessing polypharmacology with medicinal chemistry. ACS medicinal 

chemistry letters. 2019 Feb 15;10(3):273-5. 

22. Barabási AL, Gulbahce N, Loscalzo J. Network medicine: a network-based approach to 

human disease. Nature reviews genetics. 2011 Jan;12(1):56-68. 

23. Albertini C, Salerno A, de Sena Murteira Pinheiro P, Bolognesi ML. From combinations 

to multitarget‐directed ligands: A continuum in Alzheimer's disease polypharmacology. 

Medicinal Research Reviews. 2021 Sep;41(5):2606-33. 

24. Aryal S, Hu CM, Zhang L. Combinatorial drug conjugation enables nanoparticle dual‐

drug delivery. small. 2010 Jul 5;6(13):1442-8. 

25. Wei X, Song M, Li W, Huang J, Yang G, Wang Y. Multifunctional nanoplatforms co-

delivering combinatorial dual-drug for eliminating cancer multidrug resistance. 

Theranostics. 2021;11(13):6334. 

26. Tyson RJ, Park CC, Powell JR, Patterson JH, Weiner D, Watkins PB, Gonzalez D. 

Precision dosing priority criteria: drug, disease, and patient population variables. Frontiers 

in pharmacology. 2020 Apr 22;11:420. 



Executive Summary 

 

Amit Dabke, Faculty of Pharmacy, The MSU of Baroda                                         Page | 16                                            
 

27. Mordenti J. Man versus beast: pharmacokinetic scaling in mammals. J Pharm Sci. 1986 

Nov;75(11):1028-40. 

28. Wajima T, Yano Y, Fukumura K, Oguma T. Prediction of human pharmacokinetic profile 

in animal scale up based on normalizing time course profiles. Journal of pharmaceutical 

sciences. 2004 Jul 1;93(7):1890-900. 

29. McKeage K, Cheer S, Wagstaff AJ. Octreotide Long-Acting Release (LAR) a review of 

its use in the management of acromegaly. Drugs. 2003 Nov;63:2473-99. 

30. Bermejo M, Hens B, Dickens J, Mudie D, Paixão P, Tsume Y, Shedden K, Amidon GL. 

A mechanistic physiologically-based biopharmaceutics modeling (PBBM) approach to 

assess the in vivo performance of an orally administered drug product: from IVIVC to 

IVIVP. Pharmaceutics. 2020 Jan;12(1):74. 

31. Herrstedt J, Summers Y, Jordan K, Von Pawel J, Jakobsen AH, Ewertz M, Chan S, Naik 

JD, Karthaus M, Dubey S, Davis R. Amisulpride prevents nausea and vomiting associated 

with highly emetogenic chemotherapy: a randomised, double-blind, placebo-controlled, 

dose-ranging trial. Supportive Care in Cancer. 2019 Jul 1;27:2699-705. 

32. Mason JW, Moon TE. Use and cardiovascular safety of transdermal and other granisetron 

preparations in cancer management. Cancer Management and Research. 2013 Jul 29:179-

85. 

33. Humaira S, Dey AK, Raju SA, Sanaullah S. Development and validation of 

spectrophotometric method for determination of amisulpride in pharmaceutical dosage 

forms. Int. J. chem. sci. 2008;6(1):437-40. 

34. Mani, Aravinth. Spectrophotometric Quantification of granisetron in bulk drug and 

pharmaceutical formulations employing multivariate calibration technique. Journal of 

Medical pharmaceutical and allied sciences. 2021, 10. 3435-3439. 

35. Dubey B. Oral bioavailability enhancement of amisulpride: complexation and its 

pharmacokinetics and pharmacodynamics evaluations. Drug Metabolism Letters. 2019 Dec 

1;13(2):132-44. 

36. Sahoo CK, Sahoo NK, Sahu M, Sarangi DK. Formulation and Evaluation of Orodispersible 

Tablets of Granisetron Hydrochloride Using Agar as Natural Super disintegrants. 

Pharmaceutical Methods. 2016 Jan 1;7(1). 

37. Singh G, Kaur T, Kaur R, Kaur A. Recent biomedical applications and patents on 

biodegradable polymer-PLGA. Int. J. Pharmacol. Pharm. Sci. 2014;1(2):30-42. 



Executive Summary 

 

Amit Dabke, Faculty of Pharmacy, The MSU of Baroda                                         Page | 17                                            
 

38. Gokalp N, Ulker C, Guvenilir YA. Synthesis of polycaprolactone via ring opening 

polymerization catalyzed by Candida antarctica lipase B immobilized onto an amorphous 

silica support. J. Polym. Mater. 2016 Mar;33(1):87-100. 

39. Kharazmi A, Faraji N, Hussin RM, Saion E, Yunus WM, Behzad K. Structural, optical, 

opto-thermal and thermal properties of ZnS–PVA nanofluids synthesized through a 

radiolytic approach. Beilstein journal of nanotechnology. 2015 Feb 23;6(1):529-36. 

40. https://pubchem.ncbi.nlm.nih.gov/compound/Amisulpride 

41. Yapar EA, Baykara T. Thermal analysis on phase sensitive granisetron in situ forming 

implants. Journal of Applied Pharmaceutical Science. 2014 Jul 28;4(7):010-3. 

42. Kapoor DN, Bhatia A, Kaur R, Sharma R, Kaur G, Dhawan S. PLGA: a unique polymer 

for drug delivery. Therapeutic delivery. 2015 Jan 1;6(1):41-58. 

43. González-González AM, Cruz R, Rosales-Ibáñez R, Hernández-Sánchez F, Carrillo-

Escalante HJ, Rodríguez-Martínez JJ, Velasquillo C, Talamás-Lara D, Ludert JE. In vitro 

and in vivo evaluation of a polycaprolactone (PCL)/polylactic-Co-Glycolic acid 

(PLGA)(80: 20) scaffold for improved treatment of chondral (cartilage) injuries. Polymers. 

2023 May 16;15(10):232  

44. Humaira S, Dey AK, Raju SA, Sanaullah S. Development and validation of 

spectrophotometric method for determination of amisulpride in pharmaceutical dosage 

forms. Int. J. chem. sci. 2008;6(1):437-40. 

45. Khunteta A, Gupta MK, Swarnkar SK. Preformulation studies of rapid dissolving films 

containing granisetron hydrochloride. Journal of Drug Delivery and Therapeutics. 2019 

Aug 30;9(4-A):511-5. 

46. Sawant RL, Hadawale SD, Dhikale GK, Bansode CA, Tajane PS. Spectrophotometric 

methods for simultaneous estimation of rabeprazole sodium and aceclofenac from the 

combined capsule dosage form. Pharmaceutical methods. 2011 Jul 1;2(3):193-7. 

47. Venugopal K, Saha RN. New, simple and validated UV-spectrophotometric methods for 

the estimation of gatifloxacin in bulk and formulations. Il Farmaco. 2005 Nov 1;60(11-

12):906-12. 

48. Singh, Gurpreet & Tanurajvir, Kaur & Ravinder, Kaur & Kaur, Anudeep. (2014). Recent 

biomedical applications and patents on biodegradable polymer-PLGA. International 

Journal of Pharmacology and Pharmaceutical Sciences. 1. 30-42. 

49. Gökalp, Nurefşan & Ulker Turan, Cansu & Guvenilir, Yuksel. (2016). Synthesis of 

Polycaprolactone via Ring Opening Polymerization Catalyzed by Candida Antarctica 



Executive Summary 

 

Amit Dabke, Faculty of Pharmacy, The MSU of Baroda                                         Page | 18                                            
 

Lipase B Immobilized onto an Amorphous Silica Support. Journal of Polymer Materials. 

33. 87-100. 

50. https://pubchem.ncbi.nlm.nih.gov/compound/Amisulpride 

51. Evren Algin Yapar et. al Thermal analysis on phase sensitive granisetron in situ forming 

implants Journal of Applied Pharmaceutical Science Vol. 4 (07), pp. 010-013, July, 2014 

52. Kapoor, Deepak & Bhatia, Amit & Kaur, Ripandeep & Sharma, Ruchi & Kaur, Gurvinder 

& Dhawan, Sanju. (2015). PLGA: A unique polymer for drug delivery. Therapeutic 

delivery. 6. 41-58. 10.4155/tde.14.91. 

53. González-González AM et.al In Vitro and In Vivo Evaluation of a Polycaprolactone 

(PCL)/Polylactic-Co-Glycolic Acid (PLGA) (80:20) Scaffold for Improved Treatment of 

Chondral (Cartilage) Injuries. Polymers (Basel). 2023 May 16;15(10):2324.  

54. Winkler JS, Barai M, Tomassone MS. Dual drug-loaded biodegradable Janus particles for 

simultaneous co-delivery of hydrophobic and hydrophilic compounds. Exp Biol Med 

(Maywood). 2019 Oct;244(14):1162-1177.  

55. United states pharmacopoeia, Edition 31, Chapter 1174, Flow Properties 

56. Yang Z, Liu L, Su L, Wu X, Wang Y, Liu L, Lin X. Design of a zero-order sustained release 

PLGA microspheres for palonosetron hydrochloride with high encapsulation efficiency. Int 

J Pharm. 2020 Feb 15;575:119006.  

57. Zixu Liu, Ruixuan Bu, Linxuan Zhao, Lei Liu, Nan Dong, Yu Zhang, Tian Yin, Haibing 

He, Jingxin Gou, Xing Tang, Hydrogel-containing PLGA microspheres of palonosetron 

hydrochloride for achieving dual-depot sustained release, Journal of Drug Delivery Science 

and Technology, Volume 65,2021, 102775. 

58. Sinha VR, Trehan A. Formulation, characterization, and evaluation of ketorolac 

tromethamine-loaded biodegradable microspheres. Drug Deliv. 2005 May-Jun;12(3):133-

9.  

59. Dabke A, Ghosh S, Dabke P, Sawant K, Khopade A. Revisiting the in-vitro and in-vivo 

considerations for in-silico modelling of complex injectable drug products. J Control 

Release. 2023 Aug;360:185-211. 

60. Leung DH, Kapoor Y, Alleyne C, Walsh E, Leithead A, Habulihaz B, Salituro GM, Bak 

A, Rhodes T. Development of a Convenient In Vitro Gel Diffusion Model for Predicting 

the In Vivo Performance of Subcutaneous Parenteral Formulations of Large and Small 

Molecules. AAPS PharmSciTech. 2017 Aug;18(6):2203-2213. 



Executive Summary 

 

Amit Dabke, Faculty of Pharmacy, The MSU of Baroda                                         Page | 19                                            
 

61. Kudarha RR. Development of Nanocarrier Based Targeted Drug Delivery System for 

Effective Treatment of Brain Tumor (Doctoral dissertation, Maharaja Sayajirao 

University of Baroda (India)). 

 

 


