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Abstract 

Purpose: PIK75 is a specific inhibitor of the p110  isoform of phosphatidylinositol-3-kinase, an 

enzyme which is upregulated in several human cancers. However its poor water solubility and 

stability has limited its pre-clinical development.  

Method: In our current work we developed and evaluated PIK75 nanosuspension prepared using 

high pressure homogenization technique. The nanosuspension was characterized for various 

properties such as size, surface charge and saturation solubility. The saturation solubility 

processing techniques were critically evaluated to optimize sample processing conditions. In 

vitro studies were conducted to determine the stability of the formulation and in vivo studies 

were carried out to understand the pharmacokinetic and tissue distribution properties of the 

nanosuspension.  

Results: The nanosuspension exhibited an 11 fold improvement in saturation solubility with drug 

recovery greater than 90% for 6 h in the nanosuspension system and in human plasma. In vivo 

studies indicated that both PIK75 suspension and nanosuspension showed a similar plasma 

pharmacokinetic profile however tissue distribution studies indicated lower PIK75 levels in the 

kidney post nanosuspension administration.  

Conclusion: The results of this study showed that PIK75 could be formulated as a 

nanosuspension to improve saturation solubility, enhance stability in plasma and minimize 

exposure to drug metabolizing tissues.  

Keywords: Phosphatidylinositol 3-kinase inhibitor, PIK75, nanosuspension, solubility, wet 

milling, stability  
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1. Introduction  

Cancer is an critical health issue with an estimated 13.2 million people likely to succumb 

to it by 2030 (UKCR, 2010). Chemotherapeutic agents are often used for the treatment of cancer; 

however drug resistance limits the use of many cytotoxic agents. In order to overcome this issue 

of drug resistance, several cancer cell specific cytotoxic agents are continually being developed. 

Automation of drug discovery has enabled the development of a number of such cancer cell 

specific cytotoxic agents. However many of these compounds have poor water solubility which 

leads to incomplete dissolution resulting in poor bioavailability in vivo (Pu, 2009). 

Phosphatidylinositol 3-kinases (PI3Ks) are a family of lipid kinases which catalyze the 

phosphorylation of the 3-hydroxyl position of the inositol ring of phosphatidylinositol 4, 5-

diphosphate (PIP2) to give the second messenger molecule phosphatidylinositol 3, 4, 5-

triphosphate (PIP3). PIP3 then allows PI3K to couple with downstream effectors such as Akt, a 

serine-threonine kinase which suppresses apoptosis, promotes cell growth and stimulates cell 

proliferation (Cantley, 2002; Leevers, 1999; Vivanco, 2002). PIP3 also indirectly activates the 

protein kinase, mammalian target of rapamycin (mTOR) which is crucial for cell growth. Of 

eight related PI3Ks identified in vertebrates the class 1A isoform of p110 α is frequently 

activated in human colorectal, ovarian, breast and liver cancer and it is a major target for small-

molecule inhibitors (Bader, 2006; Frédérick, 2009; Gymnopoulos, 2007). Since other isoforms of 

this enzyme also have critical functions, compounds that specifically inhibit the p110 α isoform 

have been investigated as potential anticancer agents (Hirsch, 2008; Karakas, 2006; Maira, 2008; 

Marone, 2008). 
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PIK75 is a selective inhibitor of PI3K p110 α isoform (Chaussade, 2007; Knight, 2006) 

which has shown potent inhibition of cellular proliferation (IC50s - 69 nM) in NZB5 

medulloblastoma cells, (IC50s - 66 nM) in NZOV9 ovarian tumor cells (Kendall, 2007)) and it 

has demonstrated activity in HeLa human cervical cancer xenograft model (Hayakawa, 2007). 

However pre-clinical investigation with PIK75 has been limited due to its poor aqueous 

solubility which is attributed to its high melting point (216°C) and a high log Poctanol/water (3.84) 

value. It is soluble in a range of organic solvents including dimethyl sulfoxide (DMSO), but not 

at concentrations well tolerated in animals and hence it has only been dosed as a suspension in 

pre-clinical studies (Kendall, 2007). Hence the aim of the current investigation was to design 

PIK75 nanosuspension (PIK75-NS) formulation which could be used for pre-clinical 

investigation.  

Nanosuspension (NS) are dispersions of nano-sized drug particles prepared by bottom-up 

or top-down technology and stabilized with suitable stabilizers. This formulation approach is 

often used for compounds with poor aqueous and lipid solubility to enhance saturation solubility 

and improve dissolution characteristics. Several papers have reported an improvement in 

saturation solubility following development of nanosuspension formulations. Saturation 

solubility is a compound specific constant which depends on the temperature, properties of the 

dissolution medium and particle size (for particles below 1-2 µm) (Műller, 2001; Nakarani, 

2010). For nanosuspension the increase in the surface area subsequently leads to an increase in 

saturation solubility which can be explained by the Ostwald-Freundlich equation and Kelvin 

equation for drug particles less than 2 µm (Műller, 1998; Wang, 2011). In the literature, a 
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several-fold improvement in drug solubility has often been reported for nanosuspension 

(Cerdeira, 2010; Ganta, 2009; Wang, 2011; Wu, 2011; Xia, 2010). However the reduction in 

particle size only has a significant impact when drug particles are less than 10 nm in size 

(Brittain, 1995). Saturation solubility samples are often processed by centrifugation, 

ultracentrifugation or filtration techniques (0.1 – 0.22 µm) to remove excess undissolved drug 

particles or nanoparticles (Gao, 2011a; Gao, 2010, 2011b; Nakarani, 2010; Pardeike, 2010; 

Wang, 2011; Xia, 2010). However often such separation techniques do not completely eliminate 

nanoparticles from the sample, hence additional processing conditions were investigated in this 

study. Light scattering and turbidity measurements have been reported as suitable techniques for 

the determination of solubility (Van Eerdenbrugh, 2010). Therefore along with formulation 

development, saturation solubility samples were critically evaluated to obtain an accurate 

measure of improvement in saturation solubility.  

Although nanosuspensions are known to improve aqueous solubility the advantage of this 

formulation system in improving drug stability in plasma had not been explored. Hence in this 

study we also investigated the stability of PIK75-NS in human plasma.  

  

2. Materials and Methods 

2.1 Materials  

PIK75 was synthesized at the Auckland Cancer Society Research Centre using published 

routes (Hayakawa, 2007; Kendall, 2007). Pluronic F-68 (Poloxamer 188, BASF, Ludwigshafen, 

Germany) and hydrogenated soybean lecithin with 70% phosphatidylcholine (Lipoid S 75, 
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Lipoid, Germany) were used as stabilizers. HPLC grade acetonitrile were obtained from Ajax 

Fine Chemicals (Australia). All other chemicals and reagents were of analytical grade. Water 

was purified on a Milli-Q-system (Millipore, USA), and was used for the preparation of all 

aqueous solutions.  

 

2.2 Methods 

2.2.1 Preparation of PIK75 nanosuspension (PIK75-NS) 

Preliminary studies were conducted to optimize type of stabilizers, concentration of 

stabilizers and homogenizing conditions. A 3
2
 factorial design was established to optimize the 

homogenizing parameters (Table 1). Based on these findings the following protocol for 

preparing PIK75-NS was developed. PIK75 (300 mg), poloxamer 188 (P-188) (100 mg) and 

hydrogenated soybean lecithin with 70% phosphatidylcholine (SBL-PC) (100 mg) were 

dispersed in Milli-Q water (25 ml) and stirred for 30 minutes. The dispersion was micronized 

using an Ultra Turrax homogenizer (IKAWerke GmbH & Co., Germany) at 9,000 rpm for 30 

min. The premix was high pressure homogenized using an Emulsiflex-C3 high pressure 

homogenizer (Avestin Inc, Canada) for 15 cycles at 7250 psi, 5 cycles at 15,000 psi and 15 

cycles at 18,000 psi to prepare the nanosuspension. Continuous cooling via heat exchanger was 

used during the homogenization process to maintain the product temperature between 2-4°C.  

 

2.2.2 Particle size, zeta potential and drug entrapment efficiency  
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The mean particle size and the polydispersity index (PDI) of the pre-milled and milled 

nanosuspension were determined by photon correlation spectroscopy (PCS) with a Malvern 

Zetasizer Nano ZS (Malvern Instruments, UK). Prior to measurement the samples were diluted 

with Milli-Q water to a suitable scattering intensity. In order to measure the zeta potential the 

samples were diluted with the aqueous phase. The pH of the diluted samples ranged from 5.5 to 

6.0. Zeta potential measurements were done at 25°C under electric field strength of 23.2 V/cm.  

PIK 75-NS was centrifuged at 13,000 rpm for 60 min, the supernatant was extracted and 

the amount of unincorporated PIK75 was measured using HPLC. Drug entrapment efficiency 

was calculated by subtracting the amount of free PIK75 in the supernatant from the initial 

amount of PIK75 used to prepare the nanosuspension formulation.  

 

2.2.3 Crystalline state evaluation  

Crystalline state evaluation was carried out using Polarized Light microscopy (PLM), 

Differential Scanning Calorimetry (DSC), and X-Ray Powder Diffraction (XRPD) to determine 

any transformation of crystalline PIK75 into an amorphous state after high pressure 

homogenization process. 

  

2.2.3.1 Polarized Light Microscopy  

Optical microscopy analysis was conducted using a brightfield Leica DMR polarized 

light microscope (Leica, GmbH, Germany) (20x normal or 100x oil immersion lens, 10x 
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objective) equipped with a Nikon CoolPix 4500. For analysis a drop of the suspension (pre-

milled or milled) was placed on a clean glass slide and covered carefully with a coverslip. 

 

2.2.3.2 Differential Scanning Calorimetry 

The thermal properties of PIK75 and the other excipients in the NS were measured on a 

Q1000 Tzero™ module (TA Instruments, USA). Heat flow and heat capacity calibration of the 

instrument was done using indium and sapphire, respectively. The samples were accurately 

weighed (7.4 mg) and crimped in aluminum pans and heated at 10
°
C min

-1
. The data was 

analyzed using Universal Analysis software (TA, Instruments, USA) version 4.1D 

 

2.2.3.3 X-ray powder diffraction   

X-ray diffractograms of PIK75, P-188, SBL-PC and PIK75-NS were recorded using a D8 

Advance Diffractometer (Bruker AXS, CA, USA) with Cu line as the source of radiation. For 

analysis 600 mg of sample was used and standard runs were obtained using a voltage of 40 kV, a 

40 mA current and a scanning rate of 0.02/min over a 2θ range of 2.0–40.0
o
.   

 

2.2.4 Solubility determination  

PIK75 macrosuspension was added in excess to 5mL of phosphate buffer saline (PBS) 

pH 7.4 and placed in controlled temperature shaking water bath (OLS200, Cambridge, UK) at 

25°C for 48 h. The samples were centrifuged for 5 min at 10,000 rpm and the supernatant was 

collected and injected onto the HPLC column.   
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A saturated solution of PIK75-NS in PBS was prepared as above, but the samples were 

subjected to different processing conditions after equilibration (Table 2), diluted with mobile 

phase and 30 µL was injected in HPLC for analysis.  

 

2.2.5 Drug excipient compatibility testing  

 Drug excipient compatibility was tested by triturating PIK75 with the excipients and 

stored at 60ºC, 40% relative humidity for one month. During this period the samples were 

observed for any change in color and after one month PIK75 was extracted from the sample 

using acetonitrile and its concentration was determined using HPLC analysis.  

 

2.2.6 In vitro PIK75 stability in formulation vehicle and human plasma 

 PIK75 suspension was prepared by adding PIK75 in 10% DMSO, 0.5% Tween 20 and 

89.5% saline. PIK75-NS was prepared using the same methodology as described earlier. 

Stability of PIK75 in the formulation was tested by placing 5 ml of PIK75 suspension and 

PIK75-NS separately in a shaking water bath maintained at 37ºC and 100 rpm. At pre-

determined time intervals a 50 µL sample was centrifuged at 13,000 rpm for 60 min, filtered 

with a 0.22 µm filter and further purification was achieved by using a 3 kDa pore size Nanosep
®

 

filter. The percentage PIK75 recovered was measured using HPLC. 

 Plasma stability was also tested separately for PIK75 suspension and PIK75-NS by 

adding 10 µL of the formulation to 1.2 mL of plasma and kept in a water bath at 37°C. At 

predetermined intervals a 100 µL sample was withdrawn and diluted with 300 µL of ice-cold 
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acetonitrile to deproteinize the human plasma samples. These samples were purified further 

using the methodology described above and the percentage PIK75 recovered was measured using 

HPLC. 

 

2.2.7 Stability studies   

PIK75-NS was stored in glass vials at 40°C±2°C/75% RH±5% as per ICH guidelines 

(ICH, 2012). Samples were recovered at predetermined time intervals (2 month, 4 months and 6 

months) to assess chemical and physical stability. 

For chemical stability testing, 50 µL of the sample (n=5) was dissolved in 1 ml ACN and 

was injected on the HPLC column. PIK75 concentration was determined using the calibration 

curve and percentage recovery was calculated and expressed as mean±SD. For assessing 

physical stability particle size and polydispersity index were monitored using Malvern Zetasizer 

Nano ZS. 

 

2.2.8 HPLC analysis  

A HPLC method was validated for the determination of PIK75 in all the samples. An 

Agilent series 1200 LC (Agilent Corporation, Germany) comprising a quaternary pump, an 

autosampler and photodiode array detector were used with data acquisition by Chemstation
® 

(Agilent Corporation, Germany). Separation was performed on a reverse phase C18 column (2.1 

mm×150 mm, 5 µm, Phenomenex, USA) using a guard C18 pre-column with security guard 

cartridges (20 mm×4 mm, 5 µm, Phenomenex, USA). The mobile phase consisted of solvent A 
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(80% acetonitrile in Milli-Q water) and solvent B (45 mM ammonium formate, pH 3.5) which 

was circulated at a flow rate of 1 ml/min with a gradient method. The gradient used was: 0-6 min 

15% of solvent A; 6-11 min 75% solvent A; 11-13 min 15% of solvent A. Samples were injected 

at 30 µl of injection volume and analyzed at 270 nm. The autosampler temperature was 

maintained at 4°C and the column temperature was maintained at 25°C.  

 

2.2.9 Pharmacokinetic and tissue distribution  

Male CD1 mice weighing 25-30 g were obtained from Charles River Laboratories, USA. 

The animals were housed in groups of 10 in a temperature-controlled room (22 ± 2 °C) with a 

12-hour light/dark cycle and were fed ad libitum water and a standard rodent diet (Harlan Teklad 

diet 2018i). All animal experimental protocols were evaluated and approved by the Animal 

Ethics Committee, University of Auckland, New Zealand. Mice received intraperitoneal (i.p) 

injection of PIK75 (10 mg/kg) suspension or PIK75 nanosuspension (PIK75-NS). At 

predetermined time points (15, 30 min and 1 and 4 h), three mice from each group were 

euthanized with carbon dioxide inhalation and blood samples were collected by cardiac puncture 

into blood collection tubes containing EDTA (Becton Dickinson, Auckland, New Zealand). 

These samples were centrifuged at 6,500 rpm for 15 min for the isolation of plasma. Liver, 

kidneys, lungs, heart and brain were also collected. These tissues were washed with 1 ml PBS 

(pH 7.4) to remove any blood contamination, then snap frozen in liquid nitrogen and stored at -

80˚C until analysis. Prior to analysis the tissues samples were weighed then homogenized in PBS 

using TissueLyser II (Qiagen, USA).  
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2.2.10 Plasma and tissue sample processing and analysis 

A structural analogue of PIK-75, SN32776, was added as the internal standard to 0.1 ml 

of plasma or tissue homogenate, followed by 1 ml chilled acetonitrile. Each sample was 

vortexed, kept at -80˚C for 30 min and centrifuged at 3,500 rpm for 15 min to precipitate the 

proteins. The supernatant was removed, diluted with mobile phase and injected into an Agilent 

6460 triple quadrupole LC-MS/MS system for quantitative analysis using multiple reaction 

monitoring and electrospray ionization. PIK-75 was analyzed with a precursor ion m/z of 454 

and a product ion m/z of 254. The internal standard was analyzed with a precursor ion m/z of 

413 and a product ion m/z of 213.  

Separation was performed on a reverse phase C18 column (2.1 mm × 150 mm, 5 µm, 

Phenomenex, USA) using a guard C18 pre-column with security guard cartridges (20 mm × 4 

mm, 5 µm, Phenomenex, USA). The mobile phase consisted of solvent A (5 mM ammonium 

formate in Milli-Q water) and solvent B (0.1% formic acid in 99.1% methanol) which was 

circulated at a flow rate of 0.4 ml/min with a gradient method. The gradient used was: 0-2.5 min 

20% of solvent A; 2.5-8 min 100% solvent A; 8-9 min 20% of solvent A. Samples were injected 

at 30 µl of injection volume, the autosampler temperature was maintained at 4°C and the column 

temperature was maintained at 35°C. 

 

2.2.11 Pharmacokinetic and statistical analysis  
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Pharmacokinetic analysis was carried out by non-compartmental analysis using Phoenix 

WinNonlin 6.2 (Pharsight, USA). Statistical analysis was performed with the software package 

SPSS® 15.0 (IBM, USA) using ANOVA and a p value < 0.05 was considered statistically 

significant.  

 

3 Results  

Preliminary studies were conducted to determine the type and concentration of stabilizers 

required for the preparation of PIK75-NS. Poloxamers, lecithin, polysorbates and polyethylene 

glycol were investigated as potential stabilizers. Poloxamer 407 and P-188 provided 

nanosuspension within a size range of 300-500 nm. As poloxamer 407 can cause 

hypertriglyceridemia and hypercholesterolemia, P-188 was investigated as a potential stabilizer 

for PIK75-NS preparation (Johnston, 1993; Wout, 1992). Usually for nanosuspension a 

combination of stabilizers is recommended for effective stabilization. Hence along with P-188, 

SBL-PC was also selected to prepare PIK75-NS due to its amphoteric properties and its safety in 

parenteral applications. Formulating PIK75-NS with these stabilizers provided nanoparticles in 

the size range of 380-460 nm with a saturation solubility of 36.19±20 µg/ml.  

Once the stabilizers were selected, the high pressure homogenization parameters were 

optimized by designing a 3
2 

factorial study (Table 1). In this study the effect of homogenization 

pressure and number of homogenization cycles on the size and polydispersity indexes (PDI) of 

the nanosuspension was evaluated to assess the influence of these parameters on physical 

stability, cellular uptake, biodistribution and drug release. The particle size data was analyzed 
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using multiple linear regression analysis to determine the co-efficients of the quadratic statistical 

model and to determine statistically significant terms. Figure 1 shows the effect of 

homogenization pressure and the number of cycles on particle size and PDI. An increase in both 

homogenization pressure and homogenizing cycles showed a decrease in particle size and size 

distribution. The following equation was derived by the best-fit method to describe the 

relationship between particle size (Y), the homogenization pressure (X1) and the number of 

homogenization cycles (X2).  

 

Y = 1711.12 - 0.08X1 - 5.20X2 - 0.05X1X2 

 

The negative value of the estimated coefficients indicated that an increase in both 

homogenization pressure and cycles resulted in a decrease in particle size and polydispersity 

index. ANOVA analysis of these process parameters indicated that homogenization at 18,000 psi 

resulted in a significant decrease in particle size and size distribution compared to 

homogenization at 7,250 psi. Although there was no significant decrease in particle size 

following homogenization at 15,000 psi compared to homogenization at 18,000 psi, there was a 

significant reduction in particle size distribution. In terms of the number of homogenization 

cycles it was found that homogenization for 15 cycles compared to 5 cycles showed a significant 

decrease in particle size. This indicates that a gradual increase in the homogenization pressure 

led to decrease in particle size and an increase in the number of homogenization cycles improved 
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nanoparticle size distribution. Hence PIK75-NS samples were prepared by homogenization for 

15 cycles at 7250 psi, 5 cycles at 15,000 psi and 15 cycles at 18,000 psi. 

Once the homogenization parameters were optimized the ratio of P-188 and SBL-PC 

were altered to identify an optimum ratio of these excipients (Table 3). Increasing the ratio of 

SBL-PC (NS-2) showed a 4 fold increase in entrapment efficiency (p < 0.05) and a decrease in 

nanoparticle size compared to the NS-1 system. When the levels of SBL-PC were reduced (NS-3 

compared to NS-2), it was observed that although high entrapment efficiency was maintained 

there was an increase in nanoparticle size possibly due to ineffective stabilization. Increasing the 

proportion of P-188 increased the entrapment efficiency but it was associated with an increase in 

particle size. When P-188 and SBL-PC were added in the same ratio there was 7 times greater 

entrapment of PIK75 (p < 0.05) and a significant decrease in particle size compared to the NS-1 

system. P-188 is a non-ionic triblock copolymer with a central hydrophobic chain of 

polyoxypropylene flanked with two hydrophilic chains of polyoxyethylene. The hydrophobic 

chains attract the polymer to the surface of the nanosized drug and the hydrophilic chains 

provide steric stabilization (Liu, 2011). As an amphoteric stabilizer SBL-PC is able to provide 

both steric and electrostatic stabilization. After nanosization of PIK75, SBL-PC and P-188 

accumulate at the drug and aqueous interface and form a mechanical and thermodynamic barrier 

preventing drug particle aggregation. The NS-5 system enabled the preparation of spherical 

nanosuspension of PIK75 within a size range of 100-200 nm. Following optimization of process 

and formulation parameters the nanosuspension system was characterized for size, surface 
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charge, crystalline state and saturation solubility. Pharmacokinetics and tissue distribution 

characteristics of the nanosuspension were also evaluated. 

 

3.1 Particle size and zeta potential measurement  

Particle correlation spectroscopy (PCS) was used to assess particle size, PDI and surface 

charge of the nanosuspension. A PDI value of 0.1-0.3 usually indicates a narrow distribution, 

whereas values greater than 0.5 signifies a very broad size distribution (Patravale et al., 2004). 

PCS analysis showed that the pre-milled NS had an average particle size of 1532 nm ± 141 with 

a PDI of 0.4 which was reduced by milling to 187.6 nm ± 19.11 with a PDI of 0.3 (Table 3, NS-5 

system). Further zeta potential analysis indicated that the nanosuspension had an average zeta 

potential of -39.3 ± 0.86 mV at pH 6.0. Nanoparticles which are stabilized with steric and 

electrostatic stabilizers (P-188 and SBL-PC) require a minimum zeta potential value of ±20 mV 

(Wagh, 2011).   

 

3.2 Crystalline state evaluation  

Polarized light microscopy can be used to gather preliminary information on the presence 

of crystalline or amorphous forms of a compound as only the crystalline form would show 

birefringence patterns under polarized light. Both the pre-milled and milled nanosuspension 

showed birefringence patterns indicating that the crystalline state of PIK75 was unaltered 

following homogenization operations (Figure 2) (Hecq, 2006). DSC thermograms for PIK75-NS 

showed peaks corresponding to the melting point of PIK75 and the stabilizers (Figure 3). 
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However the peak corresponding to the melting of PIK75 was broader and had shifted possibly 

due to a decrease in drug particle size and concurrent melting of SBL-PC and PIK75  (Liu, 2011; 

Van Eerdenbrugh, 2007; Xia, 2010). Figure 4, shows the XRPD diffractograms of PIK75, 

PIK75-NS and the stabilizers. The diffractogram of PIK75 showed sharp peaks at diffraction 

angles of 2θ (11.5, 13, 14.6, 15.5, 18.9, 19.5, 20.6, 23, 24.8). The diffractogram  for P-188 

showed two intense peaks at 16.0° and 20.8° and a broad and diffuse pattern was apparent with 

SBL-PC suggesting it was essentially amorphous (Gao, 2011a). PIK75-NS showed sharp 

diffraction peaks similar to PIK75 diffractogram demonstrating that the crystalline nature of the 

drug was unaltered after high pressure homogenization. A decrease in peak intensity was 

observed for certain diffraction angles due to the presence of polymer at the surface of the 

nanoparticles (Hecq, 2006; Wang, 2011).   

 

3.3 Saturation solubility  

Saturation solubility of PIK75 macrosuspension equilibrated in PBS at 25°C was 4.7±5.3 

µg/ml. Figure 5 shows the effect of selected processing conditions on particle count rate and 

saturation solubility. PIK75 samples which were processed by centrifugation (PC1-PC3) showed 

that increase in the period of centrifugation did not alter the count rate. However a small 

decrease in the saturation solubility was observed by centrifuging the samples for 90 min (7% 

decrease, p > 0.05) and 120 min (1% decrease, p > 0.05). Centrifuging the samples and filtering 

them with a 0.20 µm filter (PC4) did not alter the count rate however a 12% decrease (p < 0.05) 

in saturation solubility was observed. Centrifugal filtration devices with two pore sizes (100 kDa 
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and 3 kDa) were investigated to monitor a change in saturation solubility and count rate. 

Processing the sample with a 100 kDa pore size Nanosep® reduced the saturation solubility of 

PIK75 by 43% (p < 0.05) in comparison to using the PC1 technique. The decrease in saturation 

solubility value was associated with a decrease in particle count rate. However the count rate for 

PC5 samples was higher than the count rate obtained with blank PBS samples, hence the 3 kDa 

pore size filter was used. The 3 kDa pore size Nanosep® reduced the saturation solubility of 

PIK75 by 49% (p < 0.05) in comparison to using the PC1 technique. The count rate obtained by 

this technique (PC6) showed a count rate value similar to the value observed from blank PBS 

sample. Furthermore in comparison to PC5 technique the PC6 technique showed a statistically 

significant decrease in saturation solubility which could be attributed to effective separation of 

nanoparticles from the samples due to use of small pore size filters.  

 

3.4 Drug excipient compatibility testing  

In this study PIK75’s chemical compatibility with P-188 and SBL-PC was studied to 

determine if there was any interaction between PIK75 and the stabilizers. This was considered as 

an important risk reduction exercise early in the formulation development process to assess drug 

recovery. Drug excipient compatibility testing showed that when PIK75 was combined with P-

188 and SBL-PC about 97-99% of PIK75 was recovered. Regular visual inspection of the sample 

showed no change in the appearance of the sample thereby indicating that PIK75 was physically 

and chemically compatible with the stabilizers.  
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3.5 Stability studies   

Stability testing was conducted to provide evidence on the quality of drug under the 

influence of a variety of environmental factors such as temperature and humidity. The tests on 

PIK75-NS were designed as per the ICH harmonized tripartite guidelines. Visual observations 

during stability testing did not show discoloration of PIK75-NS. Chemical stability testing 

showed a 2-3% decrease in PIK75 recovery but this decrease was not statistically significant. 

Similarly the surface charge did not alter significantly during the period of stability testing. A 3-

4% increase in particle size was observed during 4 months and 6 months of stability testing. 

However the increase in particle size did not affect PIK75 recovery from the nanosuspension 

formulation.  

 

3.6 In vitro PIK75 stability in formulation vehicle and in human plasma 

 In vitro stability testing of PIK75 and PIK75-NS was conducted in the formulation and 

also in human plasma. PIK75 suspension prepared with 10% DMSO, 0.5% Tween 20 and 89.5% 

saline showed a rapid decline in PIK75 recovery over 8 h reaching < 20% after 8 h (Figure 6A). 

In contrast, PIK75-NS showed a very small degree of drug precipitation over 8 h.  

In human plasma, the PIK75 suspension showed more than 90% recovery of the drug 

within the first 60 min (Figure 6B). However after 2 h, PIK75 recovery started to decline 

gradually with an average drug recovery of 27% after 8 h of stability testing. The PIK75-NS 

showed more than 90% drug recovery for 6 h with 70% of PIK75 being recovered after 8 h 

compared to PIK75 suspension.  



  

 

 

 

20 

 

 

3.7 Pharmacokinetics and tissue distribution  

For pharmacokinetic evaluation PIK75-NS was administered via the i.p route due to risk 

of precipitation after IV injection and poor bioavailability post oral administration. As PIK75 has 

been successfully administrated via the i.p route (Hayakawa, 2007) and due to our interest in 

exploring this formulation system for treatment of ovarian cancer we investigated the i.p route of 

administration for the delivery of PIK75-NS. PIK75 has been administered at doses as high as 50 

mg/kg (Hayakawa, 2007) hence to minimize toxicity a dose of 10 mg/kg was administered in this 

study and the wellbeing of animals was monitored. As no obvious signs of toxicity or 

bodyweight loss were apparent we decided to conduct pharmacokinetic and tissue distribution 

studies at a dose of 10 mg/kg.  

Pharmacokinetic studies indicated that both PIK75 suspension and PIK75-NS showed 

similar plasma pharmacokinetic profiles with Cmax values of 3.7 µg/ml and 3.6 µg/ml, 

respectively that were observed within 15 min of drug administration (Figure 7, Table 4).  The 

plasma AUC0-inf, mean residence time (MRT) and elimination half life were also similar for both 

the formulations.  

PIK75 tissue distribution was investigated in the liver, kidney, heart, lungs and brain post 

administration of PIK75 as a suspension and nanosuspension. Figure 8 shows the concentration 

of PIK75 in the tissues post administration of PIK75 suspension and PIK75-NS and table 4 

shows the Cmax, AUC0-4 and MRT parameters. The kidney was the predominant site of drug 

accumulation for PIK75 suspension, which had a 2-fold greater Cmax and 3-fold greater AUC0-4 
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than PIK75-NS (p < 0.05). In the heart PIK75 suspension showed a 4-fold higher Cmax and 2-fold 

higher AUC0-4 compared to PIK75-NS. PIK75-NS showed a 6-fold reduced distribution to the 

brain compared to PIK-75 suspension. The MRT values with both the formulations were 

identical in all the tissues except kidneys and lungs, where 1.5-2 times greater MRT values were 

observed with the nanosuspension.  

 

4. Discussion  

Nanosuspension is a formulation approach that is often adopted for drugs which exhibit 

poor solubility in aqueous and organic media (Constantinides, 2008). During the preparation of 

nanosuspension using high pressure homogenization technique the particle diminution leads to 

an increase in particle surface area. The increase in surface area is associated with an increase in 

surface free energy which predisposes the nanoparticles to aggregate. This aggregation can be 

prevented by the addition of appropriate stabilizers to the aqueous media (Kocbek et al., 2006; 

Wang, 2011). In this study P-188 and SBL-PC provided PIK75-NS within a size range of 100 to 

600 nm. Nanoparticles of less than 300-400 nm are typically chosen for intravenous applications 

(Li, 2007). Hence P-188 and SBL-PC were selected as optimum stabilizers for stabilizing PIK75 

nanoparticles.  

Following the preparation of PIK75-NS, its crystalline properties were evaluated to 

identify any polymorphic transformation of PIK75 due to collision and shear forces in the 

homogenization valve (Patravale et al., 2004). PLM, DSC and XRPD analysis indicated that the 
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crystalline properties of the compound were maintained even after high pressure 

homogenization.  

The saturation solubility of PIK75-NS was also evaluated during in vitro studies. Prior to 

measuring saturation solubility the count rate of the particles in the samples was tested by PCS. 

A blank count rate was used to determine the intensity signal from PBS which was used as a 

reference value. It was envisaged that an increase in the count rate from the saturation solubility 

samples would indicate that undissolved drug particles (i.e. nanosuspension) would be 

contributing to an increase in scattering intensity which would result in an overestimation of 

saturation solubility. Altering the period of centrifugation (PC1 – PC3) showed a minimal effect 

on saturation solubility and on count rate. For the preparation of the PC-4 system the samples 

were initially centrifuged as direct filtration of the concentrated nanoparticles was not feasible 

due to pressure buildup. Following filtration with a 0.2 µm filter, the count rate did not alter but 

there was a statistically significant change in saturation solubility. Van Eerdenbrugh et al. 

investigated the effect of using several particle separation techniques (centrifugation, filtration 

and ultracentrifugation) and found that each of these techniques showed limited nanoparticle 

separation efficiency (Van Eerdenbrugh, 2010).  In order to explore other separation strategies 

two different pore sizes of Nanosep® MF centrifugal devices were selected to assess saturation 

solubility. Both these systems showed a significant decrease in count rate and solubility of 

PIK75 indicating the importance of sample processing prior to measurement of saturation 

solubility of nanosuspension.  
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Post physicochemical evaluation, in vitro precipitation testing was conducted within the 

formulation and in human plasma. Stability studies were carried out within the formulation to 

ensure that consistent drug recovery was maintained over 8 h, whereas in human plasma drug 

recovery was assessed to determine if PIK75 was binding to human plasma proteins. Stability 

testing within PIK75 suspension formulation indicated < 20% drug recovery over 8 h. On the 

contrary PIK75-NS was coated with steric and electrostatic stabilizers which prevented particle 

aggregation and precipitation up to 8 h. Stability testing in human plasma indicated that the 

PIK75 suspension showed 80-96% PIK75 recovery over 2 h with a rapid decline thereafter over 

8 h. Exposure of PIK75 to plasma proteins could be a possible explanation for a decrease in drug 

recovery. In contrast to this PIK75-NS showed 93-100% PIK75 recovery in the first 6 h with a 

maximum recovery of 75% after 8 h of stability testing. Although these tests have been carried 

out to mimic physiological conditions they do not consider effects of dilution, drug distribution 

and elimination. In order to consider the effects of dilution an in-vitro serial dilution technique 

reported by Yalkowsky and co-workers was tested (Yalkowsky, 1998). Visual observations from 

these tests also indicated that the PIK75-NS system was stable upon dilution (results not shown).  

 After conducting in vitro assessment with PIK75-NS and PIK75 suspension the 

pharmacokinetic and tissue distribution properties of these formulations were investigated in 

mice. Plasma kinetic studies did not show a significant difference in the plasma profile of the 

two formulations at all dosing intervals which were investigated. A similar effect of 

nanosuspension system on plasma kinetic profile was also recently reported in literature 

(Nakarani, 2010; Sigfridsson, 2007). The minimal difference between the suspension and 
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nanosuspension system is perceived to be beneficial as formulating a poorly soluble anticancer 

agent as a nanosuspension enables the delivery of such agents while avoiding use of solubility 

enhancing components such as DMSO and Tween-20.  

On the other hand tissue distribution studies with PIK75-NS showed that within 15 min 

of i.p administration PIK75 accumulated primarily in the liver and lungs. However 30 min post 

drug administration both formulations showed a similar distribution profile in the tissues which 

were investigated. In literature it has been reported that post intravenous administration of 

nanosuspension within 5-10 min 60-90% of these nanoparticles accumulate in the liver Kupffer 

cells, 2-20% accumulate in the spleen and varying fractions accumulate in the lungs (Peters, 

2000). In our work the high concentration of PIK75 observed in the lungs could be attributed to 

the route of PIK75-NS administration. Following i.p administration colloidal particles exit 

largely intact from the peritoneum via the lymphatic’s and are drained into the vascular space at 

the juncture of the left internal jugular vein and subcalvian vein due to which nanosuspension 

formulation systems are often distributed to the lungs (Titulaer, 1990; Tsai, 2007; Uchegbu, 

1994). Post delivery to the circulatory system the PIK75-NS system would also be taken up by 

Kupffer cells of the liver indicating the high levels of PIK75 observed in the liver. On the 

contrary to our observation several reports in literature have observed higher drug concentration 

in tissues with nanosuspension compared to solution formulation. This difference could be 

attributed to number of factors such as route of drug administration, accumulation of 

nanosuspension in the lymphatic system (Hirano, 1985) or in other tissues and presence of P-188 

that has been reported to reduce opsonization of drug carrier enhancing delivery of agents to 
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tumor tissues (Merisko-Liversidge et al., 1996). Hence further in vivo studies in tumor bearing 

mice and investigation of drug distribution in other tissues (spleen, lymph nodes) will help to 

evaluate the benefit and efficacy of the nanosuspension formulation for anticancer activity. 

 

5. Conclusion  

In conclusion, PIK75-NS with a size range of 100-200 nm were prepared by the high 

pressure homogenization technique. Crystalline state evaluation indicated that the crystalline 

properties of the drug were maintained after homogenization. Critical evaluation of saturation 

solubility showed more than 11 fold improvement in solubility of PIK75 when prepared as a 

nanosuspension. In vivo studies indicated that formulation of PIK75 as a nanosuspension gave 

similar plasma kinetics to a DMSO based formulation and reduced exposure of PIK75 to drug 

metabolizing tissues.  

 

6. Acknowledgements  

Meghna Talekar thanks the University of Auckland Scholarship office and Lottery Health 

Research Committee for support. 



  

 

 

 

26 

 

References 

1. Bader, A.G., Kang, S., Vogt, P. K., 2006. Cancer-specific mutations in PIK3CA are 

oncogenic in vivo. Proceedings of the National Academy of Sciences of the United States 

of America 103, 1475-1479. 

2. Brittain, H.G., 1995. Physical Characterization of Pharmaceutical Solids. Drugs and 

Pharmaceutical Sciences. Marcel Dekkar, New York. 

3. Cantley, L.C., 2002. The phosphoinositide 3-kinase pathway. Science 296, 1655. 

4. Cerdeira, A.M., Mazzotti, M., Gander, B., 2010. Miconazole nanosuspensions: Influence 

of formulation variables on particle size reduction and physical stability. International 

Journal of Pharmaceutics 396, 210-218. 

5. Chaussade, C., Rewcastle, G. W., Kendall, J. D., Denny, W. A., Cho, K., Grønning, L. 

M., Chong, M. L., Anagnostou, S. H., Jackson, S. P., Daniele, N., Shepherd, P. R., 2007. 

Evidence for functional redundancy of class IA PI3K isoforms in insulin signalling. 

Biochemical Journal 404, 449-458. 

6. Constantinides, P.P., Chaubal, M. V., Shorr, R., 2008. Advances in lipid nanodispersions 

for parenteral drug delivery and targeting. Advanced Drug Delivery Reviews 60, 757-

767. 

7. Frédérick, R., Mawson, C., Kendall, J. D., Chaussade, C., Rewcastle, G. W., Shepherd, P. 

R., Denny, W. A., 2009. Phosphoinositide-3-kinase (PI3K) inhibitors: Identification of 

new scaffolds using virtual screening. Bioorganic and Medicinal Chemistry Letters 19, 

5842-5847. 

8. Ganta, S., Paxton, J. W., Baguley, B. C., Garg, S., 2009. Formulation and 

pharmacokinetic evaluation of an asulacrine nanocrystalline suspension for intravenous 

delivery. International Journal of Pharmaceutics 367, 179-186. 

9. Gao, L., Liu, G., Wang, X., Liu, F., Xu, Y., Ma, J., 2011a. Preparation of a chemically 

stable quercetin formulation using nanosuspension technology. International Journal of 

Pharmaceutics 404, 231-237. 



  

 

 

 

27 

 

10. Gao, Y., Li, Z., , Sun, M., Guo, C., Yu, A., Xi, Y., Cui, J., Lou, H., Zhai, G., 2011b. 

Preparation and characterization of intravenously injectable curcumin nanosuspension. 

Drug Deliv 18, 131-142. 

11. Gao, Y., Li, Z., Sun, M., Li, H., Guo, C., Cui, J., Li, A., Cao, F., Xi, Y., Lou, H., Zhai, 

G., 2010. Preparation, characterization, pharmacokinetics, and tissue distribution of 

curcumin nanosuspension with TPGS as stabilizer. Drug Development and Industrial 

Pharmacy 36, 1225-1234. 

12. Gymnopoulos, M., Elsliger, M. A., Vogt, P. K., 2007. Rare cancer-specific mutations in 

PIK3CA show gain of function. Proceedings of the National Academy of Sciences of the 

United States of America 104, 5569-5574. 

13. Hayakawa, M., Kawaguchi, K. I., Kaizawa, H., Koizumi, T., Ohishi, T., Yamano, M., 

Okada, M., Ohta, M., Tsukamoto, S. I., Raynaud, F. I., Parker, P., Workman, P., 

Waterfield, M. D., 2007. Synthesis and biological evaluation of sulfonylhydrazone-

substituted imidazo[1,2-a]pyridines as novel PI3 kinase p110α inhibitors. Bioorganic and 

Medicinal Chemistry 15, 5837-5844. 

14. Hecq, J., Deleers, M., Fanara, D., Vranckx, H., Boulanger, P., Le Lamer, S., Amighi, K., 

2006. Preparation and in vitro/in vivo evaluation of nano-sized crystals for dissolution 

rate enhancement of ucb-35440-3, a highly dosed poorly water-soluble weak base. 

European Journal of Pharmaceutics and Biopharmaceutics 64, 360-368. 

15. Hirano, K., Hunt, C. A., 1985. Lymphatic transport of liposome-encapsulated agents: 

Effects of liposome size following intraperitoneal administration. Journal of 

Pharmaceutical Sciences 74, 915-921. 

16. Hirsch, E., Ciraolo, E., Ghigo, A., Costa, C. , 2008. Taming the PI3K team to hold 

inflammation and cancer at bay. Pharmacology & Therapeutics 118, 192-205. 

17. ICH, 2012. Stability Testing of New Drug Substances and Products. 

18. Johnston, T.P., Palmer, W. K., 1993. Mechanism of poloxamer 407-induced 

hypertriglyceridemia in the rat. Biochemical Pharmacology 46, 1037-1042. 



  

 

 

 

28 

 

19. Karakas, B., Bachman, K. E., Park, B. H., 2006. Mutation of the PIK3CA oncogene in 

human cancers. British Journal of Cancer 94, 455-459. 

20. Kendall, J.D., Rewcastle, G. W., Frederick, R., Mawson, C., Denny, W.A., Marshall, 

E.S., Baguley, B.C., Chaussade, C., Jackson, S. P., Shepherd, P. R., 2007. Synthesis, 

biological evaluation and molecular modelling of sulfonohydrazides as selective PI3K 

p110[alpha] inhibitors. Bioorganic & medicinal chemistry 15, 7677-7687. 

21. Knight, Z.A., Gonzalez, B., Feldman, M. E., Zunder, E. R., Goldenberg, D. D., Williams, 

O., Loewith, R., Stokoe, D., Balla, A., Toth, B., Balla, T., Weiss, W. A., Williams, R. L., 

Shokat, K. M., 2006. A Pharmacological Map of the PI3-K Family Defines a Role for 

p110α in Insulin Signaling. Cell 125, 733-747. 

22. Kocbek, P., Baumgartner, S., Kristl, J., 2006. Preparation and evaluation of 

nanosuspensions for enhancing the dissolution of poorly soluble drugs. International 

Journal of Pharmaceutics 312, 179-186. 

23. Leevers, S.J., Vanhaesebroeck, B., Waterfield, M. D., 1999. Signalling through 

phosphoinositide 3-kinases: The lipids take centre stage. Current Opinion in Cell Biology 

11, 219-225. 

24. Li, P., Zhao, L., 2007. Developing early formulations: Practice and perspective. 

International Journal of Pharmaceutics 341, 1-19. 

25. Liu, P., Rong, X., Laru, J., Van Veen, B., Kiesvaara, J., Hirvonen, J., Laaksonen, T., 

Peltonen, L., 2011. Nanosuspensions of poorly soluble drugs: Preparation and 

development by wet milling. International Journal of Pharmaceutics 411, 215-222. 

26. Maira, S.M., Voliva, C. Garcia-Echeverria, C. , 2008. Class IA phosphatidylinositol 3-

kinase: from their biologic implication in human cancers to drug discovery. Expert 

Opinion on Therapeutic Targets 12, 223-238. 

27. Marone, R., Cmiljanovic, V., Giese, B., Wymann, M., 2008. Targeting phosphoinositide 

3-kinase--Moving towards therapy. Biochimica et Biophysica Acta (BBA) - Proteins & 

Proteomics 1784, 159-185. 



  

 

 

 

29 

 

28. Merisko-Liversidge, E., Sarpotdar, P., Bruno, J., Hajj, S., Wei, L., Peltier, N., Rake, J., 

Shaw, J.M., Pugh, S., Polin, L., Jones, J., Corbett, T., Cooper, E., Liversidge, G.G., 1996. 

Formulation and antitumor activity evaluation of nanocrystalline suspensions of poorly 

soluble anticancer drugs. Pharmaceutical Research 13, 272-278. 

29. Műller, R., H. Benita, S. Bőhm, H., L, 1998. Emulsions and Nanosuspensions for the 

formulation of poorly soluble drugs. MedPharm GmbH Scientific Publishers, Germany, 

pp. 54, 102. 

30. Műller, R.H., Jacobs, C., Kayser, O., 2001. Nanosuspensions as particulate drug 

formulations in therapy: Rationale for development and what we can expect for the 

future. Advanced Drug Delivery Reviews 47, 3-19. 

31. Nakarani, M., Patel, P., Patel, J., Murthy, R. S. R., Vaghani, S. S., 2010. Cyclosporine A-

Nanosuspension: Formulation, characterization and in vivo comparison with a marketed 

formulation. Scientia Pharmaceutica 78, 345-361. 

32. Pardeike, J., Müller, R. H., 2010. Nanosuspensions: A promising formulation for the new 

phospholipase A2 inhibitor PX-18. International Journal of Pharmaceutics 391, 322-329. 

33. Patravale, V.B., Date, A.A., Kulkarni, R.M., 2004. Nanosuspensions: a promising drug 

delivery strategy. Journal of Pharmacy and Pharmacology 56, 827-840. 

34. Peters, K., Leitzke, S., Diederichs, J. E., Borner, K., Hahn, H., Müller, R. H., Ehlers, S., 

2000. Preparation of a clofazimine nanosuspension for intravenous use and evaluation of 

its therapeutic efficacy in murine Mycobacterium avium infection. Journal of 

Antimicrobial Chemotherapy 45, 77-83. 

35. Pu, X., Sun, J., Li, M., He, Z., 2009. Formulation of nanosuspensions as a new approach 

for the delivery of poorly soluble drugs. Current Nanoscience 5, 417-427. 

36. Sigfridsson, K., Forssén, S., Holländer, P., Skantze, U., de Verdier, J., 2007. A 

formulation comparison, using a solution and different nanosuspensions of a poorly 

soluble compound. European Journal of Pharmaceutics and Biopharmaceutics 67, 540-

547. 



  

 

 

 

30 

 

37. Titulaer, H.A.C., Eling, W. M. C., Crommelin, D. J. A., Peeters, P. A. M., Zuidema, J., 

1990. The parenteral controlled release of liposome encapsulated chloroquine in mice. 

Journal of Pharmacy and Pharmacology 42, 529-532. 

38. Tsai, M., Lu, Z., Wang, J., Yeh, T. K., Wientjes, M. G., Au, J. L. S., 2007. Effects of 

carrier on disposition and antitumor activity of intraperitoneal paclitaxel. Pharmaceutical 

Research 24, 1691-1701. 

39. Uchegbu, I.F., Turton, J. A., Double, J. A., Florence, A. T., 1994. Drug distribution and a 

pulmonary adverse effect of intraperitoneally administered doxorubicin niosomes in the 

mouse. Biopharmaceutics and Drug Disposition 15, 691-707. 

40. UKCR, 2010. Cancer worldwide - the global picture. UK cancer research, London. 

41. Van Eerdenbrugh, B., Froyen, L., Martens, J. A., Blaton, N., Augustijns, P., Brewster, 

M., Van den Mooter, G., 2007. Characterization of physico-chemical properties and 

pharmaceutical performance of sucrose co-freeze-dried solid nanoparticulate powders of 

the anti-HIV agent loviride prepared by media milling. International Journal of 

Pharmaceutics 338, 198-206. 

42. Van Eerdenbrugh, B., Vermant, J., Martens, J. A., Froyen, L., Humbeeck, J. V., Van Den 

Mooter, G., Augustijns, P., 2010. Solubility increases associated with crystalline drug 

nanoparticles: Methodologies and significance. Molecular Pharmaceutics 7, 1858-1870. 

43. Vivanco, I., Sawyers, C., 2002. The phosphatidylinositol 3-Kinase-AKT pathway in 

human cancer. Nat Rev Cancer 2, 489-501. 

44. Wagh, K.S., Patil, S. K., Akarte, A. K., Baviskar, D. T., 2011. Nanosuspension - a new 

approach of bioavailability enhancement. International Journal of Pharmaceutical 

Sciences Review and Research 8, 61-65. 

45. Wang, Y., Liu, Z., Zhang, D., Gao, X., Zhang, X., Duan, C., Jia, L., Feng, F., Huang, Y., 

Shen, Y., Zhang, Q., 2011. Development and in vitro evaluation of deacety 

mycoepoxydiene nanosuspension. Colloids and Surfaces B: Biointerfaces 83, 189-197. 

46. Wout, Z.G.M., Pec, E. A., Maggiore, J. A., Williams, R. H., Palicharla, P., Johnston, T. 

P., 1992. Poloxamer 407-mediated changes in plasma cholesterol and triglycerides 



  

 

 

 

31 

 

following intraperitoneal injection to rats. Journal of Parenteral Science and Technology 

46, 192-200. 

47. Wu, X.G., Xin, M., Yang, L. N., Shi, W. Y., 2011. The biological characteristics and 

pharmacodynamics of a mycophenolate mofetil nanosuspension ophthalmic delivery 

system in rabbits. Journal of Pharmaceutical Sciences 100, 1350-1361. 

48. Xia, D., Quan, P., Piao, H., Sun, S., Yin, Y., Cui, F., 2010. Preparation of stable 

nitrendipine nanosuspensions using the precipitation-ultrasonication method for 

enhancement of dissolution and oral bioavailability. European Journal of Pharmaceutical 

Sciences 40, 325-334. 

49. Yalkowsky, S.H., Krzyzaniak, J. F.. Ward, G. H., 1998. Formulation-related problems 

associated with intravenous drug delivery. Journal of Pharmaceutical Sciences 87, 787-

796. 

 

 



  

 

 

 

32 

 

Legends to figures 

Figure 1: Influence on PIK75-NS particle size and polydispersity index following 

homogenization at variable pressure and homogenization cycles.  

 

Figure 2: Optical microscopy – light microscopy (LM) and polarized light microscopy (PLM) 

analysis (1000×): pre-milled PIK75 LM (A), pre-milled PIK75 PLM (B), PIK75 NS LM (C), 

PIK75 NS PLM (D). 

 

Figure 3: Differential scanning calorimetric thermograms for PIK75 (A), P-188 (B), SBL-PC 

(C), PIK75 NS formulation (D). 

 

Figure 4: X-Ray powder diffractograms for PIK75 (A), P-188 (B), SBL-PC (C), PIK75 NS 

formulation (D). 

 

Figure 5: PIK75 saturation solubility in PBS and count rate following processing the samples 

with different separation techniques.  

 

Figure 6: In vitro PIK75 recovery from PIK75 suspension and PIK75-NS in formulation vehicle 

(A) and in human plasma (B).  
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Figure 7: PIK75 concentration in plasma following a dose of 10 mg/kg of PIK75 suspension or 

PIK75-NS.  

 

Figure 8: PIK75 concentration  (normalized to weight) in liver, (A) kidney (B), heart (C), lungs 

(D) and brain (E) following administration of PIK75 suspension and PIK75-NS at a dose of 10 

mg/kg. Each time point represents mean±SD of n=3 mice.  
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Tables 

Table 1: 3
2 

factorial design to assess the effect of homogenization pressure and homogenization 

cycles on particle size and polydispersity index 

Batch 

No 

Variable level in coded form  

            X1                                             X2  

1 -1 -1 

2 -1 0 

3 -1 1 

4 0 -1 

5 0 0 

6 0 1 

7 1 -1 

8 1 0 

9 1 1 

Coded values  

Actual values  

X1 X2 

-1  7,250 5 

0 15,000 10 

1  18,000 15 

X1 = homogenization pressure (psi); X2 = number of homogenization cycles 
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Table 2: Separation techniques used to process samples for determining saturation solubility and 

count rate of PIK75 in PBS 

Code  Processing conditions  

PC-1  Centrifuged at 13,000 rpm for 60 minutes  

PC-2  Centrifuged at 13,000 rpm for 90 minutes  

PC-3  Centrifuged at 13,000 rpm for 120 minutes  

PC-4  Centrifuged at 13,000 rpm for 60 minutes and filtered with a 0.22µm filter  

PC-5  

Centrifuged at 13,000 rpm for 60 minutes, filtered with a 0.22µm filter, filtered in a 

100kDa pore size Nanosep
®
 filter by centrifuging at 10,000 rpm for 10 minutes  

PC-6  

Centrifuged at 13,000 rpm for 60 minutes, filtered with a 0.22µm filter, filtered in a 

3kDa pore size Nanosep
®
 filter by centrifuging at 10,000 rpm for 10 minutes  
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Table 3: Characterization of PIK75 nanosuspension 

Batch 

No  

PIK75 : P-

188:SBL-

PC ratio  

Particle 

size 

(nm±SE)  

Polydispersity 

index  

Entrapment 

efficiency 

(%±SE)  

Zeta 

potential 

(mV±SE)  

NS1  3:5:1  502.5±49.95  0.5  14.09±0.56  -39.7±0.961  

NS2  3:1:5  381.4±91.32  0.6  62.50±15.01  -36.3±0.945  

NS3  3:1:2  516.6±12.96  0.5  63.42±18.29  -43.2±0.500  

NS4  3:2:1  590.8±79.91  0.6  57.38±17.45  -37.3±0.416  

NS5  3:1:1  187.6±19.11  0.3  96.07±1.82  -39.3±0.862  
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Table 4: PIK75 Cmax, AUC0-4, MRT values in plasma and tissues after i.p administration of 10 

mg/kg PIK75 suspension and PIK75-NS 

Plasma/ 

Tissues  

PIK75 

suspension 

Cmax (µg/ml)  

PIK75 

suspension 

AUC0-4(µg.h/ml)  

PIK75 

suspension 

MRT (h)  

PIK75-NS 

Cmax 

(µg/ml)  

PIK75-NS 

AUC0-4 

(µg.h/ml)  

PIK75-NS 

MRT (h)  

Plasma 3.7±0.4 8.1±0.9 1.1±0.5 3.6±2.2 7.3±0.5 1.3±0.6 

Liver  77.0±30.3  155.0±77.4  1.7±0.6  41.0±12.3  96.0±32.9  1.6±0.3  

Kidney  134.0±60.5  184.0±31.2  0.9±0.1  63.0±5.1  56.0±19.7  1.3±0.4  

Heart  51.0±38.1  57.0±29.4  0.9±0.8  13.0±9.3  23.0±4.6  1.1±0.07  

Lungs  53.0±19.3  67.0±17.6  0.9±0.1  42.0±8.6  46.0±28.2  1.7±0.8  

Brain  14.0±8.0  32.0±29.0  1.1±0.3  7.0±1.4  5.0±1.3  1.0±0.1  

 

 

 



  

Figure 1

http://ees.elsevier.com/ejps/download.aspx?id=138965&guid=7e352aca-4fc9-448c-8eaf-198498c9b6ac&scheme=1


  

Figure 2

http://ees.elsevier.com/ejps/download.aspx?id=138966&guid=a504bd74-12e8-406b-a85d-e749a6b2f442&scheme=1


  

Figure 3

http://ees.elsevier.com/ejps/download.aspx?id=138967&guid=5e612932-5f17-493a-8985-cc9580dd0b7b&scheme=1


  

Figure 4

http://ees.elsevier.com/ejps/download.aspx?id=138968&guid=8599504a-2343-4ce7-9be5-732e4d93a0f1&scheme=1


  

Figure 5

http://ees.elsevier.com/ejps/download.aspx?id=138969&guid=d88ac99e-bd00-43d8-853d-b9e46b1db93e&scheme=1


  

Figure 6

http://ees.elsevier.com/ejps/download.aspx?id=138970&guid=fcccbce9-2c3f-48de-8eea-e6548ee3d574&scheme=1


  

Figure 7

http://ees.elsevier.com/ejps/download.aspx?id=138971&guid=ccef3ca8-6d8d-4285-91ac-bdbd292fab9d&scheme=1


  

Figure 8

http://ees.elsevier.com/ejps/download.aspx?id=138972&guid=539112a7-d4f5-49ad-b372-344ff1840a9d&scheme=1


  




