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Abstract 16 

Pomalidomide (POM) is an FDA-approved immunomodulatory imide drug (IMiDs) an it is effectively used in the 17 

treatment of multiple myeloma. IMiDs are analogs of the drug thalidomide and they have been repurposed for the 18 

treatment of several diseases such as psoriatic arthritis and Kaposi Sarcoma. In recent years, IMiDs have been also 19 

evaluated as a new treatment for neurological disorders with an inflammatory and neuroinflammatory component. POM 20 

draws particular interest for its potent anti-TNF-α activity at significantly lower concentrations than the parent compound 21 

thalidomide. However, POM’s low water solubility underpins its low gastrointestinal permeability resulting in irregular 22 

and poor absorption. The purpose of this work was to prepare a POM nanocrystal-based formulation that could efficiently 23 

improve POM’s plasma and brain concentration after intraperitoneal injection. POM nanocrystals prepared as a 24 

nanosuspension by the media milling method showed a mean diameter of 219 nm and a polydispersity index of 0.21. 25 

POM’s nanocrystal solubility value (22.97 µg/mL) in phosphate buffer was about 1.58 folds higher than the POM raw 26 

powder. Finally, in vivo studies conducted in adult Male Sprague-Dawley rats indicated that POM nanocrystal ensured 27 

higher and longer-lasting drug levels in plasma and brain when compared with POM coarse suspension. 28 
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1. Introduction 38 

Immunomodulatory imide drugs (IMiDs) are analogs of the drug thalidomide, and have been repurposed for the treatment 39 

of several diseases such as multiple myeloma, psoriatic arthritis and Kaposi Sarcoma (Bristol Myers Squibb, 2020). In 40 

recent years, IMiDs have been evaluated as a new treatment strategy neurological disorders with an inflammatory and 41 

neuroinflammatory component, based on the pleiotropic action of this drug class that include potent anti-inflammatory 42 

effects consequent to their ability to inhibit the production of proinflammatory cytokines. Chronic neuroinflammation is 43 

a feature shared across neurological disorders, being a pivotal mechanism of neurodegeneration in Parkinson’s disease 44 

(PD) and in Alzheimer disease (AD), but also heavily involved in the pathophysiology of psychiatric disorders (Beurel et 45 

al., 2020; Jung et al., 2021). Pathological glial cell activation, involving both microglia and astroglia, is sustained by 46 

inflammatory cytokines overproduced by the microglia itself, creating and subsequently driving a powerful self-47 

destructive cycle that lead to neuronal dysfunction or neurotoxicity across neurodegenerative diseases (Kuter et al., 2020).   48 

Among IMiDs, Pomalidomide (POM) is a third generation FDA-approved and clinically available drug (Pomalyst) widely 49 

used and effective in the treatment of multiple myeloma (Siegel et al., 2020). POM draws particular interest for its potent 50 

anti-TNF-α activity at significantly lower concentrations than the parent compound thalidomide (Mahony et al., 2013), 51 

and is associated with less adverse effects in relation to teratogenic, anti-angiogenic and neurotoxic activity in animal 52 

models (Mahony et al., 2013; Vargesson et al., 2013). The inhibition of TNF-α production occurs via posttranslational 53 

mechanisms, leading to the downregulation of the inflammatory cascade (Chanan-Khan et al., 2013; Moreira, 1993; 54 

Sampaio et al., 1991; Terpos et al., 2013; Tweedie et al., 2011). POM was reported to suppress inflammation-induced 55 

neuronal injury in cells and animal models of neurological diseases and cellular stress (Wang et al. 2016; Tsai et al. 2018, 56 

2019; Lin et al., 2020). Moreover, a recent study demonstrated the neuroprotective efficacy of POM in the drosophila 57 

LRRK2 genetic model of PD (Casu et al., 2020; Dues and Moore, 2020), and the disease-modifying properties of POM 58 

have been observed in the α-synuclein-based neuropathological model of PD in rat (Palmas et al., in preparation) as well 59 

as rats challenged with traumatic brain injury (Lin et al., 2020).  60 

In relation to the use of IMiDs in neurological disorders, most molecules of this class show high CNS MPO 61 

(multiparameter optimization) scores, which provides a quantitative prediction of drug blood-brain barrier (BBB) 62 

permeability/uptake (Jung et al., 2019; Wager et al., 2010). Specifically, POM has a favorable brain uptake in rats and 63 

mice, achieving a brain/plasma concentration ratio in the range of 0.39 to 0.71 (Jiang et al. 2014; European Medicines 64 

Agency 2019; Tsai et al. 2019), which positions this drug as a high choice compound in the IMiD drug class for 65 

repositioning in neurological disorders. 66 
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On the other hand, the favorable CNS MPO score and  brain partitioning contrasts with POM’s low water solubility and 67 

lipophilicity, which are independent of pH, and underpin its low gastrointestinal permeability (putting it in class IV of the 68 

BCS (Biopharmaceutics Classification System) for drug administration) (Amidon et al., 1995), resulting in irregular and 69 

poor absorption. Indeed, an assessment of POM’s oral bioavailability in rats and monkeys at a dose of 100 mg/kg provided 70 

a low value of 13% to 15%, which dramatically contrasts with a high bioavailability of approximately 100% when 71 

administered at a 2 mg/kg dose in monkeys (European Medicines Agency 2019), clearly signifying that absorption is 72 

solubility limited. For this drug class an improvement in dissolution rate and solubility is hence a key parameter to 73 

ameliorate drug gastrointestinal adsorption inadequacies (Ghadi and Dand, 2017). Among all the formulation strategies 74 

developed in attempts to improve bioavailability of BCS class IV drugs, the crystal nanosizing process represents one of 75 

the most efficient approaches (Lai et al., 2018; Wang et al., 2021). The nanocrystals obtained with this process have been 76 

defined as crystals of pure drug with a mean diameter below 1 micron (Müller et al., 2001). They are prepared as a 77 

dispersion in water and/or water-miscible solvent and stabilized using ionic, non-ionic surfactant or polymer (Müller and 78 

Peters, 1998). The large surface area of nanocrystals enhances both drug dissolution and drug saturation solubility and, 79 

thereby, promotes adsorption and bioavailability (Corrias et al., 2017; Gao et al., 2013; Manca et al., 2020).  80 

The purpose of this work was to prepare a POM nanocrystal-based formulation (POM-NS) that could efficiently improve 81 

POM’s plasma and brain concentration after intraperitoneal injection. Intraperitoneal drug administration is amongst the 82 

common routes used for toxicological studies in rodent. Here, we decided to use the intraperitoneal route in order to 83 

mimic the oral administration as regard to portal adsorption and first-pass liver metabolism, yet assuring a homogeneous 84 

interindividual bioavailability as compared to oral intake (Hoffmann et al., 2013; Lukas et al., 1971). POM-NS was 85 

prepared as a nanosuspension by a top down – media milling method using Polysorbate 80 as stabilizer. The nanocrystal 86 

mean size, size distribution and zeta potential were determined by dynamic light scattering on the day of preparation and 87 

during a stability test period of two months. Solubility and dissolution studies were carried out at 37 °C in phosphate 88 

buffer solution (PBS) with a pH of 7.4 to simulate the peritoneal conditions. The morphology of the formulations was 89 

assayed by Scanning Electron Microscopy (SEM). Finally, in vivo studies were conducted in adult Male Sprague-Dawley 90 

rats to evaluate the POM plasma and brain concentrations after intraperitoneal administration of POM-NS using a 91 

suspension of the raw drug (POM-CMCS) as a reference formulation. 92 

 93 

 94 

https://www.wordreference.com/enit/homogeneous
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2. Materials and Methods 95 

 96 

Materials 97 

Polysorbate 80 (Tween 80) was purchased from Galeno (Comeana, Italy). Acetonitrile, DMSO and all the other products 98 

were supplied by Sigma Aldrich (Milan, Italy).  99 

 100 

Animals  101 

Male Sprague-Dawley (Envigo, Italy) rats (275-300 g), housed in groups of four, were acclimatised at 21 ± 1°C; 60% on 102 

a 12 h light/dark cycle (lights on at 7:00 a.m.). All experimental procedures complied with the ARRIVE guidelines and 103 

were in accordance with the guidelines and protocols approved by the European Community (2010/63UE L 276 104 

20/10/2010). Experimental protocols were approved by the Ministry of Health, Autorization n° 766/2020-PR (D.lgs. 105 

26/2014). 106 

 107 

Synthesis of POM  108 

Pomalidomide (4-amino-2-(2,6-dioxopiperidin-3-yl) isoindole-1,3-dione) was generated via a two-step synthetic scheme. 109 

Initially, 3-aminopiperidine-2,6-dione was condensed with 3-nitrophthalic anhydride in refluxing acetic acid. Sequential 110 

precipitation over ice water (0°C) provided the resultant nitro-thalidomide as a grey-purple solid. Subsequent hydrogenation 111 

over a palladium catalyst provided POM. Finally, POM was recrystallized from DMSO and water. The resulting isolated POM 112 

crystals were thereafter washed in water and then further dried under vacuum to give a yellow powder. The compound was 113 

structurally characterized by 1H and 13C NMR (spectra reported in Supporting Material). LC/MS and HRMS were performed to 114 

further confirm the chromatographic signatures and molecular formula. Elemental analysis confirmed a minimum 95% purity. 115 

 116 

Preparation and Characterization of POM Nanosuspensions (POM-NS) 117 

POM nanosuspension (POM-NS) was prepared using the Wet media milling technique. The bulk drug (1.5%) was 118 

dispersed in an aqueous solution of Tween 80 (0.75%) and vortexed for 7 min. The obtained suspension was then placed 119 

in 5 eppendorf microtubes containing 0.4 g of 0.1–0.2 mm yttrium-stabilized zirconia-silica beads (Silibeads® Typ ZY 120 

Sigmund Lindner, Germany). The microtubes were oscillated at 3000 rpm for 45 min using a beads-milling cell disruptor 121 

equipment (Disruptor Genie®, Scientific Industries, USA). The obtained nanosuspension was collected from each 122 

microtube and sieved to separate the zirconia-silica beads. The nanosuspension was then characterised by dynamic light 123 

scattering (DLS) using a Zetasizer nano (Malvern Instruments, Worcestershire, UK) to allow determination of the size 124 

(mean diameter) and polydispersity index (PDI), a measure of the size distribution width. Zeta potential was measured 125 
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using the Zetasizer nano by employing the M3-PALS (Phase Analysis Light Scattering) technique. Immediately prior to 126 

analysis, POM nanosuspension was diluted with bi-distilled water (1:100). A long-term stability study of POM-NS stored 127 

at room temperature was performed by monitoring mean diameter, PDI and Zeta potential for 60 days. 128 

 129 

Solid state characterization 130 

ATR-FT-IR spectra were acquired with a Perkin Elmer Spectrum One FT-IR (Perkin Elmer, Waltham, MA, USA), 131 

equipped with a Perkin Elmer Universal ATR sampling accessory consisting of a diamond crystal. Analyses were 132 

performed in a spectral region between 4000 and 650 cm-1 and analysed by transmittance technique with 28 scansions 133 

and 4 cm-1 resolution. 134 

Differential Scanning Calorimetry analyses were performed to characterize the thermal behavior of POM and 135 

corresponding nanosuspension using a Perkin Elmer DSC 6 Waltham, MA, USA. All experiments were conducted at a 136 

heating rate of 10 °C/min up to 350 °C in a nitrogen atmosphere purging nitrogen at a flow rate of 20 mL/min. Samples 137 

(2-3 mg) were hermetically sealed in an aluminum pan and a control empty pan subjected to the same heating conditions 138 

was used as reference. 139 

The XRPD analyses were performed with a Rigaku MiniFlex diffractometer by using a CuKα radiation detector (λ = 140 

1.54056 Å) as source of X-rays. The voltage and current were of 30 kV and 15 mA, respectively. Measurements were 141 

undertaken at scan angular speed of 2 °C/min, and a scan step time of 2.00 s in the range from 3° to 60 °C. The 142 

diffractograms are expressed as peak intensity versus 2θ. 143 

 144 

Preparation of POM coarse suspension (POM-CMCS) 145 

Drug coarse suspension (1.5%) was obtained by dispersing bulk POM in a 1% carboxy methyl cellulose (CMC) solution. 146 

The dispersion was homogenised by using an Ultra Turrax T25 basic (IKA, Werke) for 5 min at 6500 rpm. 147 

 148 

Scanning Electron Microscopy 149 

The morphology of nanocrystals and bulk POM was evaluated using Scanning Electron Microscopy (SEM). Bulk POM 150 

was mounted on an aluminium stub with carbon adhesive discs and coated with gold in an Agar Automatic Sputter Coater 151 

B7341, and examined with an environmental scanning electron microscopy (Zeiss EVO LS 10, Oberkochen, Germany) 152 

operating at 20 Kv, in hight vacuum mode with a secondary electron detector (SEI). For the nanocrystals SEM 153 

morphologic investigation, a drop of POM nanosuspension was placed on a slide and air dried, coated with gold in an 154 

Agar Automatic Sputter Coater B7341 and examined with the same instrument at 20 Kv, in hight vacuum mode with SEI. 155 

 156 
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Solubility Studies 157 

POM solubility was measured at 37 °C in phosphate buffer solution (PBS) with a pH of 7.4 to simulate the peritoneal 158 

conditions. An excess of POM raw powder, POM coarse suspension or POM nanosuspension (n = 3) were kept under 159 

constant stirring for 72 h at 37°C. Samples were withdrawn and centrifuged at 15,000 rpm for 60 min; the supernatant 160 

was centrifuged again at 15,000 rpm for 20 min. Then, a known amount of the clear supernatant was withdrawn and 161 

diluted with CH3CN:DMSO (50:50) for HPLC analysis. 162 

 163 

Dissolution Studies 164 

POM dissolution experiments were carried out at 37 °C in phosphate buffer solution (PBS) with a pH of 7.4. 1.5 mg of 165 

POM as bulk powder or POM-NS or a coarse crystals suspension were added to 100 mL of PBS at 37 °C. The release 166 

cells were constantly stirred using a magnetic stirrer and kept at 37 °C throughout the study. The amount of POM and the 167 

PBS volume were calculated in order to avoid the saturation of the release medium. At regular time intervals, a 2 mL 168 

volume was withdrawn and immediately centrifuged at 15000 rpm for 20 minutes in order to separate the undissolved 169 

POM. The supernatant was then analyzed by HPLC for POM quantification. 170 

 171 

Pomalidomide HPLC Quantification 172 

POM content was determined at an excitation wavelength of 235 nm and an emission wavelength of 472 nm using a 173 

chromatograph Alliance 2690 (Waters, Italy) equipped with a multi λ fluorescence detector and computer integrating 174 

software (Empower 3). The column was a X Terra RP18 (3.5 μm, 4.6 mm × 100 mm, Waters), and the mobile phase was 175 

a mixture of water: ACN: Acetic acid =20: 84.5: 0.5, eluted at a flow rate of 0.7 mL/min, RT= 1.65 min. A standard 176 

calibration curve was generated by using standard solutions. Calibration graphs were plotted according to the linear 177 

regression analysis, which gave a correlation coefficient value (R2) of 0.999. The limit of quantification (LOQ) of POM 178 

was 1pg, the limit of detection (LOD) was 0.01pg. 179 

 180 

Pharmacological treatments 181 

Rats were randomly divided into 10 groups (3 rats per group) and were i.p. injected with a single dose of POM-NS (20 182 

mg/kg) or POM-CMCS (20 mg/kg). After treatment, the animals were deeply anesthetized and sacrificed by decapitation 183 

after 30 min, 2, 6, 24 and 48 h to collect blood and brain samples. These were immediately frozen and stored at -80oC 184 

prior to analyses. 185 

 186 
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Preparation of blood samples for Pomalidomide HPLC analyses  187 

Heparinized plasma samples (600µL) were treated with a mixture of ACN/DMSO 50% (600µL). The mixture was 188 

vortexed for 2 min and then centrifuged for 25 min at 15000 rpm at 4°C. The supernatant was separated from the pellet 189 

and placed in tubes for HPLC analysis. 190 

 191 

Preparation of brain samples for Pomalidomide HPLC analyses 192 

The brain of each rat was thawed, carefully weighed and shredded in a mortar with the help of a pestle to homogenize the 193 

samples. Homogenates were treated with a mixture of ACN/ DMSO 50% (5 mL) and collected in a tube. Samples were 194 

vortexed for 30 min, using an ice bath to avoid overheating, and then divided into five Eppendorf tubes. Samples were 195 

then centrifugated for 25 min at 15000 rpm (4°C) and the supernatant was recovered in tubes for HPLC analysis. 196 

 197 

Pharmacokinetic Analysis 198 

Pharmacokinetic parameters (PK) were determined using the PK-Solver software (in the non-compartmental analysis 199 

mode) and the POM mean plasma concentration (n = 3 determinations at each time point) after a single i.p. administration 200 

of POM-NS or POM-CMCS. The elimination half-life (T1/2) was determined as 0.693/ elimination rate constant, whereas 201 

the AUC0–∞ (the total area under the drug plasma concentration–time curve) was calculated using the trapezoidal method. 202 

 203 

Statistical Analysis of Data 204 

Results are expressed as the mean ± standard deviation, and significance was tested at the 0.01 or 0.05 level of probability 205 

(p). For POM plasma and brain levels, analysis of variance (one way-ANOVA) followed by post-hoc Bonferroni 206 

correction were used to substantiate statistical differences between groups using XLSTAT for Excel. 207 

 208 

 209 

 210 

 211 

 212 

 213 

 214 

 215 

 216 
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3. Results 217 

 218 

Characterization of POM Nanosuspensions 219 

In this work, aiming at improving the bioavailability of POM after intraperitoneal injection in rats, POM nanosuspension 220 

(POM-NS) was prepared using the wet media milling technique and was stabilized with the non-ionic surfactant Tween 221 

80 (0.75%, Table 1). Freshly prepared POM-NS shows a mean diameter of 219 nm and a polydispersity index (PDI) of 222 

0.21, demonstrating a relatively narrow size distribution (Table 1). The strongly negative zeta potential value (-43 mV) 223 

should ensure POM-NS stability against aggregation phenomena across time. 224 

A long-term POM-NS stability study was performed for 60 days, monitoring the variations in size, PDI, and Zeta Potential 225 

of nanocrystals stored at 25 °C (Figure 1). As shown in Figure 1, no appreciable variation in size and PDI was observed 226 

during the monitoring time. Only at day 14 and 21 a slightly increase of the nanocrystals mean diameter and PDI was 227 

evident. Furthermore, during 60 days of storage, the POM-NS Zeta Potential remained strongly negative (-45/-50mV).  228 

 229 

Table 1. Composition and characterization of POM-NS at the day of preparation. 230 

 231 

POM-NS composition Characterization 

Component 
% 

(w/w) 

Mean 

diameter 

(nm) 

PDI 

Zeta 

Potential 

(mV) 

Pomalidomide 1.5 

219±2 0.21±0.02 -43 mV±1 Tween 80 

 

0.75 

 

Water 97.75 

 232 
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 233 

Figure 1. Mean diameter, polydispersity index (PDI) and Zeta Potential of POM-NS during 60 days of storage at 25°C. Results are 234 

expressed as means of three independent measurements ± standard deviation.  235 

 236 

 237 

Scanning Electron Microscopy 238 

SEM micrographs were performed to investigate both the morphology and the size of bulk POM powder and POM-NS 239 

(Figure 2 A-D). POM bulk powder appears as clusters of irregular large crystals, with heterogeneous dimensions that can 240 

exceed 5 µm. In contrast, POM-NS revealed a definite multifaceted structure, and a regular and homogeneous 241 

arrangement. Moreover, SEM analyses confirmed that the mean diameter of nanocrystals is comparable to that measured 242 

by dynamic light scattering. 243 

 244 

 245 

 246 

 247 
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 248 

 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 

 258 

 259 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

Figure 2. SEM micrographs showing the morphology and the size of bulk POM powder (A) and POM-NS (B, C and D). 270 

 271 

 272 

DSC analyses 273 

DSC thermograms of POM and the corresponding lyophilized nanosuspension powder, are shown in Fig.3 . The DSC 274 

trace of raw POM (Fig. 3a) showed a sharp peak at 313.98 °C which corresponds to the drug melting point with a fusion 275 

enthalpy ΔHm = 147.12 J/g. The presence of a sharp peak indicates the crystalline nature of the drug. In the 276 

nanosuspension thermogram (Fig. 3b) two endothermic peaks are shown at 116 ° and 307 °C which correspond to the 277 

tween 80 flash point (Pramod et al., 2015), and to the crystalline POM melting event, respectively. The POM endotherm 278 

is slightly shifted towards a lower temperature, possibly due to the drug’s small particle size in the nanocrystalline 279 

suspension, dissolution of the drug in the stabilizer during the DSC run, or strong interaction between the drug and the 280 

stabilizer, as also suggested by the decreased enthalpy of POM in the formulation. 281 

 282 

A B 

C D 
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 288 

 289 
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Figure 3. DSC Pomalidomide (a) and ns Pomalidomide (b) 291 

 292 

ATR-FTIR  293 

Figure 4 presents the ATR Infrared spectrum superimposition of POM, tween 80 and POM-NS. The superimposition 294 

revealed the lack of appearance of new peaks and the lack of disappearance of existing peaks, indicating that the drug and 295 

the stabilizer do not interact with each other. 296 

In fact, in the lyophilized nanosuspension spectrum were identified the POM NH2 at 3481 and 3377 cm-1, the H-C= and 297 

H-C- stretchings at 3113, 2984, 2898 respectively, the C=O stretchings at 1751, 1726, 1691 and 1632, the C=C bands at 298 

1594 and 1477, the C-N and C-O vibrations at 1408, 1358, 1320 cm-1. Furthermore, some tween 80 signals at 2859 (CH2-299 

stretching), and around 1100 (C-O-stretching), are detectable.  300 

 301 

  302 

 303 

 304 

 305 

 306 

 307 

 308 

  309 

 310 

 311 

 312 

 313 

Figure 4: ATR-FTIR POM (a), Tween 80 (b) and POM-NS (c) . 314 

a 

c 
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 315 

XRPD 316 

The XRPD spectra of bulk POM powder and POM-NS are shown in Figure A of Supporting Material. In agreement with 317 

literature data (Szabó et al., 2021) the sharp diffraction peaks of bulk POM powder at 12.3, 14.1, 16.9, 17.3, 18.3, 24.3, 318 

24.7, 25.6, and 28.0 2ϑ indicate its crystalline nature. Also in the POM-NS diffractogram the characteristic peaks of POM 319 

are clearly evident, thus suggesting that its crystal pattern is not affected by the formulation process. However, the 320 

decreased peak intensity showed in figure, should be due to the particles size reduction to the nanometer range. 321 

 322 

 323 

 324 

Solubility Studies 325 

As shown in the Figure 5, the solubility of POM as a raw powder was 14.53 ± 0.41 µg/mL. Interestingly, the formulation 326 

of the coarse suspension with the same drug/surfactant ratio of the nanosuspension, did not lead to an increase of POM 327 

solubility, which resulted to be 13.02 ± 1.33 µg/mL. On the other hand, POM-NS showed a solubility value of 22.97 ± 328 

4.03 µg/mL, which was 1.58 folds higher than the raw powder. Therefore, these results demonstrate that POM solubility 329 

is not enhanced by the action of the surfactant, but mostly by the nanosizing of the particles, in accordance with the 330 

Freundlich-Ostwald equation (Müller and Peters, 1998). 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

Figure 5. Solubility of raw POM, POM coarse suspension and POM nanosuspension (POM-NS) in phosphate buffer solution at 37 °C. 342 
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Dissolution Studies 344 

POM dissolution studies were performed at 37 °C in phosphate buffer solution with a pH of 7.4 to simulate the peritoneal 345 

conditions. Results reported in Figure 6 show an immediate and rapid dissolution of POM nanocrystals (POM-NS). 346 

Indeed, 90% of POM dissolved in the release medium as early as 1 minute. After some 3 minutes 100% of POM was in 347 

solution. On the contrary, total dissolution of POM as a coarse suspension (POM-CMCS) was reached only after 6 h. The 348 

dissolution rate of the raw drug was even slower than that of POM-CMCS, as after 8 h only 38% of raw POM dissolved 349 

into the buffer solution. This slow dissolution of POM, whether as the raw drug or as a coarse suspension, is in line with 350 

the recent studies of Szabó et al. (Szabó et al. 2021), who similarly demonstrated slow dissolution into both Britton-351 

Robinson buffer at pH 7.0 and simulated gastric fluid at pH 1.6. The substantial increase in the the solubility of POM 352 

formulated as nanosuspension and its immediate dissolution clearly indicates that nanosizing may increase the POM 353 

absorption rate and, therefore, the bioavailability after i.p. administration (Gao et al., 2013; Lai et al., 2018). To 354 

quantitatively evaluate this, studies were performed in rats. 355 

 356 

 357 

 358 

 359 

 360 

 361 

 362 

 363 

 364 

 365 

 366 

 367 

 368 

Figure 6. Dissolution profiles of raw POM, POM coarse suspension and POM nanosuspension (POM-NS). 369 
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In vivo studies 376 

In vivo studies were conducted in adult Male Sprague-Dawley rats after a single i.p. administration of the same POM dose 377 

in different formulations (POM-NS or POM-CMCS). POM is typically taken by patients via oral formulations; however, 378 

as previously stated, we decided to use the intraperitoneal route in order to mimic the oral administration with regard to 379 

portal adsorption and first-pass liver metabolism, yet assuring a homogeneous interindividual bioavailability as compared 380 

to the oral intake (Hoffmann et al., 2013; Lukas et al., 1971). Plasma POM levels were measured at progressive time-381 

points (0.5, 2, 6, 24 and 48 h, Figure 7A) and the PK-Solver software was used to calculate the POM pharmacokinetic 382 

parameters (Table 2). Figure 7A shows the plasma drug concentration/time curve for POM-NS or POM-CMCS.  As 383 

reported in the Figure, HPLC measurement of the drug showed a peak concentration in plasma of 3.73±0.47 μg/ml at 0.5 384 

h after intraperitoneal administration of POM-NS, that was increased to 4.09 μg/ml and moved up to 0.13 h after PK-385 

Solver calculation. Drug levels were still elevated 2 h after administration (2.40±0.19 μg/ml) and remained detectable 386 

after 6 h, to be fully cleared from blood circulation at 24 h. Whereas POM-CMCS displayed a similar time-course, the 387 

achieved plasma concentration was always lower as compared to that measured after the POM-NS administration. Indeed, 388 

a peak plasma concentration of 2.29±0.56 μg/ml was reached 0.5 h after POM-CMCS administration based on HPLC 389 

measurement, increased to 3.06 μg/ml after 0.18 h as recalculated by the PK-Solver analysis. Moreover, analysis of the 390 

time-dependent concentration curves showed that POM was cleared more rapidly from blood when administered as a 391 

coarse suspension, as drug levels were almost undetectable after 6 h. As a consequence, the POM elimination half-life 392 

(t1/2) obtained after the administration of POM-CMCS (t1/2= 0.59 h) was extended to 2.45 h when POM was administered 393 

as nanosuspension (Table 2). The AUC0–∞ values of POM-NS (15.02 μg/ml*h) and POM-CMCS (3.24 μg/ml*h), 394 

calculated via the PK-Solver software, clearly indicate that the amount and rate of absorption of POM molecules from 395 

the peritoneal cavity were significantly higher when the nanosuspension form of the agent was administered. This 396 

difference specifically related to the nanosizing process that provided an increased solubility and dissolution rate of POM 397 

nanocrystal, as compared to the coarse crystals of the POM-CMCS. 398 

 399 

 400 

 401 

 402 

 403 

 404 

https://www.wordreference.com/enit/homogeneous
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 407 

 408 

 409 

 410 

 411 

 412 

 413 

 414 

Table 2. POM PK parameters after a single i.p. administration (20 mg/kg) of POM-NS and POM-CMCS in rats. t1/2 (Elimination half-415 

life); Tmax (Time to reach maximum blood concentration); Cmax (Maximum blood concentration); Vss (Apparent volume of distribution 416 

at steady state); CL (Apparent clearance); AUC0–∞ (the total area under the drug plasma concentration–time curve). 417 
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 432 
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 434 
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 437 

 438 
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 440 

 441 

Figure 7. Plasma (A) and brain (B) POM concentration after i.p. administration of POM-NS and POM-CMC coarse suspension at 442 

increasing time points (0.5, 2, 6, 24 and 48h). Statistical analysis of the data shown in Figure 7A indicates that the concentrations of 443 

POM reached in plasma after the administration of POM-NS at the different time points (0.5, 2, 6 h) are statistically significantly 444 

different from the concentrations detected after administration of the POM-CMC (0.5 h: p <0.05; other times points: p <0.01). Similarly, 445 

brain concentrations measured after administration of POM-NS (Figure 7B) are significantly different from those determined after 446 

administration of CMC POM (0.5 hours: p <0.05, other time points: p <0.01). 447 

 

 
 POM-NS 

POM-

CMCS 

t1/2 (h) 2.45±0.32 0.59±0.12 

Vss (L/kg) 4.69±1.05 5.26±1.15 

CL (L/Kg/h) 1.32±0.24 6.16±1.89 

Tmax (h) 0.13±0.03 0.18±0.02 

Cmax (μg/ml) 4.09±1.15 3.06±0.86 

AUC 0-inf 

(μg/ml*h) 
15.02±2.03 3.24±0.24 
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Moreover, in compliance with our final aim of accomplishing a drug formulation which may improve the brain 448 

bioavailability of POM for repurposing this drug in neurological disorders, the drug brain concentration in rats treated 449 

with POM-NS and POM-CMCS was determined. 450 

In Figure 7B the concentration/time curve in the brain for POM-NS or POM-CMCS are reported. In line with the plasma 451 

levels, the administration of POM-NS led to higher brain concentrations as compared to POM-CMCS at each time point. 452 

After 0.5 h, the drug concentration in brain tissue for POM-NS was 0.90 μg/ml, a value three-fold higher than that of the 453 

coarse suspension (0.29 μg/ml). Furthermore, POM administered as a nanosuspension reached a peak brain level of 1.49 454 

μg/ml after 2 h and, thereafter, was slowly and fully cleared by 48 h. In contrast, the coarse suspension generated a lower 455 

peak concentration (0.29 μg/ml), which rapidly decreased leading to full drug clearance after 24 h. 456 

Notably, at 6 h following POM-NS administration brain drug levels were similar to concomitant plasma ones and were 457 

substantially greater than those in plasma at 24 h (Figure 8). This reflects a slower brain clearance with respect to the 458 

blood clearance for POM-NS, suggesting some accumulation of POM within brain tissue, in accord with its lipophilicity. 459 

 460 

 461 

 462 

 463 

 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 

 479 

 480 

Figure 8.  Plasma and brain POM concentration after i.p. administration of POM-NS (A) and POM-CMCS (B) at increasing time 481 

points (0.5, 2, 6, 24 h) and corresponding POM brain /plasma ratio.  The asterisks indicate statistically significant data (* = p < 0.05), 482 

ns indicates no significant difference (p > 0.05). 483 
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4. Conclusions 484 

The present study proposes the nanosizing process of the immunomodulatory imide drug Pomalidomide as an efficient 485 

strategy to improve the drug water solubility and consequently the bioavailability after an intraperitoneal administration. 486 

POM nanocrystals ensured increased plasma and brain levels when compared with POM coarse suspension. Specifically, 487 

both the higher and longer-lasting drug levels measured into the brain when POM is formulated as a nanosuspension are 488 

pivotal features that, together with the favorable toxicological aspects, position this drug among first choice compounds 489 

in the IMiDs class for repositioning in neurological disorders. 490 
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