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Abstract 
Talazoparib is a highly potent PARP-trapping agent shown to be effective in the treatment of triple negative breast cancer 
with mutations in the BRCA genes, although its poorly aqueous solubility and haematological toxicity are two factors that 
restrict its use. We aimed to develop Talazoparib-loaded lipid–polymer hybrid nanoparticles (L-PNPs) and optimise them 
by quality by design (QbD). L-PNPs were prepared from using the nanoprecipitation method of Corbion PURASORB® 
PDLG 5002A, soya lecithin and Poloxamer 188. The Box–Behnken design (15 runs) with three factors and three levels 
was used to evaluate particle size, polydispersity index (PDI) and entrapment efficiency (EE) of the particle size 
production. Dynamic Light scattering, Zeta Potential, SEM, FTIR, drug content and in vitro release (dialysis bag method 
and Phosphate buffered saline pH 7.4) along with MTT-assay performed on MDA-MB-231 cells were used for 
characterisation of the optimised formulation (R17). No new peak appearance or shift were found by FTIR, which would 
suggest any chemical interaction. The particlesize was significantly affected by the amount of polymer (PDLG) (p = 
0.0005) and PDI and EE were significantly created impact by the amount of lipid (p = 0.0055 and 0.0058, respectively). 
R17 (PDLG 30.00 mg, lecithin 29.56 mg, Poloxamer 188 50.00 mg) had a Z-average size of 127.3 nm, PDI 0.379, zeta 
potential −21.3 mV, EE 89.75 % and drug content 96.25 %. Experimental values differed from predictions by −22.3 % 
(size), −27.0 % (PDI) and −8.0 % (EE). Release dose from 7.5 % at 1 h to 87.0 % at 8 h, and was best described by the 
Korsmeyer–Peppas model (R² = 0.9514, n = 1.285). After 24 h, IC₅₀ values were 2.870 µM for R17 and 8.456 µM for free 
Talazoparib. A Talazoparib L-PNP with a particle size of approximately 130 nm and good entrapment was acquired. The 
optimisation models were almost predictive and there was no drug-free carrier control, so additional research is required 
before the lower IC₅₀ can be alone credited to the delivery of nanoparticles. 
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1. Introduction 
Triple-negative breast cancer (TNBC) lacks expression 
of the oestrogen receptor, progesterone receptor and 
HER2. It accounts for about 10–20 % of breast cancers 
and has an aggressive course, so endocrine and HER2-
directed therapies are not effective.[1] 
Chemotherapy with anthracyclines, taxanes and platinum 
agents remains the challenge of treatment, and a 
pathological complete response after neoadjuvant 
therapy is associated with better long-term survival.[2] 
Adding the immune checkpoint inhibitor pembrolizumab 
to chemotherapy improved survival in early-stage 
disease,[2] and the antibody–drug conjugate Sacituzumab 
govitecan improved outcomes in metastatic disease.[3] 

These options are limited by systemic toxicity, resistance 
and cost, and targeted therapy is therefore needed. 

For patients with germline BRCA1/2 mutations, 
poly(ADP-ribose) polymerase (PARP) inhibitors exploit 
a defect in homologous-recombination repair. Olaparib 
was effective in the OlympiAD trial,[4] and Talazoparib 
(BMN 673) is a highly potent PARP1/2 inhibitor[5] and, 
among the approved PARP inhibitors, the most potent at 
trapping PARP on DNA;[6] it prolonged progression-free 
survival compared with standard chemotherapy in the 
EMBRACA trial (median 8.6 vs 5.6 months).[7,8] 
The clinical use of Talazoparib is nevertheless limited by 
dose-related haematological toxicity,[6] and, as shown 
here, by its very low aqueous solubility. Encapsulation in 
a nanocarrier could improve the apparent solubility and 
change the exposure of the drug, and nanoparticles can 
accumulate in tumours through the enhanced 



 
 

Quality-by-Design Optimisation of Talazoparib-Loaded Lipid–Polymer Hybrid Nanoparticles Using a Box–Behnken 
Design: Preparation, Characterisation, In-Vitro Release and Cytotoxicity in MDA-MB-231 Cells 

 IJDDT Volume 16 Issue 88s 2026 Page: 1986 

permeability and retention effect.[9] Two Talazoparib 
nanoformulations have been reported, a nanoemulsion 
for parenteral use and Talazoparib nanoparticles for 
overcoming multidrug resistance in TNBC cells.[10,11] 
Lipid–polymer hybrid nanoparticles (L-PNPs) combine a 
biodegradable polymeric core, which holds the drug and 
sustained release, with a phospholipid layer that 
improves biocompatibility and stability.[12–14] Hybrid 
systems of this kind have been optimised for several 
drugs.[15–18] Quality by design (QbD), as described in 
ICH Q8(R2), links formulation variables to critical 
quality attributes through designed experiments and is 
increasingly applied to nanomedicines.[19–21] To our 
knowledge, a QbD-optimised PDLG–lecithin hybrid 
nanoparticle of Talazoparib has not been described. 
The aim of this study was to prepare Talazoparib-loaded 
L-PNPs from PDLG 5002A, soya lecithin and 
Poloxamer 188, optimise the polymer, lipid and stabiliser 
amounts with a Box–Behnken design, and characterise 
the optimised formulation, including drug release and 
cytotoxicity in MDA-MB-231 cells. 
2. Materials and methods 
2.1 Materials 
Talazoparib (catalogue BD305506, lot HKA347; HPLC 
purity 99.99 % by supplier certificate) was obtained from 
BLD Pharmatech (India) Pvt Ltd. Corbion 
PURASORB® PDLG 5002A (50:50 DL-
lactide/glycolide; inherent viscosity 0.20 dl/g; acid 
number 9.6 mg KOH/g; batch 7500587301) was 
supplied by Corbion (PURAC Biochem BV). Soya 
lecithin powder (97 %) was from Otto Chemie Pvt Ltd. 
Poloxamer 188, dimethyl sulfoxide (DMSO) and 
absolute ethanol were supplied by the Department of 
Pharmaceutics, KMCH College of Pharma; Milli-Q 
water was used. MDA-MB-231 cells, DMEM, fetal 
bovine serum (FBS) and MTT were used for cell studies. 
2.2 Pre-formulation studies 
Appearance was recorded visually. Qualitative solubility 
was assessed in water, aqueous buffers, ethanol, DMSO 
and dimethylformamide using the pharmacopoeial 
descriptive terms. The melting point was measured by 
the capillary method (Labholic LH-108). For UV 
quantification, stock solutions in DMSO were diluted 
with ethanol to 2–20 µg/mL, absorbance was read at 310 
nm (Shimadzu UV-1800, 1 cm quartz cell) and a linear 
calibration was fitted including the blank (0, 0) point; 
LOD and LOQ were estimated as 1.07 and 3.25 µg/mL. 
Drug–excipient compatibility was examined by FTIR 
(JASCO FT/IR-4100 with an ATR PRO ONE accessory; 
4000–400 cm⁻¹; scanning speed auto, 2 mm/s;) for 
Talazoparib, PDLG 5002A, soya lecithin, Poloxamer 
188, a physical mixture in the proportions of the 
optimised formulation (about 2.7 % w/w drug) and the 
freeze-dried optimised formulation.[22] 

2.3 Preparation of L-PNPs 
L-PNPs were prepared by nanoprecipitation. Talazoparib 
(3 mg), PDLG 5002A and soya lecithin were dissolved 
in 3 mL of DMSO–ethanol (2:1, v/v). This organic phase 
was added at 1 mL/min to 20 mL of Milli-Q water 
containing Poloxamer 188 under stirring at 1000 rpm at 
room temperature. The dispersion was probe-sonicated at 
40 % amplitude for 3 min (5 s pulses on/off) in an ice 

bath and stirred to evaporate ethanol. Nanoparticles were 
separated by centrifugation at 5000 rpm (about 2236 × g) 
for 5 min at 4 °C, washed with Milli-Q water to remove 
DMSO and unentrapped material, and redispersed in 
Milli-Q water. The sonication amplitude (30, 40 and 50 
%) was screened in preliminary trials. 
2.4 Experimental design and optimisation 
A three-factor, three-level Box–Behnken design (15 runs 
with three centre points) was generated with Design-
Expert® 13.[23] The factors were the amounts of PDLG 
5002A (X₁, 10–30 mg), soya lecithin (X₂, 10–40 mg) and 
Poloxamer 188 (X₃, 50–100 mg) (Table 1). The 
responses were particle size (Y₁), PDI (Y₂) and EE (Y₃). 
Quadratic models were fitted and assessed by ANOVA, 
R², adjusted and predicted R², adequate precision and 
lack of fit. Numerical optimisation sought minimum size, 
minimum PDI and maximum EE using the desirability 
function. The optimum was prepared and the 
experimental responses were compared with predictions: 
prediction error (%) = (experimental − predicted) / 
predicted × 100. 
2.5 Characterisation of the optimised formulation 
Z-average size, PDI and zeta potential were measured by 
dynamic light scattering and electrophoretic light 
scattering (HORIBA SZ-100V2) after dilution in Milli-Q 
water at [25 °C] [n = 3]. Morphology was examined by 
SEM (TESCAN MIRA3, 15 kV) after drying and 
conductive coating. For drug content, 1 mL of dispersion 
was dissolved in DMSO, diluted with DMSO–ethanol 
and read at 310 nm. EE was determined indirectly from 
free drug in the supernatant after centrifugation: EE (%) 
= (total drug − free drug) / total drug × 100. Drug 
loading (DL) was defined as entrapped drug / (entrapped 
drug + carrier mass) × 100. 
2.6 In vitro release 
Release was studied by dialysis (membrane MWCO 12–
14 kDa) against 25 mL phosphate-buffered saline (pH 
7.4), after placing 1 mL of the R17 dispersion in the 
dialysis bag at 37 ± 0.5 °C and 50 rpm. Samples (1 mL) 
were withdrawn at 1, 2, 3, 4, 5, 6 and 8 h and replaced 
with fresh medium. Samples were diluted 10-fold with 
DMSO–ethanol and read at 310 nm against a calibration 
prepared in the same medium. Cumulative release was 
corrected for withdrawn volume: Qₙ = V·Cₙ + Vs·ΣCᵢ. 
Data were fitted to zero-order, first-order, Higuchi and 
Korsmeyer–Peppas models.[24,25]  

2.7 Cytotoxicity 
The MTT assay was performed at the BioMe laboratory, 
Karaikudi. MDA-MB-231 cells were cultured in DMEM 
with 10 % FBS at 37 °C in 5 % CO₂ and seeded at 5 × 
10³ cells/well in 96-well plates. After overnight 
attachment, cells were treated for 24 h with free 
Talazoparib or R17 L-PNPs at 0.01, 0.03, 0.1, 0.3, 1, 3, 
10 and 30 µM (Talazoparib equivalent); final DMSO 
was ≤ 0.1 % (v/v). MTT (5 mg/mL) was added for 3–4 h, 
formazan was dissolved in 200 µL DMSO and 
absorbance read at 570 nm. Viability was expressed 
relative to untreated cells. IC₅₀ values and 95 % 
confidence intervals were obtained by variable-slope 
non-linear regression in GraphPad Prism 11. A drug-free 
L-PNP control was not included. 
3. Results and discussion 
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3.1 Pre-formulation and drug–excipient compatibility 
Talazoparib was a white to off-white, fine, free-flowing 
powder. It was practically insoluble in water, sparingly 
soluble in aqueous buffers, slightly soluble in ethanol 
and freely soluble in DMSO and DMF, which supported 
the DMSO–ethanol organic phase. The melting point 
was 257.1 °C, within the reference range of 257–259 °C. 
The UV calibration at 310 nm was linear over 0–20 
µg/mL (y = 0.0092x + 0.0008, R² = 0.9986; blank point 
included), with an LOD of 1.07 µg/mL and an LOQ of 
3.25 µg/mL. 
FTIR spectra are compared in Figure 1. The ester C=O 
band of PDLG 5002A (1739.48 cm⁻¹) and soya lecithin 
(1737.55 cm⁻¹) was retained in the physical mixture 
(1738.51 cm⁻¹) and in the formulation (1736.58 cm⁻¹), a 
shift of about 3 cm⁻¹ that is within the 4 cm⁻¹ resolution. 
The P188 bands near 960 and 840 cm⁻¹ remained in the 
physical mixture. The weak Talazoparib bands (for 
example 1659.45, 1600.63 and 1234.22 cm⁻¹) were not 
resolved in the mixture or the formulation because the 
drug is only about 2.7 % w/w and its bands overlap with 
excipient bands. The formulation showed a broad O–
H/N–H band at about 3325 cm⁻¹, probably from P188 
hydroxyl groups, hydrated lecithin and adsorbed water, 
and the aliphatic C–H stretching bands were not 
resolved. No new peak appeared. Therefore, FTIR 
showed no evidence of chemical interaction, but at this 
drug fraction it cannot exclude weak interactions, and 
DSC or XRD would be needed to establish the physical 
state of the drug. 

 
Figure 1 Overlay of the FTIR spectra of Talazoparib, 
the physical mixture and the optimized formulation 
(R17 L-PNPs) on a common transmittance scale. 

 
Figure 2.Stacked FTIR spectra (recorded 4000–400 
cm⁻¹) of soya lecithin, Poloxamer 188 (P188), PDLG 
5002A, Talazoparib, the Talazoparib–excipient 

physical mixture and the optimised formulation 
(TLZ-LPNs, R17). Spectra are vertically offset; 
dashed lines mark O–H/N–H (~3330 cm⁻¹), C=O 
(~1740 cm⁻¹) and C–O–C (~1100 cm⁻¹) regions. 
3.2 Preliminary trials 
Sonication amplitude created impact on particle size. At 
30 % the mean particle size was 1895.37 ± 2617.84 nm 
(aggregates), at 40 % it was 247.17 ± 33.91 nm (PDI 
0.377) and at 50 % it was 558.03 ± 322.22 nm. A 
confirmation run at 40 % gave 404.07 ± 300.27 nm, so 
repeatability at this setting was limited. Forty per cent 
was selected for the design. 
3.3 Box–Behnken design 
Table 1. Factors, levels and fixed conditions of the Box–
Behnken design. 
Factor Low (−1) Centre 

(0) 

High 

(+1) 

X₁ PDLG 5002A (mg) 10 20 30 

X₂ Soya lecithin (mg) 10 25 40 

X₃ Poloxamer 188 (mg) 50 75 100 

Fixed per batch Talazoparib 

3 mg 

DMSO–

ethanol 

2:1, 3 

mL 

Water 

20 mL 

Other fixed conditions: injection rate 1 mL/min, stirring 
1000 rpm, room temperature, probe sonication at 40 % 
amplitude for 3 min and pulse 5 seconds on/off. 
Table 2. Design matrix and observed responses (run 
order as performed). 
Run PDLG 

(mg) 

Lecithin 

(mg) 

P188 

(mg) 

Size 

(nm) 

PDI EE 

(%) 

1 10 40 75 234.9 0.3897 87.3 

2 20 40 50 166.6 0.3607 85.6 

3 20 40 100 235.6 0.5327 82.3 

4 30 40 75 620.83 0.4207 89.8 

5 20 10 100 165.87 1.0327 95.6 

6 20 25 75 247.17 0.3767 82.3 

7 10 25 100 2185.77 2.9957 97.3 

8 20 25 75 379.73 0.4587 94 

9 20 10 50 1151.67 4.223 98.16 
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Run PDLG 

(mg) 

Lecithin 

(mg) 

P188 

(mg) 

Size 

(nm) 

PDI EE 

(%) 

10 30 25 50 190.7 0.3853 99 

11 30 10 75 470.1 2.261 99.8 

12 30 25 100 225.07 0.514 93.16 

13 20 25 75 163.9 0.2981 81.6 

14 10 25 50 3370.6 2.642 99 

15 10 10 75 2634 1.6357 96.5 

Particle size ranged from 163.9 to 3370.6 nm and EE 
from 81.6 to 99.8 %. In six runs (5, 7, 9, 11, 14 and 15) 
the PDI exceeded 1, and four of them gave sizes above 1 
µm. PDI values above 1 indicate highly polydisperse or 
aggregated samples for which cumulant analysis is 
unreliable, so these runs did not give nanoparticles; they 
were kept in the model with caution. The three centre 
points differed considerably (163.9–379.7 nm; EE 81.6–
94.0 %), which shows poor repeatability and inflates 
pure error. 
Table 3. Model statistics for the three responses. 
Statistic Particle 

size 

PDI EE 

Model p-value 0.0040 0.0375 0.0343 

Lack of fit p-

value 

0.0938 0.2455 0.9894 

R² 0.9833 0.8099 0.8154 

Adjusted R² 0.9417 0.6198 0.6307 

Predicted R² 0.3929 0.2211 0.4611 

Adequate 

precision 

15.39 5.79 5.80 

A 

 

B 

 

C 

 
Figure 3 Three-dimensional response surface plots 
showing the effect of formulation variables on (A) 
particle size and (B) PDI AND (C) EEof Talazoparib-
loaded hybrid lipid–polymer nanoparticles. 
A. 

 

B. 

 

C. 

 

Figure 4 Contour plots showing the effect of 
formulation variables on (A) particle size, (B) 
polydispersity index (PDI), and (C) entrapment 
efficiency (EE) of Talazoparib-loaded hybrid lipid–
polymer nanoparticles. 
All three models were significant. PDLG amount had the 
largest effect on particle size (p = 0.0005), followed by 
lecithin (p = 0.0112), Poloxamer 188 (p = 0.0438), the 
PDLG × lecithin interaction (p = 0.0071) and the 
quadratic PDLG term (p = 0.0024). Lecithin was the 
only significant linear factor for PDI (p = 0.0055) and 
EE (p = 0.0058), and the quadratic PDLG term also 
influenced EE (p = 0.0127). A larger polymer content 
changes the viscosity of the organic phase and the 
nucleation and growth of particles during 
nanoprecipitation, which is consistent with the dominant 
effect of PDLG on size. The models must be read with 
caution: the predicted R² values are far below the 
adjusted R² (a gap greater than 0.2), the particle-size 
model has ten terms for 15 runs (four residual degrees of 
freedom), and the PDI model has a high coefficient of 
variation because of the aggregated runs. They are 
therefore used as a guide to the design space rather than 
as precise predictors. 
3.4 Optimisation and validation 
Numerical optimisation (desirability 0.861) gave PDLG 
30.00 mg, soya lecithin 29.56 mg and Poloxamer 188 
50.00 mg, with predicted size 163.9 nm, PDI 0.519 and 
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EE 97.5 %. Two factors lay at the edge of the design 
space (PDLG at +1 and Poloxamer 188 at −1), so the 
optimum may lie outside the region studied. The 
formulation was prepared as R17 (Table 4). The 
experimental size and PDI were lower than predicted 
(−22.3 % and −27.0 %), i.e. better than predicted, 
whereas EE was 8.0 % lower; only EE fell within 10 % 
of its prediction. This agrees with the low predicted R² 
values and shows that the validation was only partly 
successful. 

 
Figure 5 Desirability ramp plot showing the 
optimized levels of formulation variables and 
corresponding predicted responses. 

 
Figure 6 Optimization overlay plot showing the 
overall desirability and predicted responses for 
particle size, PDI, and entrapment efficiency at the 
selected formulation-variable levels. 
Table 4. Predicted and experimental responses of R17.  
Response Predicted Experimental Prediction 

error (%) 

Particle size 

(nm) 

163.9 127.3 −22.33 

PDI 0.519 0.379 −26.97 

EE (%) 97.5 89.75 −7.96 

3.5 Characterisation of R17 
R17 had a Z-average of 127.3 nm and a PDI of 0.379, 
which indicates a moderate size distribution (a PDI 
below 0.3 is usually preferred). The zeta potential was 
−21.3 mV, which gives moderate 
electrostaticstabilisation. SEM showed predominantly 

spherical particles; the four particles measured were 
54.37–93.69 nm (mean 73.21 nm) (indicative only). The 
smaller SEM size isexpected because SEM measures 
dried particles and DLS measures the hydrodynamic 
diameter. Drug content was 96.25 %, EE 89.75 % and 
DL 2.40 % (Table 5). 
 
Figure 7 Scanning electron micrograph of optimized 
Talazoparib-loaded lipid–polymer hybrid 
nanoparticles (R17) showing spherical morphology 
and representative particle-size measurements. 
Table 5. Content of talazoparib in talazoparib-filled 
lipid–polymer nanoparticles (L-PNPs) from 15 
formulation batches. 
Batch Drug content 

(%) 

Drug Loading 

(%) 

1 97.71 2.05 

2 94.37 2.28 

3 98.54 1.52 

4 96.87 1.82 

5 91.04 2.16 

6 99.79 2.02 

7 97.71 2.12 

8 97.92 2.30 

9 91.25 3.55 

10 94.58 2.75 

11 93.75 2.54 

12 99.17 1.77 

13 96.46 2.00 

14 98.12 3.38 

15 94.37 2.96 

Table 6. Characteristics of the optimised formulation 
R17. 

Parameter Value 

Z-average size (nm) 127.3 

PDI 0.379 

Zeta potential (mV) −21.3 

SEM size (nm; n = 4) 73.21 (54.37–93.69) 

Drug content (%) 96.25 

Entrapment efficiency (%) 89.75 
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Parameter Value 

Drug loading (%) 2.40 

The free-drug reading used for EE (absorbance 0.0131, 
about 1.34 µg/mL after dilution) lies above the LOD 
(1.07 µg/mL) but below the LOQ (3.25 µg/mL) and 
below the lowest calibration standard (2 µg/mL), so the 
EE value carries more uncertainty than the others. 
3.6 In-Vitro release 
Cumulative release increased from 7.47 % at 1 h to 
15.64, 20.29, 32.57, 52.68 and 80.51 % at 2–6 h and 
86.96 % at 8 h (Figure 2). The profile shows a slow start 
rather than a burst. Zero-order, first-order, Higuchi and 
Korsmeyer–Peppas models gave R² of 0.9273, 0.8306, 
0.7202 and 0.9514 (adjusted R² 0.9433), respectively. 
The Korsmeyer–Peppas exponent was n = 1.285, above 
the 0.85 limit for spheres,[25] which suggests release 
controlled by polymer relaxation or erosion (super case-
II type). This is indicative only, because the model 
applies to roughly the first 60 % of release, only five 
points fall in that range and the dialysis membrane adds 
a lag. Because the study lasted only 8 h and the first 
three readings (about 0.8–2.1 µg/mL) are below the LOQ 
of 3.25 µg/mL, sustained release has not been 
demonstrate; Sink conditions in 25 mL PBS were not 
demonstrated, no free-drug dialysis control was run, and 
longer release studies are needed. Similar progressive 
release has been reported for other hybrid systems.[16,26] 

 
Figure 8. Comparative In-Vitro cumulative drug 
release profiles of Talazoparib-loaded L-PNPs 
formulations (Runs 1–5) over 8 hours. 
Figure 9. Comparative in vitro cumulative drug 
release profiles of Talazoparib-loaded L-
PNPsformulations (Runs 6–10) over 8 hours. 
Figure 10. Comparative in vitro cumulative drug 
release profiles of Talazoparib-loaded L-PNPs 
formulations (Runs 11–15) over 8 hours. 

 
Figure11. Cumulative release of Talazoparib from R17 
in PBS (pH 7.4, 37 °C). 

 
Figure 12. Kinetic modelling of the in vitro release of 
Talazoparib from the optimised formulation (R17 L-
PNPs) in PBS (pH 7.4, 37 °C): first-order (R² = 
0.8306), Higuchi (R² = 0.7202), zero-order (R² = 
0.9273) and Korsmeyer–Peppas (R² = 0.9514) models. 
Blue circles are the observed cumulative release (%) 
and red lines are the model predictions. 
3.7In-Vitro Cytotoxicity 
Both samples reduced MDA-MB-231 viability in a 
concentration-dependent manner over 24 h (Figure 13). 
The IC₅₀ was 8.456 µM (95 % CI 8.146–8.781; R² 
0.9987) for free Talazoparib and 2.870 µM (2.555–
3.228; R² 0.9906) for R17, a 2.95-fold (66.1 %) 
reduction. The free-drug IC₅₀ is higher than the 0.45 µM 
reported for MDA-MB-231 in a cell-line panel,[27] which 
may reflect the short 24 h exposure, since PARP 
inhibitors usually act over longer periods, and the 
BRCA-proficient status of this cell line.[27,28]The lower 
IC₅₀ of R17 cannot be attributed to nanoparticle delivery 
alone: no drug-free L-PNP control was included, so the 
contribution of lecithin, PDLG, Poloxamer 188 and 
residual DMSO to toxicity is unknown, and no statistical 
comparison of the two curves was made. Uptake, 
apoptosis and DNA-damage studies would be needed to 
explain the mechanism 

1 2 3 4 5 6 8
RUN 1 6.96 15.5 19.0 32.9 51.4 78.0 82.8
RUN 2 7.67 15.1 19.4 31.4 52.4 79.8 86.3
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RUN 5 7.06 14.8 19.2 31.6 50.1 77.8 82.3
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Figure 13Representative bright-field microscopic 
images of MDA-MB-231 triple-negative breast cancer 
cells following 24-hour treatment with talazoparib at 
concentrations of 0.01, 0.03, 0.1, 0.3, 1, 10, 3 & 30 µM, 
compared with the untreated control. 

 
Figure 14. Representative bright-field microscopic 
images of MDA-MB-231 triple-negative breast cancer 
cells following 24-hour treatment with the optimized 
talazoparib-loaded lipid–polymer nanoparticle 
formulation (R17 L-PNPs) at equivalent talazoparib 
concentrations of 0.01, 0.03, 0.1, 0.3, 1, 3, 10, and 30 
µM, compared with the untreated control. 
Table 7. Cell viability (%) of MDA-MB-231 cells after 
24 h, as reported in the thesis (singlevalues). 
Concentration 

(µM) 

Free Talazoparib R17 L-PNPs 

0.01 97 98 

0.03 96 96 

0.1 94 93 

0.3 89 83 

1 81 66 

3 66 46 

10 48 28 

Concentration 

(µM) 

Free Talazoparib R17 L-PNPs 

30 29 24 

 
Figure 15. Viability of MDA-MB-231 cells after 24 h 
with free Talazoparib or R17 L-PNPs (MTT assay). 
Values are as reported in the thesis; the lines are 
variable-slope fits. 
4. Summary  

•  Talazoparib-loaded lipid–polymer hybrid 
nanoparticles were made by nanoprecipitation. 

•  A Box–Behnken design linked polymer, lipid and 
stabiliser amounts to Particle size, PDI and 
entrapment. 

•  The optimised formulation: 127.3 nm, PDI 0.379, 
zeta potential −21.3 mV, entrapment 89.75 %. 

•  Release reached 86.96 % at 8 h; the Korsmeyer–
Peppas model fitted best. 

•  IC₅₀ in MDA-MB-231 cells was 2.870 µM 
(formulation) vs 8.456 µM (free drug); no carrier 
control was run. 

5. Future perspectives 
Several studies would strengthen this work. Replicate 
batches and storage, serum and freeze-drying stability 
studies are needed to show reproducibility. Release 
should be followed for 24–72 h under sink conditions 
with a free-drug control, and at pH 5.5 to mimic the 
tumour environment. Cell studies should include a drug-
free carrier control, exposure of 72 h or longer, BRCA-
mutated lines (for example MDA-MB-436 or HCC1937) 
alongside BRCA-proficient MDA-MB-231 cells, and a 
non-cancer control line. Uptake, PARP-trapping and 
DNA-damage (γH2AX), cell-cycle and apoptosis assays 
would explain the mechanism, and DSC and XRD would 
show the physical state of the drug in the particles. 
PEGylation or ligand-based targeting could improve 
circulation time and tumour uptake, and 
pharmacokinetic, biodistribution, xenograft and 
haematological-toxicity studies would be required before 
clinical translation, together with scale-up and a less 
toxic replacement for DMSO. 
6. Conclusions 
Talazoparib-loaded PDLG–lecithin L-PNPs were 
prepared by nanoprecipitation method and optimised 
with a Box–Behnken design. The optimised formulation 
had a particle size of about 127 nm, a PDI of 0.379, a 
zeta potential of −21.3 mV and 89.75 % entrapment 
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efficiency, with no FTIR evidence of incompatibility. 
The formulation showed progressive release and a lower 
IC₅₀ than free drug in MDA-MB-231 cells, but the poor 
predictive power of the models and the lack of a carrier 
control mean that these findings are preliminary. 
Replicated batches, longer release and stability studies, a 
blank-carrier control and testing in BRCA-mutated cell 
lines are the next steps. 
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