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ÖZ

Amaç: Bu çalışmanın amacı, glipizidin biyoyararlanımı arttırmak ve geleneksel dozaj formunun oral yoldan sık sık verilmesini elimine etmek için 
nanoteknoloji bazlı oral formülasyonlarını geliştirmektir. Glipizide, biyolojik olarak kısa yarı ömrü ve sınırlı oral biyoyararlanımı olan antidiyabetik bir 
ilaçtır. Yeni palmitik asit-pluronik F127-palmitik asit (PA-F127) pentablok kopolimer bazlı uzun süreli salım yapan glipizid nanopartikülleri (GNs) in 
vitro ve in vivo çalışmalar için hazırlanmış ve taranmıştır.
Gereç ve Yöntemler: GN’ler yeni PA-F127 pentablok kopolimer kullanılarak solvent buharlaştırma yöntemi ile hazırlanmıştır. Hazırlanan nanopartiküller, 
partikül büyüklüğü, polidispersite indeksi (PDI), zeta potansiyeli, yükleme etkinliği, yüzde verimi ve fourier transform kızılötesi spektroskopisi (FTIR) 
ve diferansiyel tarama kalorimetresi (DSC) analizi, X-ışını kırınımı kullanılarak etken madde ile eksipiyan geçimliliği, taramalı elektron mikroskobu, 
in vitro etken madde salım çalışmaları, stabilite çalışmaları ve in vivo farmakokinetik çalışmalar değerlendirildi.
Bulgular: FTIR ve DSC analizlerinin sonuçları, etken madde-eksipiyan etkileşimlerinin olmadığını göstermiştir. Optimize edilmiş GN1’in, partikül 
büyüklüğü 242.60±4.20 nm, PDI 0.171±0.014 ve zeta potansiyeli -21.41±0.462 mV idi. Hazırlanan nanopartiküller küreseldi ve yarı amorf özellikler 
göstermiştir. İn vitro salım çalışmaları, ilk 8 saatte %34.43±4.8 etken madde salındığını ve 24 saat içinde 56.11±%4.12 glipizid salındığını göstermiştir. 
GN1’in 5±3°C’de 3 aya kadar stabil olduğu bulunmuştur. Farmakokinetik çalışmalar, oral yoldan verilen GN1’in, saf glipizide göre 2.35 kat Cmax, 1.6 kat 
tmax, 3.3 kat eğri altındaki alan (AUC0→∞) ve 1.2 kat ortalama kalış süresi ile daha üstün olduğunu göstermiştir (p<0.05).
Sonuç: Yeni geliştirilen GN1’in biyoyararlanımı başarılı bir şekilde arttırılmıştır ve diyabet tedavisi için ticari dozaj formu ile sık sık oral uygulama 
sorunu aşılabilmiştir.
Anahtar kelimeler: Glipizid, nanopartiküller, palmitik asit, pluronikler, biyoyararlanım

Objectives: The aim of the present study was to develop nanotechnology-based oral formulations of glipizide to enhance the bioavailability and 
eliminate the frequent oral administration of the conventional dosage form. Glipizide is an antidiabetic drug with a short biological half-life and 
limited oral bioavailability. Novel palmitic acid–pluronic F127–palmitic acid (PA-F127) pentablock copolymer-based prolonged release glipizide 
nanoparticles (GNs) were prepared and screened for in vitro and in vivo studies. 
Materials and Methods: GNs were prepared using a novel PA-F127 pentablock copolymer by solvent evaporation technique. The prepared 
nanoparticles were evaluated for particle size, polydispersity index (PDI), zeta potential, entrapment efficiency, percentage yield, and drug excipient 
compatibility using fourier transform infrared spectroscopy (FTIR) and differential scanning calorimeter (DSC) analysis, X-ray diffraction, scanning 
electron microscopy, in vitro drug release studies, stability studies, and in vivo pharmacokinetic studies. 
Results: The results of FTIR and DSC analysis revealed the absence of drug–excipient interactions. The optimized GN1 had particle size 242.60±4.20 
nm, PDI 0.171±0.014, and zeta potential -21.41±0.462 mV. The prepared nanoparticles were spherical and showed semi-amorphous characteristics. 
The in vitro release studies showed 34.43±4.8% drug was released in the first 8 h and 56.11±4.12% glipizide was released further over 24 h. The 
GN1 was found to be stable at 5±3°C for up to 3 months. Pharmacokinetic studies showed that the orally administered GN1 was superior with Cmax 
2.35-fold, tmax 1.6-fold, area under the curve (AUC0→∞) 3.3-fold, and mean residence time 1.2-fold as compared to pure glipizide (p<0.05). 
Conclusion: The bioavailability of the newly developed GN1 was successfully increased and the problem of frequent oral administration with the 
conventional dosage form can be overcome for diabetes treatment. 
Key words: Glipizide, nanoparticles, palmitic acid, pluronics, bioavailability
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INTRODUCTION
Glipizide is a potential second-generation sulfonylurea derivative 
belonging to Biopharmaceutical Classification System Class-II 
drugs. It is commonly utilized as an oral hypoglycemic agent for 
the treatment of type II diabetes mellitus.1,2 Glipizide is the most 
effective insulin secretagogue and presents fewer side effects 
compared to the first-generation drugs.3 It is a weak acid with 
a pka value of 5.9 and is better absorbed from acidic medium. 
Due to the very low pH level of glipizide, its aqueous solubility is 
negligible, which causes discrepancies in bioavailability.4 After 
absorption from the gastrointestinal tract, glipizide reduces 
the blood glucose levels in 30 min and peak concentration of 
the drug is reached within 1-3 h.3 It is rapidly eliminated from 
the body due to its small biological half-life (3.4±0.7 h) and 
hence the drug needs frequent oral administration in 2 or 3 
doses of 2.5 to 10 mg per day.5 Due to the poor solubility of 
glipizide, researchers have investigated several drug delivery 
systems including a solid self-nanoemulsifying drug delivery 
system,2 microspheres,5 poly(lactic-co-glycolic acid), Eudragit 
nanoparticles,6 cyclodextrin complex,7,8 chitosan and xanthan 
beads,9 and nanosuspension10 to increase the solubility and 
bioavailability of glipizide. Nanotechnology-based drug delivery 
systems with the use of biodegradable polymers seem to be 
most convenient for the delivery of any drug due to negligible 
chances of toxicity and overall improved therapeutic properties.11 

Pluronics are A-B-A type triblock nonionic, biodegradability 
copolymers listed in the British and US Pharmacopoeia as 
excipients and extensively used in drug delivery systems.10,12 
Due to the amphiphilic nature of Pluronics, they are self-
assembled into micelles above the critical micelle concentration 
in an aqueous solvent.13 The critical micelle concentration 
(CMC) value of Pluronic F127 was observed in the range 0.26-
0.8 wt %. The high CMC value indicates the dissociation of 
nanoparticles occurs before the target site is reached. This 
problem can be overcome using mixed polymers. The modified 
block copolymers like stearic acid-coupled F127 nanoparticles 
of doxorubicin12 and Pluronic/poly(lactic acid) vesicles for oral 
insulin delivery14 have been investigated. These studies inspired 
us to go further to explore the application of Pluronics in a 
nanotechnology-based oral drug delivery system for glipizide. 

In the present study, we aimed to develop glipizide nanoparticles 
(GNs) with better bioavailability that overcome the problem of 
frequent dose administration. We prepared orally active GNs using 
PA-F127 copolymer that were optimized for physicochemical 
properties and evaluated their pharmacokinetic parameters in 
rats. We also analyzed the stability of the GNs at 5±3°C and 25°C 
over 3 months.

MATERIALS AND METHODS
Materials
Pharmaceutical grade glipizide was purchased from Swapnroop 
Drugs and Pharmaceuticals, Aurangabad, India. Palmitic acid 
(PA), Pluronic F127, and polyvinyl alcohol (PVA) were procured 
from Sigma-Aldrich, India. The other chemicals and solvents 
used were of analytical grade and were purchased from 
Molychem, Mumbai. 

Synthesis of PA-F127 pentablock copolymer
PA (15 g) and 15 g of Pluronic F127 (15 g) were added to a 100 mL 
round bottom flask and the mixture was heated with constant 
stirring to yield a well-mixed molten phase and it was reacted at 
160°C for 6 h. The PA-F127 copolymer was recovered by mixing 
the resulting solution into an ethyl acetate/petroleum ether 1:1 
(v/v) solution to eliminate the unreacted PA by filtration. The 
PA-F127 copolymer was obtained by evaporating the organic 
solvent at room temperature and dried at 25°C under vacuum 
for 24 h. The synthesized copolymer structure was confirmed 
by the spectrum of fourier transform infrared spectroscopy 
(FTIR) (Bruker 1-206-0280, KBr pellets) and 1H NMR (Bruker 
Model Advance II 400; 400 MHz) spectroscopy.

Preparation of glipizide loaded PA-F127 nanoparticles
GNs were fabricated by solvent evaporation technique using 
PA-F127 and PVA polymeric systems. A mixture of chloroform 
and methylene chloride (1:1 v/v) was prepared and glipizide 
was dissolved in it. The PA-F127 copolymer was dissolved in 
chloroform. The copolymer solution was added to glipizide 
solution drop by drop with continuous stirring. Next 1.0 mL 
of the aqueous phase of PVA (2%) was added dropwise to 
the organic mixture of drug and copolymer with continuous 
homogenization (12000 rpm; IKA T25 ultra homogenizer) 
followed by stirring (700 rpm) for 3 h and the nanosuspension 
obtained was stored in vacuum desiccators overnight at room 
temperature in order to remove the remaining organic solvents. 
The un-incorporated glipizide aggregates were removed 
through filtration using Whatman paper no. 1. The filtrate was 
centrifuged (14000 rpm; Remi, India) and sediment containing 
nanoparticles was separated and dried by lyophilization.12,15

Characterization of prepared GNs

Particle size, polydispersity index, and zeta potential
The average particle size, polydispersity index (PDI), and zeta 
potential of the GNs were evaluated using a Zetasizer Nano-
ZS (Malvern Instruments, UK). Then 0.5 mg/mL suspension 
was prepared in Milli-Q water and analyzed to determine these 
parameters. The results were described as mean ± standard 
deviation for three replicates.16

Entrapment efficiency and percentage yield
Accurately weighed GNs were dissolved in methylene chloride 
(20 mL). This solution was added to 100 mL of freshly prepared 
phosphate buffer (pH 7.4) and continuously stirred to extract 
the glipizide in it. The methylene chloride evaporates during 
the stirring process.17 The undissolved content was removed 
by centrifugation at 10000 rpm (Remi, India), the supernatant 
was filtered, and the amount of glipizide was assessed using 
a ultraviolet-Vis spectrophotometer (Lab India 3000+) at 225 
nm. Drug entrapment efficiency (%) and percentage yield were 
calculated using Equation 1 and 2, respectively. 

(%) =
  Amount of glipizide in nanoparticles   

× 100
        Amount of glipizide used in formulation

Entrapment 
efficiency 

Equation 1
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 Percentage yield =
 Total nanoparticles weght   

× 100        

          
Total solid weight 

Equation 2

FTIR studies
The interactions between glipizide and excipients were analyzed 
using FTIR. FTIR spectra of the PA-F127 copolymer, PVA, pure 
glipizide, physical mixture, and GN1 were taken in KBr pellets 
using a Bruker (1-206-0280 with software: OPUS-7.2.139.1294) 
spectrometer and the values of λ max were reported in cm-1 
(range: 400-4000).

Differential scanning calorimetric analysis
The samples used for FTIR studies were selected for the 
analysis of thermal properties by using DSC Q10 V9.9, US. 
The instrument was calibrated using indium as standard. The 
samples were sealed in aluminum pans with lids and heated 
at a rate of 10°C/min under a nitrogen environment (60 L/min). 
The empty aluminum pan was used as a reference. The heat 
flow was recorded from 35 to 280°C.

X-ray diffraction analysis
X-ray diffraction (XRD) analysis of selected samples was 
carried out using a Rigaku Miniflex-600 diffractometer. A Cu 
Kα source operation (40 kV, 15 mA) was used. The diffraction 
pattern of samples was recorded over a 2θ angular range of 
10-70.

Surface morphological studies
The surface morphology of the physical mixture and best-
optimized batch was examined by field emission scanning 
electron microscopy (FE-SEM; JEOL-JSM-7600F, Japan). The 
samples were dispersed on metallic stubs and then gold coating 
was done using an ion-sputtering machine. These samples 
were vacuum dried before the examination.

In vitro dissolution studies
In vitro dissolution studies were performed for the optimized 
GN1 batch and pure glipizide by modified dialysis sac method.18 
Accurately weighed GN1 suspension (equivalent to 5 mg of 
glipizide) and pure glipizide suspension (5 mg) were placed in 
dialysis membrane bags (12-14 kDa cut-off, HiMedia, India) and 
tied with dialysis clips. The dialysis bags were immersed in 
separate conical flasks containing 150 mL of 0.1 M phosphate 
buffer solution (pH 7.4). The conical flasks were stirred at 
100 rpm with temperature 37.0±0.5°C. At fixed time intervals, 
an aliquot of 1 mL was withdrawn from the conical flask and 
replenished with 1 mL of fresh phosphate buffer and the assay 
was performed using a UV-Vis spectrophotometer (Lab India 
3000+) at 225 nm.

Stability studies
It is important to have an insight into the stability of prepared 
nanoparticles. The GN1 suspension was kept in a colored glass 
bottle at 5±3°C and 25°C for short-term stability studies. An 
aliquot of GN1 samples was taken after 1 and 3 months. These 
samples were analyzed for any possible change in particle 

size, PDI, zeta potential, entrapment efficiency, and color of 
suspension.

Animals
In vivo studies were accomplished in female Wistar albino rats 
weighing between 250 and 300 g. The rats were procured 
from the Lala Lajpat Rai University of Veterinary and Animal 
Sciences, Hisar, India. The rats were kept in polypropylene 
cages and housed in the central animal house of Maharshi 
Dayanand University, Rohtak, under standard environmental 
conditions (23.0±1°C, 55±5% humidity, and 12 h/12 h light/dark 
cycle). The animals had ad libitum access to standard animal 
diet and water. The protocols of the animal studies were 
permitted by the Institutional Animal Ethical Committee (IAEC 
151/57 dated 30/03/2015) and the experiments were performed 
according to CPCSEA guidelines.

Pharmacokinetic evaluation in Wistar albino rats
The overnight fasted rats (n=6) were treated with a single oral 
dose of freshly prepared GN1 carrying 1.5 mg of drug (group I) 
and pure glipizide suspension was given in group II (1.5 mg/
kg b.w.). The blood samples were withdrawn at different time 
intervals (0, 0.5, 1, 2, 3, 4, 6, 9, 12, and 24 h) through the tail 
vein using heparinized tubes. The plasma was separated by 
centrifugation (Plasto Crafts, India) and stored at -20°C until 
further examination. A rat plasma sample of 0.1 mL and 0.1 mL 
of 0.1 N HCl were vortexed for 3 min and then 3 mL of benzene 
was added for the precipitation of plasma proteins. The mixture 
was smoothly shaken using a cyclo-mixer for 5 min followed by 
centrifugation for 10 min at 6000 rpm and the precipitates were 
removed by syringe filter (0.22 µm). The organic phase was 
evaporated under a nitrogen environment and the residue was 
thawed in 0.1 mL of mobile phase by vortex mixing. An aliquot 
of 20 µL was injected into the column of the reverse phase-high 
performance liquid chromatographic (HPLC) by auto-sampler. 

Glipizide in the rat blood plasma was estimated by HPLC using 
an earlier reported bioanalytical method.19 The pharmacokinetic 
studies were performed on a Dionex UHPLC ultimate 3000 
RS containing a pump, auto-sampler, column compartment 
(column: Agilent; 250 mm×4.6 mm; particle size 5 µm), and 
diode array detector. The data acquisition was achieved 
through Chromoleon 6.8 software. The monobasic potassium 
dihydrogen orthophosphate buffer (20 mM; pH 3.5) and 
acetonitrile were used as mobile phase (65:35 v/v). The mobile 
phase was filtered through a membrane filter (0.22 µm) and 
sonicated. The flow rate was kept at 1 mL/min and the total 
run time of the method was set at 15 min. The effluent was 
monitored at 225 nm. 

Statistical analysis
The pharmacokinetic data were compared by Student’s paired 
t-test using GraphPad Prism 7 software. P values <0.05 were 
considered significant. 
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RESULTS AND DISCUSSION 

Characterization of PA-F127 pentablock copolymer 
The carboxylic group of PA was esterified with the hydroxyl 
groups of Pluronic F127 (Scheme 1). The structure of PA-F127 
copolymer was determined by 1H NMR spectroscopy in CDCl3 
and the δ (ppm) values of different groups are shown in Table 1. 
The FTIR spectra of the synthesized copolymer having an ester 
band (C=O stretching vibration) at 1700.77 cm-1 were observed, 
which confirmed the reaction between PA and F127.

Preparation of glipizide loaded polymeric nanoparticles 
The GNs were fabricated by the solvent evaporation method 
with different glipizide to copolymer ratios (glipizide:PA-F127; 
1:1, 1:2, 1:3, and 2:1 w/w) and a fixed concentration of PVA. By 
this technique, nanoparticles are easily prepared compared 
to the other methods. A mixture of PA-F127 copolymer and 
glipizide in organic solvent forms the organic phase. Aqueous 
phase comprising PVA was added drop by drop to the organic 
phase. The organic solvents used in these nanoparticles 
quickly partitioned into the exterior aqueous phase and PVA 
precipitated around copolymer encapsulated glipizide particles. 
Evaporation of the entrapped organic solvents leads to the 
formation of glipizide loaded polymeric nanoparticles.15

Optimization parameters of prepared GNs
The GNs were optimized on the basis of morphological 
properties (in terms of particle size and surface characteristics), 
entrapment efficiency, and percentage yield. Particle size 
analysis used to characterize the nanoparticles and it helps 
us to understand the dispersion and aggregation.20 With the 
reduction in particle size, enhancement of surface area and 
attractive forces between the particles generate the possibility 

of aggregation. To overcome such aggregation problems, the 
use of a surfactant in the nanoparticle preparation becomes 
essential. PVA can encapsulate the nanoparticles and also work 
as a surfactant by reducing the aggregation of nanoparticles, 
which keeps them suspended in solution after formation, and 
also re-suspension of lyophilized nanoparticles becomes 
easy.15,21 The zeta potential of the particles is a significant 
characteristic that can demonstrate particle stability. The higher 
the magnitude of zeta potential, irrespective of the charge type 
(positive or negative), the higher stability is anticipated.20,22

Entrapment efficiency and percentage yield are the targets of 
modern nanotechnology-based drug development. Generally, 
those excipients are selected that can entrap the maximum 
amount of drug and give the best yield along with other 
significant parameters. Higher drug entrapment leads to a 
reduction in drug loss during the manufacturing process.22,23

The glipizide to PA-F127 copolymer ratios critically affect particle 
size as well as other studied parameters. The optimization data 
of the GNs (Table 2) exhibited that the nanoparticles produced 
were of submicron size ranging from 242.6 to 891.2 nm. The 
zeta potential and PDI values varied between 0.171 and 0.556 
and between -8.03 and -21.41 mV, respectively. The ranges of 
entrapment efficiency and percentage yield were 35.42% to 
81.13% and 23.2% to 76.4%, respectively.

Based on the morphological properties, entrapment efficiency, 
and percentage yield, among the five batches, 1:1 ratio (GN1) 
was chosen as the optimized one. The above parameters in 
the other four batches (GN2, 3, 4, and 5) were less valuable 
and hence were not selected for further studies. In batch GN5, 
a slight improvement in particle size, entrapment efficiency, 
and percentage yield was observed over batches GN2, 3, 
and 4. This happened due to the change in the ratio of drug 
to copolymer. These preparation trials were performed three 
times, for reproducibility and uniformity of the results. The 

Table 1. Major features of 1H NMR spectra of the PA-F127 
copolymer in CDCl3
δ (ppm) Assigned

CH2-O in PEO 3.68-3.66

CH2CH2-O in PEO 2.37-2.34

CH2CH(CH3)-O in PEO 1.66-1.62

CH2CH(CH3)-O in PEO 1.31-1.27

CH2 in PA 1.17-1.14

PEO: Polyethylene oxide, PA: Palmitic acid

Table 2. Evaluation parameters of prepared GNs

Batch Glipizide:PA-F127 (w/w) Particle size (nm) PDI Zeta potential (mV) Entrapment efficiency (%) Yield (%)

GN1 1:1 242.60±4.20 0.171±0.0143 -21.41±0.462 81.13±3.12 76.40±2.23

GN2 1:2 630.46±4.05 0.556±0.0362 -16.33±0.153 60.41±4.41 59.31±4.22

GN3 1:3 721.30±6.77 0.328±0.0238 -10.23±0.513 50.30±3.34 49.84±3.41

GN4 1:4 891.20±7.80 0.471±0.0264 -8.03±0.737 35.42±1.94 23.20±3.45

GN5 2:1 540.24±3.51 0.391±0.0211 -11.5±0.561 70.60±2.51 66.34±4.14

n=3, mean values ± standard deviation, PDI: Polydispersity index, GN: Glipizide nanoparticles

Scheme 1. Preparation of PA-F127 copolymer
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particle size and zeta potential analysis of the optimized batch 
GN1 are shown in Figure 1.

FTIR analysis
The FTIR spectra provide a distinct idea about the interaction(s) 
between diverse functional groups existing in drugs and 
excipients.24,25 The possible interactions between PA-F127, 
PVA, glipizide, physical mixture, and optimized GN1 were 
investigated by comparing the FTIR peaks (Figure 2).

The IR spectra of pure glipizide exhibited peaks at 3250.44 cm-1 
(-NH stretching), 2941.02 cm-1 (C-H stretching), 1690.44 cm-1 

(C=O stretching), 1649.88 cm-1 (-CONH- stretching), 1591.28 cm-1 

(C=C aromatic stretching), 1461 cm-1 (C-H aromatic bending), 
and 1337.27 and 1160.14 cm-1 (O=S=O), which are also detected 
in the physical mixture and GN1. No significant shift in peaks 
were detected in the physical mixture or optimized GN1 as 

compared to the spectra of PA-F127, PVA, and pure glipizide. 
This indicates that the glipizide and excipients used were 
compatible and suitable for the current investigation.

DSC analysis
It was found to be useful in the examination of the thermal 
properties of the nanoparticles, providing quantitative and 
qualitative information about the physicochemical state of 
the drug inside the nanoparticles as well as drug–polymer 
interactions.26

A characteristic sharp endothermic peak at 212.18°C was 
observed for pure glipizide (Figure 3c) that was absent in 
PA-F127 (Figure 3a) copolymer. PVA (Figure 3b) showed an 
endothermic peak at 215.31°C that overlapped with the glipizide 
peak in the physical mixture (Figure 3d) and GN1 (Figure 3e). A 
close look at the overlay in Figure 3 suggests that no significant 
shift in endothermic peaks was detected. Hence, there was no 
interaction between glipizide and polymeric excipients. The 
selection of excipients was done on the basis of the results of 
FTIR and DSC analysis and further studies were extended. 

XRD studies
The XRD patterns of the PA-F127 copolymer (Figure 4a) and 
PVA (Figure 4b) showed a diffused spectrum having fewer 
peaks and suggested a semi-amorphous nature. The XRD 
patterns of glipizide showed several sharp peaks (Figure 4c) 
that were found to be in line with a previous report.27 The 
characteristic sharp diffraction peaks due to pure glipizide 
and the diffused peaks of PA-F127 copolymer and PVA can be 
seen in the physical mixture (Figure 5d). After being formulated 
into nanoparticles, the XRD pattern of GN1 showed less sharp 
peaks (Figure 5e) with reduced intensity and had a partially 
amorphous nature. This decreased intensity shows the reduced 
crystalline properties of the drug.28 

Figure 1. (a) Zeta potential and (b) particle size analysis of GN1

GN: Glipizide nanoparticles

Figure 2. FTIR spectra of (a) PA-F127, (b) PVA, (c) pure glipizide, (d) 
physical mixture, and (e) GN1

FTIR: Fourier transform infrared spectroscopy, PVA: Polyvinyl alcohol,

GN: Glipizide nanoparticles

Figure 3. DSC thermograms of (a) PA-F127, (b) PVA, (c) pure glipizide, (d) 
physical mixture, and (e) GN1

DSC: Differential scanning calorimeter, PVA: Polyvinyl alcohol, GN: Glipizide 
nanoparticles
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Surface morphology by SEM
Smooth surfaced rectangular crystals of glipizide in the physical 
mixture (Figure 5a) can be seen clearly, which were not visible 
in optimized GN1 (Figure 5b). The GN1 showed smooth and 
spherical nanoparticles, indicating that the glipizide becomes 
encapsulated in the polymeric matrix. This smooth surface 
property of nanoparticles demonstrated the complete removal 
of solvents from the GNs and was a sign of good quality.29

In vitro studies
The in vitro release of the glipizide from GN1 first showed 
burst release followed by sustained release (Figure 6). The 
release of glipizide from GN1 at 8 and 24 h was 34.43±4.8% and 
56.11±4.64%, respectively, whereas in the same time interval 
53.1±4.6 and 92.1±4.12% drug was released from pure glipizide. 
The initial burst release of glipizide from GN1 may have been 
due to the loosely associated drug on the interface of the 
polymeric matrix. The drug incorporated into the inner core 
compartment stayed firmly inside the nanoparticles, showing a 
sustained drug release pattern.12 

Stability studies
Three-month stability studies were performed for GN1 at two 

temperatures (4 and 25°C) and the results are shown in Table 
3. The nanosuspension stored at both temperatures carried 
nanosized particles (<250 nm), whereas a slight increase in 
PDI and a reduction in zeta potential and entrapment efficiency 
were observed. During the storage time, no visual color change 
was noted. The reduction in entrapment efficiency and increase 
in particle size might be attributed to the semi-amorphous 
character of the amphiphilic PA-F127 copolymer in GN1. When 
the lipophilic part of a copolymer is exposed to kinetic energy 
(temperature or light), the semi-amorphous state changes into 
the more stable amorphous state, which leads to an increase in 
particle size and expulsion of drug from the polymeric matrix 
with the reduction in entrapment efficiency.30 The results 
of the stability studies were statistically nonsignificant. The 
nanoparticles stored at 5±3°C showed nonsignificant variation 
in the studied parameters, which indicates that the above 
temperature was the optimum storage temperature.

Pharmacokinetic studies
The mean plasma concentrations of glipizide vs. time profile 
adopting a single oral dose of GN1 (1.5 mg/kg) and glipizide 
suspension (1.5 mg/kg) in six rats is presented in Table 4 and 
Figure 7. The value of peak plasma concentration (Cmax) of 
GN1 was 2.35-fold higher than that of the glipizide suspension 
(p<0.05). The time required to reach the maximum plasma 
concentration (tmax) after oral administration of GN1 and glipizide 
suspension was 6.0 and 4.0, respectively. The elimination 
half-life (t1/2) of GN1 was 1.5-fold ameliorated than the glipizide 
suspension (p<0.05). The area under the curve (AUC0→∞) of 

Figure 4. XRD patterns of (a) PA-F127, (b) PVA, (c) pure glipizide, (d) 
physical mixture, and (e) GN1

PVA: Polyvinyl alcohol, GN: Glipizide nanoporticles

Figure 5. SEM images of (a) physical mixture (drug + excipients), (b) GN1

SEM: Scanning electron microscopy, GN: Glipizide nanoporticles

Figure 7. Mean plasma concentrations of glipizide vs time graph after 
single oral administration of GN1

GN: Glipizide nanoporticles

Figure 6. In vitro release profiles of GN1 and pure glipizide

GN: Glipizide nanoporticles
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GN1 was 3.3-fold higher compared to the glipizide suspension 
(p<0.05). Finally, an improvement (1.2-fold) in the mean 
residence time of GN1 over pure glipizide suspension (p<0.05) 
was recorded. Overall, the oral bioavailability and circulation 
time of GN1 were improved significantly.

CONCLUSIONS
In the present investigation, GNs were prepared using the newly 
synthesized PA-F127 copolymer. The drug and excipients were 
compatible with each other. The optimized nanoparticles batch 
(GN1) can be best stored at 5±3°C without losing its properties. 
The ameliorated pharmacokinetic parameters of GN1 confirmed 
the improved bioavailability and circulation time. The therapeutic 
plasma concentration of drug with a single oral dose of GN1 
was maintained up to 24 h and the problem of frequent oral 
dose administration (2 or 3 times a day) with the conventional 
dosage form can be overcome by the use of GN1. The reported 
PA-F127 pentablock copolymer could be a suitable carrier for 
nanotechnology-based oral glipizide.
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