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ABSTRACT
Objective: The aim of the present study is to develop nanotechnology-based oral
formulations of Glipizide to enhance bioavailability and to eliminate the frequent oral

administration of the conventional dosage form. Glipizide is an antidiabetic drug

F127-Palmitic acid (PAF127) pentablock copolymer based prolonged relea

nanoparticles (GN) were prepared and screened for in vitro and in vivo ies

and zeta potential -21.41 £ 0.462 mV. noparticles were spherical in shape
and showed semi-amorphous chara In vitro release studies showed 34.43 *
4.8 % drug was released in fir
24 h. The GN1 was found blgtat 5 + 3 °C up to three months. Pharmacokinetic

studies showed that t ly a

* 4.12 % glipizide were released further for

iIstered GN1 were superior with Cmax 2.35 fold, tmax
1.6 fold, area unde curv@AUCo-.«) 3.3 fold and mean residence time (MRT) 1.2

fold as compar reé@lipizide (p < 0.05).
) C

concluded that the bioavailability of newly developed GN1 was
successiully prgloRged and frequent oral administration problem with conventional

Conclusion:

dosage cal be defeated for diabetes treatment.

yw : Glipizide, Nanoparticles, Palmitic acid, Pluronics, Bioavailability

RODUCTION
Glipizide is a potential second-generation sulfonylurea derivative belongs to
Biopharmaceutical Classification System (BCS) Class-Il drugs. It is commonly utilized

as an oral hypoglycemic agent for the treatment of type Il diabetes malitus'2. Glipizide




is most effective insulin secretagogues and presents fewer side effects compared to the
first-generation drugs?. It is a weak acid with pka value 5.9 and better absorbed from the
acidic medium. Due to very low pH level of glipizide, its aqueous solubility is negligible
which causes discrepancies in bioavailability*. After absorption from the gastrointestinal
tract, glipizide reduces the blood glucose levels in 30 minutes and peak concentratig
the drug reaches within 1-3 h3. It is rapidly eliminated from the body due to_
biological half-life (3.4 £ 0.7 h) and hence drug needs frequent oral administ
or 3 doses of 2.5 to 10 mg per day®. Due to poor solubility of glipizide, 1
investigated several drug delivery systems including solid self- ifying drug
delivery system?, microspheres®, poly(lactic-co-glycolic acid), anoparticles®,
cyclodextrin complex’®, chitosan and xanthan beads? 0 to increase

solubility and bioavailability of glipizide. Nanotechnology=ba

degradability copolymers enlisted

Pluronics are A-B-A type triblock N
in the British and US Pharmacop@ lents and extensively used in drug
ic N

delivery systems'®'2, Due to amphi re of Pluronics, they get self-assembled
into micelles above the criti concentration in the aqueous solvent'®. The
critical micelle concentration ( lue of Pluronic F127 was observed in the range

of 0.26-0.8 wt%. The, fifgh C value indicates the dissociation of nanoparticles occurs

ivery systems

with the use of biodegradable polymers seem to be anient for the delivery of

any drug due to negligible chances of toxi all improved therapeutic

properties™!.

before reaching et site’®. This problem can be overcome by using mixed

] block copolymers like stearic acid-coupled F127 nanoparticles
of doxor, luronic/poly(lactic acid) vesicles for oral insulin delivery' have
been investigatéd. These studies inspire us to go further to explore the application of

nanotechnology-based oral drug delivery system for glipizide.

present study, we have aimed to develop glipizide nanoparticles with better
ilability which eliminate frequent dose administration problem. We have prepared

y active GN by using PA-F127 copolymer and optimized for physicochemical
properties and evaluated pharmacokinetic parameters in rats. We also analyzed the
stability of GN at 5 + 3 °C and 25 °C for 3 months.




Materials and method
Materials

The pharmaceutical grade glipizide was purchased from Swapnroop Drugs and
Pharmaceuticals, Aurangabad, India. Palmitic acid (PA), Pluronic F127 and polyvinyl
alcohol (PVA) have been procured from Sigma-Aldrich, India. Other chemical
solvents used were of analytical grade and have been purchased from h q
Mumbai.
Synthesis of PA-F127 pentablock copolymer
15 g PA and 15 g Pluronic F127 was added to a 100 ml round betto

mixture was heated with constant stirring to yield a well-mixg

sk and the

ase and

reacted at 160 °C for 6 h. The PA-F127 copolymegwas recoVeredfby mixing the

resulting solution into the ethyl acetate/petroleum ether V) solutionifo eliminate the

unreacted PA by filtration. The PA-F127 copolymer

organic solvent at room temperature and drie ’ der vacuum for 24 h. The
synthesized copolymer structure was corifi ectrum of FTIR (Bruker 1-206-
0280, KBr pellets) and '"H NMR (Bruker M [ 400; 400 MHz) spectroscopy.

Preparation of glipizide loaded PA-F nan les
Glipizide nanoparticles (GN) w icated by solvent evaporation technique using
PA-F127 and PVA polymeric

(1:1 v/v) was prepared gli

A mixture of chloroform and methylene chloride
as dissolved in it. The PA-F127 copolymer was
dissolved in chlorofog@. Theyeopolymer solution was added to glipizide solution drop by

drop with continue ing. The aqueous phase of PVA 1.0 ml (2%) has been added

drop-wise inf prganic  mixture of drug and copolymer with continuous

homogeni 0 rmp; IKA T25 ultra homogenizer) followed by stirring (700 rpm)
for 3 h @nd obt@ined nano-suspension was stored in vacuum desiccators overnight at

re in order to remove remaining organic solvents. The un-incorporated

gregates were removed through filtration process using Whatman 1. The

as centrifuged (14000 rpm; Remi, India) and sediment containing nanoparticles
e separated and dried by lyophilization process'21.

Characterization of prepared GN

Particle size, PDI and zeta potential



The average particle size, PDI and zeta potential of GN were evaluated by using
Zetasizer Nano-ZS (Malvern Instruments, UK). The 0.5mg/ml of suspension were
prepared in Milli-Q water and analyzed to determine these parameters. The results were
described as mean * standard deviation (SD) for three replicates’®.

Entrapment efficiency and percentage yield

Accurately weighed GN was dissolved in methylene chloride (20 ml). This sol

added to 100 ml freshly prepared phosphate buffer (pH 7.4) and continuous
extract the glipizide in it. The methylene chloride evaporates dus

process'’. The undissolved content was removed by centrifugati 0,000 rpm

using UV-Vis spectrophotometer (Lab India 3000* 1g entrapment
efficiency (%) and percentage yield were calcula i ation 1 and 2,

respectively.

. Amount of glipizide in
Entrapment efficiency (%) = ELD

Amount of glipizide us

Total nanoparticles weight

Percen ield =
erce tage yie d Total solid weigh

FTIR studies

The interactions between glipizide exglpients were analyzed using FTIR. FTIR

spectra of the PA-F127 copol , pure glipizide, physical mixture, and GN1 were
taken in KBr Pellet using B -206-0280) with software: OPUS-7.2.139.1294
spectrometer and th u A max were reported in cm™' (range: 400-4000).

Differential scanning rimetfic analysis

The samples studies were selected for the analysis of thermal properties

by using 10 V@9, US. The instrument was calibrated using Indium as standard.
The samples e sealed in aluminum pans with lids and heated at a rate of 10 °C/min
en environment (60 ml/min). The empty aluminum pan was used as a

he heat flow was recorded from 35 to 280 °C.

y diffraction analysis of selected samples was carried out using Rigaku Miniflex-600
iffractometer. A Cu Ka source operation (40 kV, 15 mA) was used. The diffraction

pattern of samples was recorded over a 26 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
by using the ion-sputtering machine. These samples were vacuum dried befor
examination.

In vitro dissolution studies

In vitro dissolution studies were performed for optimized GN1 batch pu de

by modified dialysis sac method'®. Accurately weighed GN1 suspensi ivalent to 5
embrane
bags (12-14 kDa cut-off, HiMedia, India) and tied wit dialysis bags

were immersed in separate conical flasks containing 156: phosphate buffer

replenished with 1 ml of fresh phosphate ‘ assay was performed using UV-
Vis spectrophotometer (Lab India 3000*
Stability studies

It is significant to have an i pared nanoparticles stability. The GN1
gitle at 5 £ 3 °C and 25 °C for short-term stability

cgfvas taken after 1 and 3 months. These samples

suspension was kept in color
studies. The aliquot of S

were analyzed for a osSible change in particle size, PDI, zeta potential, entrapment

efficiency and co ension.
Animals
In vivo s omplished in female Wistar albino rats weighing between 250 to

300 g. Phe ratshwere procured from the Lala Lajpat Rai University of Veterinary and
c S, Hisar, India. The rats were kept in polypropylene cages and housed in

central animal house of Maharshi Dayanand University, Rohtak under standard
virgamental conditions (23.0 = 1 °C, 55 £ 5% humidity and 12 h/12 h light/dark cycle).
animals were freely accessed to standard animal diet and water ad libitum. The

protocols of the animal studies were permitted by Institutional Animal Ethical Committee



(IAEC 151/57 dated 30/03/2015) and experiments were performed according to
CPCSEA guidelines.

Pharmacokinetic evaluation in Wistar albino rats

The overnight fasted rats were (n=6) treated with the single oral dose of freshl

prepared GN1 carrying 1.5 mg drug (Group |) and pure glipizide suspension treat Gf©
Il (1.5 mg/kg b.w.). The blood samples were withdrawn at different time interva 3

1, 2, 3,4, 6,9, 12 and 24 h) through the tail vein using heparinized tubes.
separated by centrifugation (Plasto Crafts, India) and frigid at -20

examination. Rat plasma sample 0.1 ml and 0.1 ml of 0.1 N HCI wa d for 3 min
and then 3 ml benzene was added for the precipitation of plas e mixture
was smoothly shaken using cyclo-mixer for 5 min folloged by ce on for 10 min
at 6000 rpm and precipitates were removed by syring er (0.22 . The organic

phase was evaporated under the nitrogen environme jdue was thawed in 0.1
ml of mobile phase by vortex mixing. An aliquo
RP-HPLC by auto-sampler.

Glipizide in rat blood plasma was e te HPLC using earlier reported

jected into the column of

bioanalytical method'®. The pharmacgkinetic st s were performed on Dionex UHPLC
ultimate 3000 RS containing pun utossampler, column compartment (column:
ize 5 ym) and diode array detector. The data
acquisition was achievedythro bfomoleon 6.8 software. The monobasic potassium
dihydrogen orthoph at ffer (20mM; pH 3.5) and acetonitrile were used as mobile
phase (65:35 v/
and sonicated
setat 1§

Statistical AnalySis

obile’'phase was filtered through a membrane filter (0.22 um)
rate was kept at 1 ml/min and total run time of the method was

ent was monitored at 225 nm.

T, r inetic data were compared by student paired t-test using GraphPad
m 7 S@ftware. The value of p < 0.05 was considered as significant.
T AND DISCUSSION
racterization of PA-F127 pentablock copolymer
he carboxylic group of PA esterified with the hydroxyl groups of Pluronic F127
(Scheme 1). The structure of PA-F127 copolymer was determined by 'H NMR



spectroscopy in CDCIs and & (ppm) of different groups are shown in Table 1. The FTIR
spectra of synthesized copolymer having ester band (C=0O stretching vibration) at
1700.77 cm™ were observed, which confirmed the reaction between PA and F127.
Preparation of glipizide loaded polymeric nanoparticles

The GN was fabricated by the solvent evaporation method with different glipizid
copolymer ratios (Glipizide: PA-F127; 1:1, 1:2, 1:3 and 2:1 w/w) and

concentration of PVA. By this technique, nanoparticles are easily prepared ¢

the other methods. A mixture of PA-F127 copolymer and glipizide i ga ent
forms the organic phase. Aqueous phase comprising PVA was addega.dr y drop into
the organic phase. The organic solvents used in these nanopa ly ‘partitioned

into the exterior aqueous phase and PVA precipitated@round co encapsulated
glipizide particles. The evaporation of the entrappe nic solve leads to the
formation of glipizide loaded polymeric nanoparticles’

Optimization parameters of prepared GN

The GN was optimized on the basis of m pri@perties (in terms of particle size
and surface characteristics), entrapment ien d percentage yield. Particle size
analysis used to characterize nano icles an helps to understand the dispersion
and aggregation®®. With the reduetion ari€le size, enhancement of surface area and
attractive forces between the enerate the possibility of aggregation. To defeat
such aggregation proble@s; us rfactant in the nanoparticle preparation becomes
essential. PVA cange@nca ate the nanoparticles and also work as surfactant by

reducing the aggrega of nanoparticles which keep them suspended in solution after

gssuspension of lyophilized nanoparticles become easy'®?'. The

tive), higher stability is anticipated?%-22.
entr. ent efficiency and percentage vyield is the need of modern nanotechnology-
se@drug development. Generally, those excipients are selected, which can entrap
imum amount of drug and gives the best yield along with other significant
parameters. Higher drug entrapment leads to a reduction in drug loss during the

manufacturing process?223.




The glipizide to PA-F127 copolymer ratios critically affects the particle size as well as
other studied parameters. The optimization data of GN (Table 2) exhibited that the
nanoparticles produced were of submicron size ranging between 242.6 to 891.2 nm.
The zeta potential and PDI values varies between 0.171 to 0.556 and -8.03 to -21.41
mV, respectively. The range of entrapment efficiency and percentage yield was of 3

to 81.13 % and 23.2 to 76.4 %, respectively. Q

4. This happened due to change in the ratios of g to the copelymer. These

preparation trials have been repeated thrice, for rep @ and uniformity of the

ed batch GN1 are shown

results. The particle size and zeta potential an

in Figure 1.

FTIR analysis
FTIR spectra provide a distinct ide@ aboutgintéfaction(s) between diverse functional
groups existing in drug and excipients&&2s. possible interactions between PA-F127,
PVA, glipizide, physical mixtur
FTIR peaks (Figure 2).

The IR spectra of
2941.02 cm™ (C.H
stretching), 1
1337.27
GN1. TRere wasino significant shift in peaks were detected in the physical mixture and
d

icatesthat the glipizide and excipients used were compatible and suitable for current

timized GN1 were investigated by comparing the

izide exhibited peaks at 3250.44 cm™ (-NH stretching),
ing), 1690.44 cm™ (C=0 stretching), 1649.88 cm™' (-CONH-
=C aromatic stretching), 1461 cm' (C-H aromatic bending),

(0=S=0), which are also detected in the physical mixture and

as compared to spectra of PA-F127, PVA, and pure glipizide. This

ation.

analysis



It was found to be useful in the examination of thermal properties of the nanoparticles,
providing quantitative and qualitative manifests about the physicochemical state of the
drug inside the nanoparticles as well as drug-polymer interactions?.

The characteristic sharp endothermic peak at 212.18 °C was observed for pure glipizide

suggested that there was no significant shift in endothermic peak
Hence, there was no interaction between glipizide and poly
selection of excipients was done on the basis of results of FTI
further studies were extended.
XRD studies

The XRD patterns of the PA-F127 copolymer (Figure BVA (Figure 4b) showed
a diffused spectrum having fewer peaks and i-amorphous nature. The
XRD patterns of glipizide showed sever r ks Figure 4c) which were found to
be in line with the previous report?’. Th ac ic sharp diffraction peaks due to
pure glipizide and diffused peaks of PA-F1 olymer and PVA can be seen in the
physical mixture (Figure 5d). Aftg ormulated into nanoparticles, the XRD pattern
of GN1 showed comparativel @ arp peaks (Figure 5e) with reduced intensity and
has partially amorphous “hhisfdecreased intensity shows the reduced crystalline

properties of the dru

M

Surface morpholog

Smooth surfag
be seen
smooth@and herical shaped nanoparticles indicated that the glipizide gets
e la the polymeric matrix. This smooth surface property of nanoparticles
onstrated the complete removal of solvents from the glipizide nanoparticles and a
ign'@f good quality?°.
I@y Vitro studies
he in vitro release of the glipizide from GN1 showed first burst release followed by the

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 on 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 be 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 shows a sustained drug release pattern'?.

Stability studies

in PDI and reduction in zeta potential and entrapment efficienay Peen”observed.
reduction of
ibuted to the

During the storage time, no visual color change
entrapment efficiency and increase in particle size
semi-amorphous character of the amphiphilic PA- lymer in GN1. When
lipophilic part of copolymer exposed to kineti perature or light), semi-

amorphous state changes into the more phaus state which leads to increase

in particle size and expulsion of drug fro eric matrix with the reduction of
entrapment efficiency3°. The results @f stabil] dies were statistically non-significant.
The nanoparticles stored at 5g&.3 ) ed non-significant variation in studied
parameters, which recomme tgthe above temperature was optimum storage
temperature.
Pharmacokinetic stu
The mean plas
of GN1 (1.5
Table 4

to be 285 foldfhigher than the glipizide suspension (p < 0.05). The time required to

0 tration of glipizide vs. time profile adopting a single oral dose

and dlipizide suspension (1.5 mg/kg) in six rats are presented in

he value of peak plasma concentration (Cmax) of GN1 was found

plasma concentration (tmax) after oral administration of GN1 and

pension was 6.0 and 4.0, respectively. The elimination half-life (t12) of GN1

fold ameliorated than the glipizide suspension (p < 0.05). The area under the
e (AUCo-«) of GN1 was 3.3 fold higher compared to glipizide suspension (p <

.05). Finally, the improvement (1.2 fold) in mean residence time (MRT) of GN1 over



pure glipizide suspension (p < 0.05) was recorded. Overall, the oral bioavailability and
circulation time of GN1 was improved significantly.

CONCLUSION

In the present investigation, glipizide nanoparticles were prepared using newl
synthesized PA-F127 copolymer. The drug and excipients were compatible with

other. The optimized nanoparticles batch (GN1) can be best stored at 5 + 3 °

suitable carrier for nanotechnology-based oral glipizide,
Acknowledgment
(UGC), New Delhi for
providing fellowship under Major Project (MRP) Reference No:
FN/42/703/2013/SR. Authors are gratefu
ad fi

The authors are grateful to University Gra

-cum-Scientific Director, Indian
Pharmacopoeia Commission, Ghazj viding chromatographic facilities at
ARD Lab.

Conflict of Interest: No confli @

gfiest was declared by the authors





