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ABSTRACT

Introduction: The main objective of the present study was to develop and evaluate long
circulating pegylated niosomal formulation of albendazole (ABZ). It was hypothesized
thatpegylated niosomes would increase the systemic residence time of albendazole in
the treatment of echinococcosis thus obviating frequent doses of albendazole. Materials
and methods: ABZ was received as a gift sample from SeQuent Scientific Limited,
Mahad. Span 60 niosomes pegylated with Distearoyl-sn-glycero-3-phosphoethanolamine
(DSPE-PEG procured from Sigma Aldrich) were prepared by ethanol injection method.
They were evaluated for particle size, entrapment efficiency, zeta potential, in-vitro
release and pharmacokinetic study. Results and discussion: The pegylated niosomes
were 296.39+0.62 nm in size and spherical in nature. The nanosize of the niosomes
will probably help in targeting the site of treatment of echinococcosis. Zeta potential,
encapsulation efficiency and in-vitro release were 3.44 mV, 98.97% w/v and 92.93%
w/v respectively. T90 of pegylated niosomes was found to be twice (1440.8 min)
as that of free dug (720.2 min). Thus pegylated niosomes prolonged the release of
albendazole. Hemolysis produced was less than 3%; thus niosomes proved safe for
intravenous injection. Conclusion: Developed pegylated niosomes have potential in the
treatment of echinococcosis and hydatid cysts. These niosomes will probably reduce the
frequency of administration of albendazole.
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INTRODUCTION

Alveolar echinococcosis (AE) is a potentially as a serodiagnostic marker.! Humans act
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fatal, chronically progtressive parasitic infec- as intermediate hosts for Echinococcus

tion characterized by a long asymptomatic ~ species and are infected when they ingest
petiod and development of an invasive tapeworm eggs from the definitive host.
tumor-like lesion throughout this period. The eggs may be eaten in foods such as
Eatly diagnosis of AE is very difficult vegetables, fruits or herbs, or drunk in
because of long latent or asymptomatic contaminated water. They can also stick to
period which may be as long as 20 years. the hands when a person pets an infected
The clinical diagnosis is based on patient dog or cat, handles a wild animal or its

history including epidemiological data, clinical ~carcass, or touches contaminated soil and

findings, morphological lesions detected
by imaging studies such as ultrasonography
(US), computetized tomogtraphy (CT), magnetic
resonance imaging (MRI), and immuno-
diagnostic tests such as the enzyme-linked
immunosorbent assay, using purified echino-
coccus multilocularis antigen (Em2-ELISA)
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vegetation.” Cysts formed in human body
are often removed surgically. The success
rate varies with the species of echinococcus
and the location and size of the cyst(s).”

Albendazole (ABZ), [5-(propyl
thio)-1-H-benzimidazol-2yl| carbamate, is

methyl

a benzimidazole derivative effective in the
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treatment of echinococcosis, hydatid cysts and neuro-
cysticercosis.*> It demonstrates variable, unpredictable
and low therapeutic response (20% to 50%) in cases of
echinococcosis.® The probable reason is ABZ’s poor
intestinal absorption (5%) due to its low aqueous solubility.”
This orally administered BCS Class 11 broad-spectrum
anthelmintic is given in higher doses 2-3 times a day
for 6 months to year for hydatid disease.*” Headache,
bleeding and vomiting are few side effects observed.
Repeated dose therapy is the only treatment for this
disease and a course of ABZ for prescribed period has
to be completed by the patients. Hence there is a need
to minimize the dose and dosing frequency which will
lead to lesser side effects and thus increase the efficacy
of ABZ." Previous reports indicated chemo prophylactic
and clinical efficacy of albendazole formulated as
solid dispersions in experimental cystic echinococcosis
which impairs the development of the hydatid cysts."
Albendazole-chitosan microspheres have been reported
by some author for alveolar echinococcosis in mice.'
Albendazole sulfoxide is also used in patients with
hydatid disease.”’ There is evidence from soutces for the
efficacy and safety of albendazole (ABZ) obtained in
the last few years."

Thus, very few reports of enhancement of therapeutic
efficacy of ABZ in echinococcosis are available. There
is a need for development of other drug delivery
modalities. Niosomes are vesicular constructs of non-ionic
surfactants that are widely used in drug delivery tech-
nology. These non-ionic surfactant vesicles are capable
of entrapping hydrophilic and hydrophobic molecules.'
They are uni or multi lamellar vesicles and are formed
from synthetic, non ionic surfactant of alkyl or di-alkyl
poly glycerol ether class. They offer several advantages
desired by formulation scientists. They improve the
therapeutic performance of the drug by protecting it
from the biological environment and restricting effects
to target cells, thereby reducing the clearance of the drug.
They act as a depot to release the drug slowly and offer
a controlled release. They can increase the oral bioavail-
ability of drugs, increase the stability of the entrapped
drug and enhance the skin penetration of drugs. Moreover,
the surfactants used are biodegradable, biocompatible,
and non immunogenic; thus niosomes can be made to
reach the site of action by oral, parenteral as well as
topical route.'® Rokade V.S. reported that ciprofloxacin
in niosomal cream demonstrated improved skin retention
and prolonged local effect for complete eradication of
bactetial infection.'” The PEG-DSPE block copolymers
have been employed to prepare PEGylated liposomes,
which are biocompatible, inert and could be charac-
terized by a long half-life in the plasma compartment

in vivo'™" Kumar etal. concluded that pregabalin
encapsulated in niosomes showed prolonged release
and longer duration of action thereby achieving
sustained release.”’ Gyati ¢ al. revealed that niosomal
formulations of clarithromycin provided sustained
and prolonged delivery of drug with enhanced bio-
availability*' PEGylation is the process of both covalent
and non-covalent attachment or amalgamation of poly-
ethylene glycol (PEG) polymer chains to molecules and
macrostructures such as a drug, therapeutic protein
or vesicle, which is then described as PEGylated. It is
routinely achieved by incubation of a reactive derivative
of PEG with the target molecule. The covalent attachment
of PEG is known to “mask” the attached drug or
protein from the host’s immune system leading to
reduced immunogenicity and antigenicity. It is also
known to increase the hydrodynamic size of the agent
which prolongs its circulatory time by reducing renal
clearance. It can also provide water solubility to hydro-
phobic drugs and proteins. PEGylation offers new
prospects for designing new drug delivery modules and
dosing regimens.”** In a study reported by Zarei ez al.
pegylated niosomes proved better than pegylated lipo-
somes for delivery of paclitaxel.* A report by He ¢z 4.
suggested that pegylated niosomes served efficient
carrier for paenol that effectively solubilized, stabilized
and delivered the drug to the cancer cells.”® Another
report by Huang Y eza/ concluded that pegylated
niosomes improved the stability and cellular delivery of
oligosacchatides.® Azizi and Norouzian too demonstrated
enhanced activity of niosomes of letrozole a potent
agent in breast cancer treatment.”” Arora et.al reviewed
pharmaceutical applications of nano-niosomes in drug,
vaccine and gene delivery. Pegylated hydroxyl campto-
thecin niosome resulted in stealth effect which showed
high antitumor activity of camptothecin.®

The aim of the present study was to increase the efficacy
of ABZ by formulating a long circulating vesicular system.
The niosomal encapsulation shall control drug release
and PEGylation would further prolong in-vivo release
of ABZ. Thus, pegylated niosomes containing ABZ
were prepared and evaluated for size, entrapment
efficiency, i vitro drug release, hemolytic activity and in-
vivo pharmacokinetic profiling.

MATERIALS AND METHODS

MATERIALS

ABZ was obtained as a gift sample from Sequent
Scientific Limited, M.I.D.C. Mahad. DSPE PEG-5000
was received from Sigma Aldrich. Cholesterol and Span
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60 were received from LOBA Chemie, Thane. All other
chemicals and solvents used for the analytical determi-
nation of ABZ were of analytical grade.

METHODS

Preparation of Niosomes: Niosomes were prepared by
modified ethanol injection method.” ABZ (50mg), span
60 (100mg) and cholesterol (150mg) were dissolved in
10 ml of ethanol. The resulting solution was slowly
injected using micro syringe at a rate of 0.25 ml/min
into 10 ml of water. The solution was stirred continu-
ously on magnetic stirrer and temperature was maintained
above 60°C. As the lipid solution was injected slowly into
aqueous phase, stirring continued for 1-1.5 hrs. Vapor-
ization of solvent takes place, resulting in spontaneous
vesiculation and formation of unilamellar spherical
niosomes. After formation of niosomes, DSPE PEG-
5000 (3mg) was added to the niosomal dispersion and
stitred continually for 1h at 25°C to obtain PEGylated
niosomes. This dispersion was bath sonicated for 25min
to reduce particle size of any aggregates formed and
stored at 2-8°C until further use.

Vesicle size and shape analysis

The average particle size of pegylated niosomes were
measured by the method of laser light diffraction using
NANOPHOX (NX0088) particle analyzer. Prior to
measurements, samples were dispersed with 100 ml of
water. The particle size distributions were estimated by
setting the intensity of the scattered light at wavelength
of 750 nm and the scattering angle (0) of 90°C. !

Entrapment efficiency (EE)

The prepared ABZ loaded non-pegylated and pegylated
niosomes were separated from un-entrapped drug by
centrifugation at 3000 rpm for 30 min. The supernatant
was suitably diluted to measure free drug concentra-
tion. The pellet was dispersed in ethanol to break the
vesicles and appropriate dilutions were made to measure
encapsulated drug concentration. ABZ concentrations
were estimated by UV spectroscopy at 297nm.” The %
entrapment efficiency was calculated using the following
formula:

Entrapped drug

% E.E = x100

Entrapped drug + Drug in supernatant

Zeta potential

Zeta potential of non-pegylated and pegylated niosomes
was measured using Zeta sizer Nano ZS. The niosomal

samples were diluted and measurements were carried
out at 25°C.*

Differential Scanning Calorimetry

DSC measurements were performed on a differential
scanning calorimeter equipped with an intra-cooler
(DSC Mettler STAR SW 9.20, Switzerland). Inert atmo-
sphere was maintained by purging nitrogen gas at a
flow rate of 50 ml/min. All accurately weighed samples
(about 3-5 mg) were placed in a sealed aluminum pan,
and the samples were heated under nitrogen gas flow
(20 ml/min) at a scanning rate of 10°C per min from 40
to 240°C. An empty aluminum pan was used as reference.

Powder X-ray diffraction study

X-Ray diffraction studies provide information about
the crystallinity of the sample, which is reflected by a
characteristic fingerprint region in the diffraction pattern.
Studies were carried out using Philips Expertpro MPD
diffractometer (PAN analytical Inc, Germany) with
resolution of 0.001A°. Vacuum grease was applied over
the glass slide to stick the sample. About 10 mg of sample
was sprinkled over to make a layer having a thickness
of ~0.5 mm. The samples were radiated using a Cu target
tube and exposed to all lines (A-1.54056). Scanning
angles 20 ranged from 5° to 40° of. The current used
was 30 mA and voltage of 40 kV.

In vitro release study

In vitro release of albendazole from niosomes was
studied by dialysis method using a dialysis sac (12,000 MW
cut off; Sigma-Aldrich) filled with test samples suspended
in 150 mL of phosphate-buffer (pH 7.4) at 37°C at 50 tpm.
Three different sacs were prepared containing free
albendazole as control, albendazole in conventional
niosomes and albendazole in PEGylated niosomes
(each containing equivalent amount of ABZ). The two
ends of the dialysis sac were tightly bound with threads.
The sac was hung inside a conical flask with the help of
a glass rod so that the portion of the dialysis sac with the
formulation dipped into the buffer solution. The beaker
was kept under stirring maintained at 100 rpm at 37°C
with a thermostatic control. Samples were collected at
15 min, 30 min, 45 min, Thrs, 2hrs, 3h and further 1h
interval over a period of 24 h and assayed spectropho-
tometrically for ABZ content at 297 nm. Equal volume
of fresh release medium was replaced at the same time
intervals. The dissolution data was analyzed for percentage
cumulative drug released at different time intervals.

Kinetics of drug release

The kinetics of the drug release was evaluated by model
fitting method using PCP Disso v3 software and the
model with the highest correlation coefficient amongst
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them was considered to be the best model for kinetics
of drug release.

Hemolytic assay

Fresh rat blood (10 ml) was collected from healthy
donors; fibrogen was removed using ethanol and sub-
sequently the blood was diluted with aqueous NaCl
solution (0.9% w/v) and centrifuged at 2000 rpm for
15 min. The supernatant was removed and the precipitate
was washed with normal saline. The washed precipitate
was diluted with aqueous NaCl solution (1:50 v/v) to
obtain a 2% red blood cell suspension. Tubes were
labeled from 1-7 and each number represented a set of
three tubes. To all of the tubes, 2.5 ml of red blood
cell suspension was added. The tubes labeled 1 were
diluted with 2.5 ml of distilled water as the hemolysis
control (100% hemolysis) and the tubes labeled 2 were
diluted with 2.5 ml of 0.9% isotonic NaCl solution as
the non-hemolysis control (0% hemolysis). The remaining
tubes were diluted with ABZ niosomal suspensions
corresponding to ABZ concentration of 0.25, 0.5, 0.75,
1 and 1.5 mg/ml of niosomal suspension and volume
made up to 5 ml with 0.9% isotonic NaCl solution.
All tubes were incubated for 1h at 37°C and then for
5 min at 0°C to stop hemolysis. Tubes were dislodged
and centrifuged at 2000 rpm for 15 min. Absorbance
of supernatant was determined at 453 nm with UV-VIS
spectrometer. The hemolytic rate (HR) was calculated
according to the equation:

Abs — Abs,,
Abs,,, — Abs,

% Hemolytic rate = X100

Where Abs, Abs,
sample, and absorbance of the sample in solution of
100% and 0% hemolysis, respectively.”

and Abso wetre the absorbance of the

Pharmacokinetic study in rats

Male Wistar albino rats weighing 150-200 g were used
for the study. The animals were housed in polypropylene
cages and maintained under environmental condition
of temperature 25 + 1°C and relative humidity of
45-55% under 12 h light : 12 h dark cycle. The animals
had free access to food pellet and water ad libitum.
All the experimental protocols were approved by the
Institutional Animal FEthics Committee (IAEC) of
Modern College of Pharmacy, Nigdi, Pune constituted
under the guidelines of Committee for the Purpose
of Control and Supervision of Experiment on Animals
(CPCSEA, India) with protocol approval number
MCP/IAEC/184/2015. The CPCSEA guidelines were

adhered to during the housing and experimentation of
the animals.

Experimental design and sample collection

The rats were randomly divided into three groups (three
animals each). Animals were fasted, but provided free
access to water, overnight before the commencement
of the experiment. Group I received ABZ suspension
at the dose of 20 mg/ kg by intravenous route (i.v)
route. Group II and III received non-pegylated ABZ
niosomes and pegylated ABZ niosomes respectively at
the dose of equivalent to 20 mg/kg ABZ by iv. After
mild ether anaesthesia, blood samples were collected
using retro-orbital puncture technique at predetermined
time intervals (0.25, 0.5, 1, 3, 6, 8, 12, 16, 20 and 24 h)
in heparinized tubes serially (0.5 to 2 ml each). Samples
were centrifuged at 5000 rpm for 35 min at 4°C and
the plasma obtained was stored in polypropylene tubes
below -20°C and promptly analyzed by HPLC method.”

Analytical method

The amount of albendazole was determined by the
reverse-phase HPLC method. The HPLC (Water 600)
apparatus consisted of quaternary (gradient system),
HPLC pump (isocratic) equipped with 30 w high reso-
lution UV/Vis detector DATA ACE Chromatography
Software (version 1.50) integrator software and a Grace
smart RP C18 column (4.6 mm X 250 mm and 10mm
particle size). The mobile phase consisted of a mixture
of acetonittile: water (60:40 v/v) at a flow rate of 1 ml/min
that led to retention time of 7 min when detection was
carried out at 235 nm. The method was validated in terms
of accuracy (% CV = 1.31) and precision (%o CV = 1.19).%

Pharmacokinetic and statistical analysis

The pharmacokinetic parameters were analysed by
a non-compartmentalised model with the aid of the
Kinetica software version 5.0. Peak plasma concentration
(Cmax) and times to reach peak concentration (Tmax) were
determined from the individual plasma concentration-time
curves. The terminal climination half-life (t ) was
calculated as 0.693/Ke. The area under the plasma
concentration—time curve (AUC) was calculated using
the log-linear trapezoidal rule. Mean residence time
(MRT) was calculated as AUMC/AUC. The differences
in pharmacokinetic parameters of the study groups
were statistically evaluated by the t-test.

Statistical analysis: Data are reported as mean + SD,
unless otherwise stated. Statistical analysis was carried
out using Graph Pad Prism 7.00 software. All statistical
data was analyzed with the one way analysis of variance
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(ANOVA) test and Kruskal-Wallis test. Difference was
considered to be significant at a level of p < 0.05.

RESULTS AND DISCUSSIONS

Several strategies are being explored to improve treatment
efficacy of the neglected disease, alveolar echinococcosis.
These include identification of novel chemotherapeu-
tically valuable compounds or repurposing available
broad-spectrum anti-parasitic or anti-cancer drugs and
compound classes that are already marketed, or that are
in development for other applications. The availability
of comprehensive Echinococcosis genome information
and gene expression data and z vitro and iz vive models
that give more detailed information on the host-parasite
interactions that occur during drug treatments has really
boosted the discovery of new molecules.”

Another strategy which focuses on improving the treatment
efficacy of alveolar echinococcosis is designing a suitable
drug delivery system. The present study addresses this
strategy and aims at developing pegylated niosomes as
better alternative to oral albendazole delivery. Pegylated
niosomes containing albendazole were prepared by
modified ethanol injection method and evaluated for
various parameters.

In-vitro characterization

As seen in Figure 1(a) and 1(b), the average particle size
of non-pegylated and pegylated ABZ niosomes was
found to be 111.11nm +0.56 and 296.39nm £0.62 with
polydispersity index of 0.0974%0.32 and 0.2707%£ 0.13
respectively. The increase in size pointed out effective
pegylation of niosomes. The nano size of the pegylated
niosomes will probably assist in effective targeting of
ABZ to the site of action. The niosomes demonstrated
good entrapment efficiency of 98.97 + 0.17%w/v. As
depicted in Figure 2(a) and 2(b), the zeta potential was
found to be -7.86 mV and 3.44 mV for non-pegylated
and pegylated ABZ niosomes respectively. The change
in zeta potential again provides evidence of pegylation.
The DSC thermogram [Figure 3(a)] of ABZ displays an
endothermic peak at 210°C which cortesponded to the
melting point of drug. This peak of ABZ, however,
disappeared in the thermogram of drug loaded pegylated
niosomes |Figure 3 (c)] indicating molecular dispersion
of ABZ in the niosomal content.

The XRD analysis [Figure 4(a) and 4(b)| revealed sharp
distinct peaks of ABZ notably at 20 diffraction angles
of 17.53°, 18.73°, 19.87°, 25.56°, 32.67°, 38.78° with
856, 1476, 905, 1763, 5429, 1179 respectively. However,
a reduction in intensity and number of typical diffraction
peaks were observed in the niosomal formulation
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Table 1: Drug Release Kinetics of pegylated, non-pegylated niosomes and free ABZ.

oIS First | |guchi/Matrix | HixsonCrowell Korsmeyer— Eeshilt
Batch order order kinetic T90
model model Peppas model
model model model
R R R r R N Min
ABZ 0.9903 0.9552 0.9112 0.9707 0.9761 0.91 MM* 720.2
Non-pegylated niosomes | 0.9267 0.9382 0.9804 0.9346 0.9708 0.42 MM 900.4
Pegylated niosomes 0.7736 0.7921 0.9882 0.7861 0.9953 0.40 KPM* 1440.8

* MM- Matrix model, KPM- Korsmeyer—Peppas model.

Table 2: Hemolytic study of niosomes.

Tubes Indication Absorbance % HR*
(mean % SD)
100 % hemolysis 0.2879 + 0.03 -
0 % hemolysis (no hemolysis) 0.0127 £ 0.01 -
0.25 mg/ml 0.0155 £ 0.02 1.03
0.5 mg/ml 0.0165 £ 0.01 1.40
0.75 mg/ml 0.0180 + 0.07 1.96
1.0 mg/ml 0.0192 + 0.04 2.40
1.5 mg/ml 0.0202 + 0.09 2.77

*Percent Hemolytic rate, Data was expressed as a mean + S.D. where n=3

Table 3: Pharmacokinetic parameters of ABZ from

the plasma concentration - time profile in rats.

Parameter Free ABZ | NOM-Pegylated | Pegylated
niosomes niosomes
Crmax (ug/ml) 101.6 120.25 112.05
Tmax (min) 0.5 0.5 0.5
T1/2 (h) 5.26 6.35 12.20
AUC, (ug-h/ml) |  862.05 1196.65 1992.14
MRT (h) 7.38 8.89 16.64
Ke 0.131 0.01 0.05

suggesting reduction in crystallinity of ABZ; a property
which may help in solubilization of drug,

From Figure 5, it was observed that ABZ zn-vitro release
was significantly (P = 0.0278) sustained over 24 h by the
pegylated niosomes as 62.85 & 2.06 % drug was released
from pegylated niosomes in comparison to 81.33 £ 0.74
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% of free ABZ in 12 h. As seen in Table 1, T, i.e time
taken for 90% of drug to be released for ABZ from
pegylated niosomes was remarkably higher (1440 min)
than ABZ suspension (720 min). The kinetics of the
drug release was evaluated by model fitting method using
PCP Disso v3 software and the model with the highest
correlation coefficient amongst them was considered to
be the best model. It was found that pegylated niosomes
followed Korsmeyer-Peppas order kinetics (n= 0.4089),
non-pegylated niosomes followed matrix order kinetics
(n=0.9100) and ABZ follows matrix order kinetics
(n=0.4268). The Korsemeyer — Peppas release model
equationis, F = (Mt /M) = km tn Where, F = fraction of
drug release at time t; Mt = amt of drug release at time t;
M = total amt of drug in dosage form; K = constant.
‘n’ is estimated from linear regression of log (Mt/M)
Vs log t. If n = 0.45, it indicates Fickian diffusion;
n<0.45<0.89 indicates non-Fickian diffusion. Non Fickian
diffusion refers to combination of both diffusion and
erosion controlled rate release.

Hemolytic study (Table 2) of pegylated ABZ niosomes
showedthatpercenthemolyticrateathighestconcentration
(1.5 mg/ml) was found to be less than 3 which indicated
that the formulation was compatible with blood.
Pharmacokinetic studies showed that ABZ was detectable
in plasma within 30 min after its administration in rats.
As seen in Table 3 and Figure 6, the Cmax of non-
pegylated and pegylated niosomes were higher as
compared with free ABZ. However, the Cmax of non-
pegylated and pegylated niosomes were found to be
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super-imposable. A low value of area under the curve
(AUC) was observed with free ABZ. Both the niosomal
ABZ displayed high AUC values indicating increased
bioavailability of drug. The half-life of ABZ was found
to be low (5.27 h) in comparison with its pegylated
(12.20h) and non pegylated forms (6.35h). Sustained
release was achieved by niosomal formulations and they
exhibited high half-life indicating that drug remains in
the body for longer period of time. All these parameters
cleatly revealed that the prepared niosomal formulation
exhibited prolonged release of ABZ in rats.

CONCLUSION

The present study concludes that prepared PEGylated
niosomes are better options for delivery of ABZ. The
results proposed that PEGylated niosomes not only
improved the solubility of ABZ but also prolonged the
release of drug and the residence time in systemic circu-
lation. This would allow ABZ concentrations in blood
for longer period and obviate frequent and larger dosing
of ABZ. Moreover, the PEGylated niosomes possess a
size sufficient to allow probable entry in to the deep
target site in the treatment of echinococcosis, hydatid
cysts and neurocysticercosis. Thus, nanosized PEGylated
niosomes are promising delivery systems for albenda-
zole and warrant further 7z vivo experiments.
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SUMMARY

Albendazole demonstrates variable, unpredictable
and low therapeutic response (20% to 50%) in
the treatment of echinococcosis, hydatid cysts
and neurocysticercosis due to its low aqueous
solubility. Prescribed dosage is higher doses 2-3
times a day for 6 months to year. There is a need
to minimize the dose and dosing frequency which
will lead to lesser side effects and thus increase
the efficacy of ABZ.

The aim of the present study was to increase the
efficacy of ABZ by formulating a long circulating
vesicular system. The niosomal encapsulation shall
control drug release and PEGylation would further
prolong /in-vivo release of ABZ.

Thus, pegylated niosomes containing ABZ were
prepared and evaluated for size, entrapment effi-
ciency, in vitro drug release, hemolytic activity and
in-vivo pharmacokinetic profiling.

Pegylated ABZ niosomes demonstrated size of
296.39nm =+0.62 with polydispersity index of
0.2707 £ 0.13, good entrapment efficiency of

98.97 £ 0.17 %w/v and zeta potential of 3.44
Mv.
ABZ in-vitro release was significantly (P =

0.0278) sustained over 24 h by the pegylated
niosomes as 62.85 + 2.06 % drug was released
from pegylated niosomes in comparison to 81.33
+ 0.74 % of free ABZ in 12 h.

Hemolytic study of pegylated ABZ niosomes
showed that percent hemolytic rate at highest
concentration (1.5 mg/ml) was found to be less
than 3 which indicated that the formulation was
compatible with blood.

The C__, AUC and half-life of pegylated niosomes
was higher as compared with free ABZ. Sustained
release was achieved by pegylated niosomal for-
mulation indicating that drug remains inthe body
for longer period of time.
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