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Abstract: Background: Improved bioavailability of Aceclofenac (ACE) may be achieved through
proniosomes, which are considered as one of the most effective drug delivery systems and are ex-
pected to represent a valuable approach for the development of better oral dosage form as com-
pared to the existing product. However, the carrier in this system plays a vital role in controlling
the drug release and modulating drug dissolution. Accordingly, a comparative study on different
carriers can give a clear idea about the selection of carriers to prepare ACE proniosomes.

Objective: This study aims to evaluate the role of maltodextrin, glucose, and mannitol as carriers
for in vitro and in vivo performance of Aceclofenac (ACE) proniosomes.

Methods: Three formulations of proniosomes were prepared by the slurry method using the 100
mg ACE,  500 mg span 60,  250 mg cholesterol  with  1300mg of  different  carriers,  i.e.,  glucose
(FN1), maltodextrin (FN2), and mannitol (FN3). In vitro drug release studies were conducted by
the USP paddle method, while in vivo studies were performed in albino rats. Pure ACE was used as
a reference in all the tests. Lastly, the results were analyzed using the High-Pressure Liquid Chro-
matography (HPLC) method, and data were evaluated using further kinetic and statistical tools.

Results: No significant differences (p > 0.05) in entrapment efficiency (%EE) of FN1, FN2, and
FN3 (82 ± 0.5%, 84 ± 0.66%, and 84 ± 0.34% respectively) were observed and formulations were
used for further in vitro and in vivo evaluations. During in vitro drug release studies, the dissolved
drug was found to be 42% for the pure drug, while 70%, 17%, and 30% for FN1, FN2, and FN3, re-
spectively, at 15 min. After 24 hrs, the pure drug showed a maximum of 50% release while 94%,
80%, and 79% drug release were observed after 24 hr for FN1, FN2, and FN3, respectively. The in
vivo study conducted on albino rats showed a higher Cmax and AUC of FN1 and FN2 in comparison
with the pure ACE. Moreover, the relative oral bioavailability of proniosomes with maltodextrin
and  glucose  as  carriers  compared  to  the  pure  drug  was  183% and  112%,  respectively.  Manni-
tol-based formulation exhibited low bioavailability (53.7%) that may be attributed to its osmotic be-
havior.

Conclusion: These findings confirm that a carrier plays a significant role in determining in vitro
and in vivo performance of proniosomes and careful selection of carrier is an important aspect of
proniosomes optimization.

Keywords: Aceclofenac, proniosomes, niosomes, in vitro studies, in vivo studies, carrier, bioavailability.

1. INTRODUCTION
With  the  advancement  in  formulation  research,  new

strategies  are being  employed to  overcome the  challenges

*Address correspondence to this author at the Pharmaceutics Department,
Dubai Pharmacy College for Girls, Dubai, UAE; Tel: 00971552563898;
E-mail: alishahiwala@gmail.com

associated with the poor bioavailability of drugs.  Multiple
drugs have shown significant enhancement of bioavailability
when formulated  into  vesicular  systems.  Proniosomes and
niosomes are used to enhance the oral bioavailability of poor-
ly water-soluble drugs [1-3], and they can facilitate the ab-
sorption and solve the bioavailability issues [4,  5].  Earlier
findings suggest the role of niosomes in the enhancement of
oral bioavailability of different drugs that belong to different

http://dx.doi.org/10.2174/1567201818666210219105509
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Biopharmaceutical  Classification  System  (BCS)  classes
such as Ganciclovir (BCS class III) niosomes [4], Carvedilol
(BCS class  IV)niosomes  [5],  and  Paclitaxel  BCS class  IV
proniosomes [6].

ACE is  a  BCS class  II  drug  indicated  for  the  relief  of
pain and inflammation in osteoarthritis, rheumatoid arthritis,
and ankylosing spondylitis [7]. However, the low bioavaila-
bility of ACE has limited its uses as compared to other Non-
Steroidal Anti-Inflammatory Drugs (NSAIDs) [7]. The wa-
ter solubility of ACE is reported to be 0.088 mg.mL-1, with
approximately 15% oral bioavailability [8].

Proniosomes  are  dry,  free-flowing  formulations  of  the
surfactant-coated carrier, efficiently rehydrated by brief agi-
tation in hot water to form a multi-lamellar niosomes suspen-
sion suitable for administration by oral or other routes. Pro-
niosomes can enhance the bioavailability of the drugs, either
hydrophilic, amphiphilic, or lipophilic [3]. Proniosomes are
also considered as one of the most straightforward strategies
that can be easily scaled up for the large-scale manufacture
of novel pharmaceutical delivery systems [9]. Proniosomes
are  processed  to  make  beads,  tablets,  or  capsules,  which
make their use easy [10].

The results  of  ACE proniosomes characterizations and
optimization  using  Differential  Scanning  Calorimetry  (D-
SC), Fourier Transform Infrared Spectroscopy (FTIR), pow-
der  X-Ray  Diffractometry  (XRD),  Scanning  Electron  Mi-
croscopy (SEM), drug entrapment, and micrometric proper-
ties are reported earlier [11]. The carrier in this system plays
a vital role in controlling the drug release and modulate drug
dissolution. Accordingly, a comparative study on different
carriers, including proniosomes, can give clear ideas about
the selection of carriers to prepare ACE proniosomes. This
manuscript examines the role of three different carriers (glu-
cose, maltodextrin, and mannitol) for in vitro and in vivo per-
formance of ACE proniosomes.

2. MATERIALS
ACE (COS Grade) was received as a gift  sample from

MEDA PHARMA (Dubai, United Arab Emirates); glucose
(D) and D-(-)- mannitol were purchased from VWR Chemi-
cals BDH® (London, England); maltodextrin (reducing sugar
(dextrose equivalent): <= 20.00%) was purchased from Hi-
media Laboratories (Mumbai, India); cholesterol was from
MP  Biomedicals;  and  LLC,  Span  60,  chloroform  and
methanol  were from Merck (Darmstadt,  Germany).  HPLC
grade  acetonitrile  was  purchased  from  Fisher  Scientific
(UK). Disodium hydrogen phosphate, potassium dihydrogen

phosphate, and sodium chloride were procured from Fluka
Analytical  (Seelze,  Germany).  All  chemicals  used  in  the
study were of analytical grade.

3. METHODS
Preparation of proniosomes was done by using the slurry

method  as  described  in  our  earlier  publication  [11].  First,
100mg ACE, 500 mg Span 60, and 250 mg cholesterol were
added to  a  50 mL (1:  1)  chloroform to  methanol.  Second,
All the above ingredients were dissolved completely. Then,
the different carriers (glucose, maltodextrin, and mannitol)
were weighed accurately and placed in a 250 mL round bot-
tom flask. After that,  the above mixture was placed in the
250 mL round bottom flask containing the various amounts
of the carrier as described in Table 1. Afterward, solvent eva-
poration was carried out by a rotary evaporator (IKA, HB 10
Basic) under vacuum for 40 minutes at 40 ºC at 80 rpm. Fi-
nally,  the  prepared  proniosomes  were  dried  overnight  by
placing them in a room temperature incubator (37 ºC). The
obtained proniosomes were stored in a tightly closed contain-
er at room temperature for further studies [12].

Proniosomes were hydrated using 50 ml of warmed dis-
tilled water (80º C) with gentle handshaking for 5 minutes.
The procedure for the proniosomes hydration was similar to
what Song et al. applied with little modifications [2].

3.1. In vitro Drug Release
The in vitro drug release of the optimized proniosomes

was  carried  out  using  USP  Type  II  Apparatus  (Paddle
method) [13]. Where the apparatus was adjusted to 100 rpm
at 37 ± 0.2 in a 900 mL of fresh phosphate buffer (pH 6.8)
as  a  dissolution  medium.  50  mL of  hydrated  proniosomes
were added (equivalent to 100 mg ACE). The pure drug was
added to the medium as a fine powder (100 mg). Aliquots (4
mL) were withdrawn at definite intervals of 0.25, 0.5, 1, 2,
4, 8, 12, and 24 hours. The volume of the withdrawn sam-
ples was replaced by phosphate buffer. Each sample was fil-
tered through a 0.45 µm membrane filter and analyzed by a
validated HPLC method.

An HPLC system (Shimadzu Prominence model CTO -
10AS VP) with a UV detector was used for the analysis. A
Hypersil Gold C18 column of 250 * 4.6 mm (length * dia)
and the particle size of 5 µm (Thermo scientific) was used
as a stationary phase. The chromatographic conditions used
[14]  are  as  follows;  mobile  phase:  phosphate  buffer  (pH
5.0): acetonitrile in a ratio of 60:40 (v/v), the wavelength of
detection 275 nm, flow rate: 1.0mL.min-1, and temperature:
room temperature.

Table 1. Formulation and characterization parameters of ACE proniosomes [11].

Formulation Parameters Characterization Parameters*

Formula code ACE
(mg)

Span
60

Cholesterol
(mg)

Solvent
(mL) Carrier EE

(%) Z-Average (d.nm) PDI Zeta Potential (mV)

FN1
100 500 250 50

1300 mg glucose 82 ± 0.5 5240 ±128 0.575 - 46.3 ± 5.96
FN2 1300 mg of maltodextrin 84 ± 0.66 6403 ±25 0.701 - 45.2 ± 5.14
FN3 1300 mg of mannitol 84 ± 0.34 4669 ± 20 1.000 - 48.5 ± 5.06

* Data are means ± SD (n = 3).
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ACE  concentrations  in  aliquots  and  the  percentage  of
drug dissolved were calculated by the standard curve devel-
oped by the HPLC method. A dissolution curve representing
the concentration versus the time was plotted. The data of
drug release was evaluated kinetically in comparison with
the pure drug of ACE. Model-dependent methods were con-
ducted to describe the dissolution profiles based on different
mathematical  models,  including  zero-order,  first-order,
Higuchi,  Korsmeyer-Peppas,  and  Hixon  Crowell  models
[13].

A  menu-driven  add-in  program  for  Microsoft  Excel
called DD Solver [15] was used to derive the different mod-
els.  Minitab  version  17  is  the  software  used  for  statistical
analysis of derived data.

3.2. In Vivo Drug Release
The animal study on rats began after obtaining the appro-

val of the Institutional Animal Care and Use Committee; In-
ternational Islamic University Malaysia (IACUC IIIUM), II-
UM/IACUC. Approval/ 2018/29.

Sprague  Dawley  Albino  rats  of  either  gender  with
175-200  g  body  weight  at  the  time  of  the  study  aged  2-3
months old were used in this study. Rats were procured be-
fore 2 weeks of study, and they were acclimatized by keep-
ing a controlled environment (24 ± 2 °C; 55 ± 10% relative
humidity) as per other reported studies [16]. Rats were divid-
ed into five groups of six rats in each group. A single oral
dose was used in the study. All groups were fed a similar 10
mg.kg-1 of the rat body weight dose of ACE. The dose was
calculated according to the Human Equivalent Dose (HED)
and No Observed Adverse Effect Level (NOAEL), accord-
ing to the following equation (1) [17].

(1)

Group  1  received  a  placebo,  while  group  2  received
ACE pure powders. Group 3, 4, and 5 received three differ-
ent formulas containing maltodextrin, glucose, and manni-
tol, respectively. Capillary tubes were used to collect blood
samples (around 0.5 mL) from the retro-orbital sinus into he-
parinized tubes at 0.5, 1, 1.15, 1.30, 2, 4, 6, 8, and 12 h fol-
lowing the dose. The timing of the blood sampling was ad-
justed after a small pilot study on 2 rats only to ensure the
proper time of sampling.

The plasma samples  were prepared for  HPLC analysis
through the following steps: 90µL of plasma was added to a
1.5 mL centrifuge tube. A 10 µL of internal standard (Carba-
mazepine solution 500 µg.mL-1) was added and vortexed for
10 seconds by semi-automated vortex equipment (VELP Sci-
entifica vortex). Then, 200 µL of acetonitrile was added and
again vortexed for another 10 seconds. The above mixture
was centrifuged at 10000 rpm for 10 minutes. Then, the su-
pernatants  were  taken  and  diluted  with  mobile  phase  to  1
mL in 2 mL HPLC vial insert. The samples were filtered us-
ing  a  0.22  µm  nylon  membrane  filter  (Thermo  scientific)
and  were  analyzed  by  HPLC.  The  vial  inserts  were  used
with HPLC vials to give effective measurements due to the
small volume.

3.3. Pharmacokinetics and Statistical Analysis
Using the HPLC plasma standard curve, the plasma con-

centration of ACE at different time intervals was subjected
to pharmacokinetics (PK) analysis. Accordingly, the follow-
ing PK parameters were calculated: Maximum plasma con-
centration (Cmax) and time to reach maximum concentration
(Tmax) that were found directly from the plasma concentra-
tion profile. The area under the plasma concentration curve
(AUC0-t and AUC0-∞), AUC0-t was calculated using the trape-
zoidal method (t is the last measurable concentration), while
AUC0-∞ was calculated using the following equation, where
Ct is the concentration of drug in solution at time t, and Kel
is the elimination rate constant (Eq. 2):

(2)

The elimination rate constant (Kel) was determined from
the slope of the logarithm of plasma concentration and time
(after multiplying with 2.303), while the half-life (t1/2) was
calculated by the following equations 3 and 4:

(3)

Lastly, the relative bioavailability F (%) was determined
by:

(4)

F (%) means the relative bioavailability.
Pharmacokinetics parameters were derived using Micro-

soft Excel and DD Solver. Data were analyzed statistically
using Minitab 17.

4. RESULTS AND DISCUSSION
Carriers  are  an  integral  part  of  proniosomes  composi-

tion. They permit the flexibility in the ratio of surfactant and
other components incorporated and also increase the surface
area  and  enhance  drug  loading.  Different  carriers  can  be
used in the preparation of proniosomes. Maltodextrin is one
of the preferred carriers in the formulation of other drug de-
livery systems [9]. At the same time, mannitol is an organic
crystalline compound formed from the reduction of  sugar.
Glucose is also considered an important carrier; however, it
is not used widely in the formulation of a novel drug deliv-
ery system [18]. Hence, maltodextrin, mannitol, and glucose
were selected to prepare ACE proniosomes to study the ef-
fect of different carriers on such a system.

The optimized proniosomal formulations that have been
concluded earlier by Rana et al. [11] were used for further in
vitro and in vivo evaluations. Proniosomes were prepared by
the slurry method, and niosomes derived from proniosomes
exhibited  good  stability,  high  entrapment  efficiency,  and
drug content Table 1. The optimized formulations were con-
sisted of 100 mg ACE, 500 mg Span 60, 250 mg cholesterol
with  different  carriers,  i.e.,  glucose  (FN1),  maltodextrin
(FN2), and mannitol (FN3) with entrapment efficiency (%)
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of  82±0.5%,  84±0.66%,  and  84±0.34%  respectively  and
were  used  as  such.

4.1. In vitro Drug Release
The  results  of  the  in  vitro  drug  release  by  the  paddle

method  were  analyzed  using  different  techniques,  such  as
graphical presentation, model-dependent method, and statisti-
cal  analysis.  At  15  minutes  time  point,  significant  differ-
ences (p <0.05) in drug release were observed between the
different  formulations  Fig.  (1).  The  drug  release  for  ACE
pure drug was 42%, FN1 was 70%, FN2 was 17%, and for
FN3, it was 30% at 15 min. Physicochemical characteriza-
tion of the prepared proniosomes concluded non-significant
differences in terms of entrapment efficiency, vesicle size,
and content uniformity, as reported earlier [11]. Therefore,
these differences may be attributed to the physical charac-
teristics of the carrier used. Glucose presented in FN1 is con-
sidered a crystalline substance [18] and may destabilize the
noisome membrane resulting in the fast and burst effect in
the niosomes. Mannitol is also considered a crystalline subs-
tance, but there was no burst effect in FN3. This may be de-
fended by the high osmosis capacity of mannitol [19]. Mal-
todextrin showed no characteristic crystalline peaks indicat-
ing its amorphous nature [20]. Amorphous particles are ex-
hibiting fast-dissolving characters, which can lead to a fast
dissolution but without burst effect as in glucose.

The pure drug showed a maximum of 50% release dur-
ing the test period of 24 hrs which is attributed to the poor
water solubility of the drug. ACE niosomes showed the re-

lease of 94%, 80%, and 79% after 24 hr for FN1, FN2, and
FN3, respectively. These findings are in agreement with the
findings of a study on candesartan cilexetil proniosomes that
also used the paddle method for in vitro release [21]. Accord-
ing to the ACE proniosomes (FN1, FN2, and FN3) findings
and  other  research  works  that  have  been  done  previously
[13], proniosomes exhibit drug release promptly after admin-
istration and reaching the maximum within 4 hours with the
absence of  an extended-release  mechanism.  In  the  case  of
valsartan proniosomes with maltodextrin as a carrier, the re-
sults  illustrated  60% drug  release  after  1  hr,  then  reached
around 70% after 2 hr [12]. Similarly, FN2, which has mal-
todextrin as a carrier, shown 74% and 80% drug release af-
ter 1 hr and 2 hr, respectively. The in vitro drug release of
celecoxib  proniosomes  with  sorbitol  as  a  carrier  was  also
conducted  by  the  paddle  method,  and  the  results  revealed
48% of  the  drug released after  1  hr  and 75% within 4  hrs
[13].

The purpose of release models is to explain the kinetics
of  a  drug  released  from  the  dosage  form.  Release  models
can be either mechanistic or empirical.  The following is  a
brief review of some release models. Zero-order release ki-
netics is a release process where the drug is constantly re-
leased from a drug delivery device regardless of the concen-
tration. It is expressed by osmotic pump systems, transder-
mal systems, matrix tablets with low soluble drugs, and coat-
ed forms [22]. In comparison, the first-order equation deter-
mines the release from a system when the release rate is de-
pendent on concentration [22].

Fig. (1). Dissolution profiles of FN1, FN2, FN3 and pure ACE by the paddle method (mean ± SD; n=3). (A higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).
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The Higuchi model is useful for examining the release of
water-soluble and low-soluble drugs included in semisolid
and solid matrices. The simplified Higuchi model explains
the release of  drugs from the insoluble  matrix  as  a  square
root of a time-dependent process based on a Fickian diffu-
sion  equation  [23].  The  most  important  advantage  of  this
model is that it enables device optimization and makes it pos-
sible to understand the underlying drug release mechanisms
better. The Higuchi and zero-order models are used to deter-
mine the limits for transport and drug release [23].

While the Hixson-Crowell  cube root  law describes the
drug release from systems when the surface area and the di-
ameter of particles or tablets change if there is no change in
the shape as the suspended solid dissolves. It is usually used
for  a  drug powder  consisting  of  uniformly sized particles.
This model depends on the assumption that the release rate
is limited by the drug particles' dissolution rate and not by
diffusion [24].

Lastly, the Korsmeyer-Peppas model is an empirical equ-
ation  to  examine  the  Fickian  and  non-Fickian  release  of
drugs  from  swelling  and  non-swelling  polymeric  delivery
systems [25].

The  above-mentioned  mathematical  models  were  used
for the parametric representation of the dissolution data. The
following models: zero-order, first-order, Higuchi, Korsmey-
er-Peppas,  and Hixon Crowell  [2],  were applied and com-
pared, as shown in Table 2.  The correlation coefficient (r)
value was used as the model selection criteria with a value
closest to 1.

Referring to the Korsmeyer-Peppas model, the n value
of  FN1,  FN2,  and FN3 was n <0.5 that  complies  with the
previous findings of FN1 and with other research works that
have confirmed the diffusion mechanism as the mechanism
of the drug release in the niosomal formulations [23]. FN1 il-
lustrated the highest k and the lowest n value as an indicator
of a burst effect in the prepared system. Both FN2 and FN3
fitted to the first-order model. Moreover, the first-order mod-
el  explains the release of  poorly water-soluble drugs from
their water-soluble carrier [2]. Also, the first-order model is
the best fitting model for ACE dissolution as a Class II drug
[26].

4.2. In vivo Drug Release
The in vivo drug release results obtained after the single

oral  dose  (equivalent  to  10mg  ACE.kg-1  of  the  animal
weight) of FN1, FN2, FN3, and the ACE pure drug are illus-
trated in Fig. (2). According to Fig. (2), ACE proniosomes
showed improved rate and extent of drug absorption where
the plasma drug concentrations were detected from 1st sam-
pling point (0.5 hr), reaching Cmax within one hour, whereas
no  plasma  drug  concentrations  were  detected  for  the  pure
drug until 1.5 hours with maximum concentration was 0.66
µg.mL-1at 3 hr. The Cmax of FN1, FN2, and FN3 were signifi-
cantly  higher  (p<0.05)  than  the  Cmax  of  the  pure  ACE.
Among proniosomes, FN2 exhibited the highest plasma con-
centration (10.39 µg.mL-1) followed by FN1 (4.10 µg.mL-1)

and the least with FN3 (2.89 µg.mL-1). However, the t1/2 was
decreased  while  the  Kel  increased  from  0.667  hr-1  for  the
pure  drug to  0.985,  1.05,  and 1.76 hr-1  for  FN1,  FN2,  and
FN3,  respectively.  The  fast  absorption  and  elimination  of
ACE entrapped niosomal formulation might be due to the en-
hanced solubility of the active agent in the gastrointestinal
system [6].

As  summarised  in  Table  3,  the  Cmax  of  pure  ACE was
0.66 µg.mL-1 with an AUC0-t of 4.851 µg.hr.mL-1. These re-
sults were analogous with earlier pharmacokinetics studies
of  ACE  tablets  on  Wistar  rats  using  the  same  dose
(10mg.kg-1)  in  which  the  Cmax  was  found  as  0.96  µg.mL-1,
and  the  AUC0-t  was  3.11  µg.hr.mL-1  [27].  AUC0-t  of  4.851
µg.hr.mL-1  for  the  pure  drug  was  increased  to  5.175
µg.hr.mL-1 and 10.693 µg.hr.mL-1 with a corresponding in-
crease in relative bioavailability of 183% and 112% for FN2
and FN1 respectively. Even though FN3 showed a high Cmax

compared to the pure drug, it was eliminated fast and thus
led to a reduced AUC0→∞ compared to the pure drug.

These  results  are  comparable  to  earlier  studies.  ACE
nanocrystals  have been prepared in  an  attempt  to  enhance
the ACE bioavailability. The results revealed increased Cmax

from 1.96 µg.mL-1 with the pure drug to 3.75 µg.mL-1 in the
prepared nanocrystals, while the time to peak concentration
(Tmax) was 1 hr and the Kel  increased from 0.202 hr-1  (pure
drug)  to  0.267  hr-1  (ACE  nanocrystals)  [28].  As  well,
AUC0→12 has been increased from 5.8 to 9 µg.h.mL-1 in the
ACE nanocrystals. In another study, co-crystals of ACE by
using the chitosan also suggested an increase in Cmax and Kel

with a decrease in half-life [8].
In  general,  niosomes  are  believed  to  enhance  the  oral

bioavailability of BCS class II drugs; the biopharmaceutical
characteristics of which are poor aqueous solubility and high
permeability. The niosomal formulation of ganciclovir also
exhibited a five-time increment in the bioavailability of gan-
ciclovir after oral administration as compared with the tablet
[4]. Moreover, tenofovir disoproxil niosomal formulation ex-
hibited a more than twofold increase in oral bioavailability
[29].  In  the  case  of  proniosomes,  the  carrier  is  used  in
greater  quantities  compared  to  niosomal  components  (i.e.,
surfactant  and  cholesterol),  and  niosomal  components  are
coated on the carrier; the dissolution behavior of the carrier
can significantly affect the rate of niosome formation and re-
lease  of  the  drug  from the  niosomes.  In  our  formulations,
1300 mg of different carriers were used. FN2 that has mal-
todextrin  as  a  carrier  exhibited  the  fastest  absorption  with
the highest Cmax. Maltodextrin has been used widely in the
preparation of fast dissolving tablets or film. It consists of
linear amylase, branched amylopectin, and a relatively small
amount of dextrose and maltose, which is responsible for its
high solubility, and thus, it was always selected in fast-dis-
solving dosage forms [20]. Also, it was found to be the less
crystalline carrier according to the previous studies done on
the characterization of the proniosomes and niosomes earlier
[11]. The less crystallinity of maltodextrin could be another
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reason for its fast solubility and thus enhanced dissolution
and bioavailability.  The least Cmax  and F (%) was with the
proniosomes prepared with mannitol as a carrier. Mannitol
is known to be an osmotic substance that holds water in the

small bowel lumen, thereby causing the net flux of water to
be into the small bowel rather than the normal outward direc-
tion into plasma [30]. This may be the reason for the poor
diffusion rate and low oral bioavailability compared to other
formulations.

Table 2. Drug release kinetics (model dependent).

Batch Zero Order First Order Higuchi Korsmeyer-Peppas Hixon Crowell
- r k1 r kh r n k r khc r

Pure Drug 17.6 0.616 0.358 0.748 34.3 0.749 0.071 48.5 0.856 0.093 0.703
FN 1 31.82 0.946 3.57 0.864 61.4 0.986 0.098 80.64 0.998 0.374 0.989
FN 2 27.85 0.557 1.50 0.836 52.5 0.662 0.249 63.3 0.720 0.326 0.783
FN 3 27.9 0.783 1.06 0.957 51.07 0.868 0.331 58.13 0.893 0.293 0.953

k is the zero-order release constant, k1 is the first-order release constant, kh is the Higuchi release constant, k is the Korsmeyer-Peppas release constant, n is the release exponent, khc

is the Hixon Crowell release constant, and r is the correlation coefficient.

Fig. (2). Plasma concentration profile for different proniosomal formulations and pure drug (values expressed as mean ± SD of six animals
each). (A higher resolution / colour version of this figure is available in the electronic copy of the article).

Table 3. Pharmacokinetic parameters obtained after the in vivo study (n=6).

Parameters FN1 FN2 FN3 Pure Drug
Cmax (µg.mL-1) 4.10±0.8 10.39±0.9 2.89±0.7 0.66±0.03

Tmax (hr) 1±0.1 0.5±0.1 1±0.1 3±0.2

AUC0-t (µg.hr.mL-1) 5.18±0.4 9.39±0.7 2.68±0.3 4.85±0.6

AUC0-∞ (µg.hr.mL-1) 6.14±0.5 10.69±0.8 2.93±0.4 5.45±0.7

kel (hr-1) 0.99±0.01 1.05±0.01 1.76±0.02 0.67±0.01
t1/2 (hr) 0.7±0.01 0.66±0.01 0.39±0.01 1.03±0.01

F% 112.8±2.3 183.5±2.4 53.7±1.9 -
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CONCLUSION
Three proniosomal formulations were prepared using the

slurry  method.  They  consisted  of  100  mg  ACE,  500  mg
Span 60, 250 mg cholesterol with different carriers, i.e., glu-
cose  (FN1),  maltodextrin  (FN2),  and mannitol  (FN3),  and
were assessed for in vitro and in vivo drug release. In vitro
drug  release  concluded  an  average  of  80%  ACE  released
from  niosomes  in  comparison  to  50%  released  from  pure
powder, and the ACE dissolution was best fitted to the first-
order model. In vivo drug release exhibited a fast and com-
plete absorption of ACE from niosomes prepared with glu-
cose and maltodextrin, while mannitol failed to give a com-
plete  absorption  profile.  ACE plasma concentrations  were
significantly different in the different proniosomal formula-
tions. Significantly, the physical characterization of the carri-
ers used played a vital role in the release and absorption of
the  drug  from  the  niosomal  preparations.  The  maltodex-
trin-based formulation was highlighted with its fast absorp-
tion and elimination with almost 183% relative bioavailabili-
ty  in  comparison  with  the  pure  drug.  Similarly,  the  glu-
cose-based formulation also has an average of 112% relative
bioavailability.  Such  improvement  leads  to  the  enhanced
bioavailability of ACE by the use of proniosomes and nio-
somes.  Mannitol-based  formulation  exhibited  low  plasma
concentration and low absorbed percentage after oral admin-
istration, which led to its meagre chance to be used as a carri-
er for such novel systems. Based on these findings, glucose
and maltodextrin could be considered as suitable carriers for
proniosomes preparation and can be used for the preparation
of proniosomes with other low bioavailable drugs.
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