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INTRODUCTION : It has been reported thatSolubility, dissolution and eventually
approximately 40% and even greater number a@fastrointestinal pemeability are the major factors
active pharmaceutical ingredients (APIs) beingvhich determine the bioavailability and absorption
recognizedvia combinatory screening programmedof a drug. However, a number of drugs under
are poor watesoluble. investigation have poor aqueous solubility and
potentially this can lead toraore striking situation

ICK RESPONSE I .
UICK RESPONSE O er in the future. Over the pasfew decades,
E E 10.13040/IJPSR.09HR2327(10).397185 nanoparticles (NPs) have been gaining momentum
to tackle problems associated with poor solubility
Article can be accessed online on: and low bioavailability and significantly improved
EI www.ijpsr.com therapeutic potential of pharmacological moieties.
- - An optimumreduction in the particle sizef NPs
DO link:http://dx.doi.org/10.13040/IJPSR.0982327 (10).397185 h . .
could lead to a substantial increase in the
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dissolution rate of a drug which in turn could resultess water soluble polymer to reduce systemic
in marked increases in oral bioavailabilty The clearance rate and prolong circulation Hiéé in
recent approachessed to prepare driigaded NPs vivo * ' The high hydrophilic nature of PEG
can be classified into two main categories: topnhances the solubility of hydrophobic drugs or
down and bottom up approach&sThe top down carriers when cgogated with them. One of the
method refers @&echniqueof producing NPs from useful strategies for modifying the physicochemical
the larger micro particlewvia disintegration or and biological properties of hydrophobic and
breaking agglomeration. This technique includebiodegradable PLGA has been to incorporate
high pressure homogenirat and media milling hydrophilic PEG segments. PLGREG block
method °. In contrat the bottom up approachcopolymers became a new family of biomatevial
involves the aggregation of molecules to nanowith their own unique properties including
range sized particles such as mieraulsion, microphase separation, crystallinity, water
micro-precipitation and melkemulsification solubility, and biodegradability.

methods’. . _ _
Carvedilol (CVvD) is a nonsel-ect i

Among several biodegradable polymepsly (o,- a dr e n o c e p tadrensceptars blockér and
lactic acid) (PLA), poly§,-lactic-co-glycolic acid) exhibitsstrong blood pressure lowering effevia
(PLGA) and poly(3caprolactone) have received avasodilatation and reduction in heart contractility.
noticeable attraction in drug delive®®. These The chemical structure of CVD is shownFig. 1.
biodegradable polymers and their -polymers CVD belongs to BCS Il class of drugmmpounds
diblocked or multiblocked with PEG have beerwhich have high permeability but poor water
commonly used to form cdrehell structured NPs solubility. Therefore the oral bioavailability of
to encapsulate a variety of therapeutic compound®/D accounts only 25 to 35% because of slow rate
10 These NPs have a number of appealingf dissolution and a highgrade of first pass
features: their hydrophobic core is capable ahetabolism 2. Lower dissolution and poor
carrying highly insoluble drugs with high loadingsolubility eventally would result in variable and
capacity, while their hydrophilic shell provideserratic absorption in gastrointestinal tract following
steric protectiorand functional groups for surface oral administratiort®.

modification. Drug release can be manipulated by o ) . .
choosing biodegradable polymers with different his critical issue has beennaajor hindrancen
surface or bulk erosion rates, and extern&lrug development. The poor \_Natt_-:'_r solubility issue
conditions such as pH and temperature changi@lowed by a low bioavailability has been
may function as a switch to triggdrug release® frque_ntly rept_)rted for the dlr7ugls8 which are_belng
12 However to date polymeric NPs have showRdministeredvia oral route =" ™ Formulation
moderate circulation halives compared to their Strategies for —overcoming dissolutioelated
liposomal counterparts, which could be modifie®roblems of CVD include: use of lipophilic
via coating with inert and biocompatible po|ymerssolutlons,salt form of drug, formation of inclusion

such as polyethylene glycol (PES. complex with cglodextrin, use of seiémulsifying
system, and preparation of CMBaded polymeric
Ethyl cdlulose (EC), being semi synthetic materialNPs using ardsolvent precipitation

and exhibiting  promising features of ultrasonication method.

biocompatibility and biodegradability, has been _ _ _
studied extensively in thepreparation of drug Herein we report the systematic preparation and
carrying nanecarriers. Owing to poor water characterlzathn of Cvboaded EG, PEG and
solubility its use in various fieldsas however been PLGA-PEG diblock opolymer based NPs. We
declined PEG which is an inert, biodegradable angvaluated parameters that could influermee
biocompatible polymer has some other paramouﬁhell_nanostrgcture to find an thlmal formulatl_on,
pharmaceutical attributes which incmdephy_smochemlcal _characterlstlcs,_ morpholgglcal
hydrophilic nature and low intrinsic toxicity and attributes, andn vitro release profileThe major
has gained remarkable attention in recent fefcuss of the present study was tpimization of
decales to shield encapsulated drugs and to cosglubility and dissolution of CVD by fabricating in
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various biocompatible and biodegradable polymenfdV 70.1 Ti rotor (BeckmaiCoulter, USA) for 30
and to evaluate their potentials to enhance the rateén. Afterward, the NPs sediment and supernatant
and extentdrug absorption through the oral route. were separated carefully by removing supernatant
layer and the NPs were washed thrice to remove
any taces of PVA prior to lyophilisation (Scanvac

s | Cool Safd™, Chemoscience, Thailand) at0 °C

for 24 h for further evaluation.

Carvedilol (CVD) OCH

L 0]
N . :
O/\Oﬁ\ H We investigated the effect of several parameters on

the physicechemical characteristics of prepared

polymeric NPs. In the first s@f experiments, we

used different mass ratios of three polymers (EC,
N PEG, PLGAPEG diblock copolymers) with CVD

H as: 1:1 (CVD: EC/PEG/PLG#REG), 1:2.5 (CVD:
FIG. 1: CHEMICAL STRUCTURE OF C ARVEDILOL (CVD). EC/PEG/PLGAPEG) and 15 (CVD
2 MATERIALS AND METHODS : EC/PEG/PLGAPEG) and characterized them for

2.1. Materials Polylactic acid ceglycolic acid Mean particle size, zetpotential, polydispersity
(PLGA 75:25) was purchased from lvomec USAInNdex (PDI), entrapment efficiency (%EE) and
Polyethylene glycol (PEG 8000), Ethyl cellulosd®@ding contents (%LC). In the second set of
(EC), Polyvinyl alcohol (MW 3@0 kDa), €Xperiments we evaluated the effect of various
dichloromethane was purchasedorh Sigma PesS of polymer on the characteristics -IRT
Aldrich, Malaysia. Carvedilol (CVD) was sourcedSPECtra, morphology, and vitro release kistics.

as a sample from Feroz Sons laboratory Nowsherg, ..o terization of CVDloaded EGNPs, -

Pakistan. All other chemicals used were o EG-NPs and -PLGA-PEG-NPs The sediment
analytical grade and were sourced from Iaboratori%%”ets of loaded NPsCYD-loadedEC-NPs, -
of Universiti Teknologi MARA, Malaysia. PEGNPs and -PLGA-PEGNPS) obtained after

2.2. Preparaion of CVD-loaded EGNPs,-PEG-  Ultracentrifugation ~ were  resuspended  and
NPs and -PLGA-PEG-NPs To prepare CVD dispersed in distilled watefTo further improve the

loadedEC-NPs, -PEGNPs, -PLGA-PEGNPs, dispersion and segregation of particulate
CVD and polymer (EC, PEG, PLGREGdiblock aggregates, the Nassmspension was stirred at

copolymers) were dissolved inictiloromethane 2000 rpm using magnetic stirrer for 10 min. The
with various drugo-polymer mass ratios (1:1, resulting Nanesuspensions were then subjected to
1:2.5, and 1:5). The individual drugpolymer ZS90 Zetasizét (Malvern Instruments Ltd., UK)

solution was then introduced into the aqueou® Measure the mean particle size, zeta potential
solution of PVA dropwise under constanagnetic and PDI using the dynamic light scattering
stirring to form emulsion (o/w). The resultingteChn'que- All measurements were performed in

emulsion was stirred at 1000 rpm for 20 min an{iPlicates at 25°C with a detection angle of 90°.
was subsequently homogenised®&600 rpm for 5 Results were reported as mean * standard deviation

min using a high speed homogenizafterward, (S.D.) (n=3).

the homogenized emulsion was diluted witr2_3_ Measurement of %EE and %LC: To
equivalent volume of aqueosslution of PVA and measure the %EE and %LC of CVD in CVD
was stirred for 24 h under fume hood to allow,,4e4EC-NPs, -PEGNPs and-PLGA-PEGNPs,
diffusion of _d_lchloromethane to aqueous phé_ls‘?he corresponding standard calibration curve was
After an efficient removal of residual organic ,oqa by subjecting various asidard solutions
solvent under fume hood, unwanted small particlgs,,p (1 to 100@g/mL) to UV-visible

were removed by centrifugation at 10,000 rpm fog o
. pectrophotorter. The characteristic peak of CVD
10 min. The resulted EQIPs, PEGNPs or PLGA was measured at 286 nm. The %EE and %LC of

PEGNPs were harvested by ukcantrifugation at CVD were calculated usineguation 1 and 2
28000 rpm using an Opa L-100 XP oo o ¥a

Ultracentrifuge (BeckmaQoulter, USA) with a
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EE (%) = W - W¢/W; x 100 (Equation 1)  rpm. In doing so, accurately weighed bul¥/D

— - and CVDloadedEC-NPs,-PEGNPs and-PLGA-
LC (%) = W - Wi/Wi x 100 (Equation 2) PEGNPs (amount equivalent to 12 mg of CVD)
Where,Wis the total initial amounof CVD andWt  were dispersed in 500 mL of buffer dissolution
is the amount of free drug in the supernatant aft@fiedia at pH 1.2, 6.8 and water. At predetermined
ultracentrifugation.W, is the average weight of time points (5, 10, 15, 30, 45 and 60 min), 5 ail
lyophilized CVDloaded NPs obtained from all dissolution mediawas drawn and supplemented
polymers. All measurements were performed iith equivalent volume of fresh dissolution media.
triplicate and were reported as mean + S.D ()).= 3 Afterward, the samples were filtered using filter
paper and thedrug contents were measured by
using U\tvisible spectrophotometer at 286 nm. All
easurements were performed iplicate and data
as reported as mean £ S.D (n = 3).

2.4. Morphological examination using Scanning
Electron Microscopy (SEM). To evaluate the
effect of using various polymers (EC, PEG, an
PLGA-PEG) on the morphological characteristics,
the prepared CVioaded NPs-ECNPs,-PEG 2.8, Statistical data analysis All the data is
NPs and-PLGA-PEGNPs)were visualized under presented as mean + S.D (n=3). Data were analyzed
Scanning Electron Microscope (SEM) (Nova Nan@sing either paired-tests or independentést and
SEM, USA) The experiment was performedat analysis of variance (ANOVA). For the data
accelerating voltage of 106 kV and a secondary obtainel from the mean particle size, zeta potential,
detector. The fresh sample of eadNano PDI, %EE, %LC andn vitro release studies, p
suspension aliquotvas placed on a glass slidevalue <0.05 was considered to indicate a significant
which was coated with gold and driedin difference between the samples tested.

desiccators before  microscopic  analyses.

Subsequently the dried gefdated micro grids 3. RESULTS AND DISCUSSION

were viewed under different resolutions of SEM. 3.1. Determination of mean particle size (m):
The mean particle sizes of CVIDaded EGNPs, -

2.6. Fourier Transform Infrared  PEGNPs, and -PLGA-PEGNPs with varying
Spectrophotometric  (FT-IR) Analysis: The drugto-polymer mass ratios (1:1, 1:2.5 and 1:5) are
Fourier transfan infrared FT-IR) spectra were shown inTable 1 The data obtained highlighted
scanned  using IR  Affinity-1S  FT-IR that the mean particle size of CMBaded EGNPs
spectrophotometer (SHIMADZU, Japan). Briefly, avas significatly (p<0.05, paired -test) increased
small quantity (23 mg) of CVD, EC and CVD from 209 + 16 nm to 412 + 26 nm by varying drug
loaded EGNPs were mixed with 26B00 mg to-polymer mass ratio from 1:1 (CVD: EC) to 1: 5.
potassium bromide (KBr) separately and werdhe CVDloaded EGNPs showed relatively
compressed tdorm transparent pellets using anarrow size distribution index (PDI) of 0.23 + 0.04
hydraulic press. Notably prior to form transparenfo 0.41 + 0.09 at various wg-to-polymer mass
pellets, the materials were dried in oven overnightatios. The authors of the present study also noticed
Similar procedures were used to prepargimilar increasing trends in the mean particle sizes
transparent pellets of PEG, CMDaded PEG\Ps, of CVD-loadedPEG and CVDloadedPLGA-
PLGA-PEG diblock copolymer andCVD-loaded PEGNPs, when the drutp-polymer mass ratio
PLGA-PEGNPs. Finally, the resulting pellets werewas increased from 1:1 to 1:5 as showfim 2.
scanned in transmission mode in a spectral region

of 4000500 cm' using a resolution of 1 cinand The mean particle sizes of CvDaded PEENPs

32 coadded scans. The AR data were analyzed and i PLGA-PEGNPs were significantly (p<0.05,

by using Origin 6.1 software to find charaggéic —paired ttest) increased from 229 + 26 nm and 253
peaks. + 19 nm to 488 £ 19 nm and 598 + 21 nm when

increasing the drutp-polymer mass ratio from 1:1
2.7.1n vitro release kinetic studies|In this set of to 1:5, respedtely. On the other hand, the
experiments, in vitro dissolution studies were resulting data also revealed a considerable increase
carried out by using USP dissolution apparatus |h the mean particle size of CVIDaded NPs when
maintained at 37+0.5°C with stirring rate of SOprepared with different types of polymers. The
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smallest mearparticle size of 209%6 nm was massratios of 1:2.5 and 1.5 with all types of
produced by using EC and highgstrticle size of polymer as drug delivery systems. These results
253 #19 nm was obtained whetiblock copolymer were also in agreement with previously published
(PLGA-PEG) was used to produce NPs at 1:1 drugtudies®® %t The size distribution index of C\D
to-polymer mass ratiosSimilar diversity in mean loaded NPs prepared from various polymers and on
particle size was also observed when the €VDvarious drugto-polymers mass ratios have been
loaded NPs were prepared on dtogpolymer shown inFig.2.

TABLE 1: EFFECT OF DRUG-TO-POLYMER MASS RATIOS AND TYPES OF POLYMERS ON THE MEAN PARTICLE SIZE
AND POLYDISPERSITY INDEX OF CVD -LOADED EC-NPs, -PEG-NPs, -PLGA-PEG-NPs.

Formulation Drug-loaded Type of polymer  Drug-to-polymer  Mean particle Polydispersity
code Nanoparticles mass ratio size (nm) + SD Index (PDI)
CVD-EC-NPs EC 1:1 209 + 16 0.23+0.04
F1 CVD-PEGNPs PEG 1:1 229 + 26 0.31 +0.06
CVD-PLGA-PEGNPs PLGA-PEGdiblock 1:1 253+ 19 04100
copolymer
CVD-EC-NPs EC 1:2.5 254 +18 0.34+0.1
F2 CVD-PEGNPs PEG 1:2.5 325+ 32 0.26 + 0.09
CVD-PLGA-PEGNPs PLGA-PEGdiblock 1:2.5 387 £ 27 0.42 +0.03
copolymer
CVD-EC-NPs EC 1:5 412 + 26 0.46 + 0.06
F3 CVD-PEGNPs PEG 1:5 488 £ 19 0.53 + 0.09
CVD-PLGA-PEGNPs PLGA-PEGdiblock 1:5 598 + 21 0.61 +0.15
copolymer

@)

Percentage of particles (%)

o 250 500 750 1000 1250 1500

Average particle size (nm)

—=— EC-NPs (F1) —=— PEG-NPs(F1) —— PEG-PLGA-NPs (F1)

(b)

Percentage of particles (%)

o 250 500 750 1000 1250 1500

Average particle size (nm)

—=— EC-NPs (F2) = PEG-NPs (F2) —%— PEG-PLGA-NPs(F2)

20
(c)

Percentage of particles (%)

) 250 500 750 1000 1250 1500

Average particle size (nm)

—<— EC-NPs (F3) —=— PEG-NPs (F3) —%— PEG-PLGA-NPs (F3)

FIG.2: EFFECT OF DRUG-TO-POLYMER MASS RATIO AND TYPE OF POLYMER ON (A) PARTICLE SIZE DISTRIBUTION
OF EC-NPs, PEG-NPs AND PLGA-PEG-NPs AT 1:1 (F1), (B) PARTICLE SIZE DISTRIBUTION OF EC -NPs, PEG-NPs AND
PLGA-PEG-NPs AT 1:2.5 (F2), AND (C) PARTICLE SIZE DISTRIBUTION OF EC -NPs, PEG-NPs AND PLGA-PEG-NPs AT 1.5

(F3).
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3.2. Determination of average zeta potential was increased as shown ifable 2. Further
(mV) of CVD-loaded NPs: In the current screening of he obtained data explored a
experiment, the analysis of zeta potentwhs significant difference in the zeta potential of CVD
executed to evaluate the colloidal stability of théoaded NPs prepared using different polymers. The
CVD-loaded EGNPs, -PEGNPs, andiPLGA- lowest zeta potential 0f11.08 + -1.8 mV was
PEGNPs. Many researchers investigated that thabserved in case of CVIpaded PEGNPs
NPs with zeta potential values greater than +25 mdbmpared to highest value of zeta po@nt54.26
or less than25 mV typically have higher degrees+ -7.2 mV) observed in CVBoaded PLGAPEG
of colloidd stability in liquid formulations. The NPs. The higher value of zeta potential could
resulting data for the zeta potential of C\Miaded impart greater colloidal stability to C\daded
EC-NPs, -PEGNPs, andi PLGA-PEGNPs with  PLGA-PEGNPs in liquid formulation on storage.
varying drugto-polymer mass ratios has beenThe greatly high zeta potential of CWbBaded
shown in Table 2 Moreover Fig.3 shows zeta PLGA-PEGNPs was expected to be caused by a
potential values of the producedPhl balance between hydrophilic and hydrophobic
) o component of a diblock copolymer (PLE2EG).
Data obtained clearly highlighted that nopgg js hydrophilic, while PLGA is hydrophobic,

significant (>0.05, paired -test) difference was combination of which tend to give stable
observed in the zeta potential of CNdaded EG  pnanoparticle.

NPs produced at various drtypolymer mass
ratios. The zeta potential of EIPs was varied In PEGNPs zeta potential was olrged to beless
from -26.30% -4.2mV to -27.93+ -4.2 mV when which might cause higher rate of aggregation.
the drugto-polymer mass ratio was increased fronHowever NPs produced by copolymerization of
1:1 to 1:5 as shown ihable 2 PEG and PLGAshowed higher zeta potential
_ which can potentially exhibit greater colloidal
However there_was observed a linear decrease dfhbility. The high zeta potential of CVibaded
the zeta potential of CVilbaded PEE@\Ps from-  p| GA-PEGNPs could be attributed mainly to the
11.08%-1.8 mV t0-4.56+ -0.8 mV when the drug  a4sorption of polyvinyl alcohol (PVA) onto the
to-polymer mass ratio was increased from 1:1 tQface of particles which would promisingly

1:5 respectively. Similarly a decreasing trend in thgnnrove stability of the CVBoaded PLGAPEG
zeta potential of CVBoaded PLGAPEGNPs was \pgt.

also observed when the drtm@ypolymer mass ratio

TABLE 2: EFFECT OF DRUG-TO-POLYMER MASS RATIOS AND TYPES OF POLYMERS ON THE AVERAGE ZETA
POTENTIAL OF CVD -LOADED EC-NPs, -PEG-NPs, -PLGA-PEG-NPs.

Formulation Drug-loaded Type of polymer Drug-to-polymer Average zeta
code Nanoparticles mass ratio potential
(mV) £ SD
CVD-EC-NPs EC 1:1 -26.30+ -4.2
F1 CVD-PEGNPs PEG 1:1 -11.08+-1.8
CVD-PLGA-PEGNPs PLGA-PEGdiblock 1:1 -54.26+ -7.2
copolymer
CVD-EC-NPs EC 1:2.5 -23.53+-6.2
F2 CVD-PEGNPs PEG 1:2.5 -8.74+-2.3
CVD-PLGA-PEGNPs PLGA-PEGdiblock 1:2.5 -54.01+-7.4
copolymer
CVD-EC-NPs EC 15 -27.93+-4.2
F3 CVD-PEGNPs PEG 15 -4.56+-0.8
CVD-PLGA-PEGNPs PLGA-PEGdiblock 15 -38.26+ -4.7
copolymer
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FIG. 3: EFFECT OF DRUG-TO-POLYMER MASS RATIOS ON THE ZETA POTENTIAL OF CVD -LOADED PLGA -PEG-NPs
(A) ZETA POTENTIAL DISTRIBUTION HISTOGRAM OF PLGA -PEG-NPsAT 1:1 (SHOWING APPROX. -54.2 mV), (b) ZETA
POTENTIAL DISTRIBUTION HISTOGRAM OF PLGA -PEG-NPs AT 1:2.5 (SHOWING APPROX. -54.4 mV), (c) ZETA
POTENTIAL DISTRIBUTION HISTOGRAM OF PLGA -PEG-NPs AT 1.5 (SHOWING APPROX. -38 mvV).

3.3. Measurement of % EE and % LC:The % polymer mass ratios as shownTable 3. The %
EE and % LC of the Cvboaded EGNPs,-PEG  EE of CVD was however found to be significantly
NPs, and-PLGA-PEGNPs with varying drugo- improved from 28.56 4.2% to 58.6t 9.1% when
polymer mass ratios (1:1, 1:2.5 and 1:5) arthe drug was loaded onto EIPs PEGNPs and
presented inTable 3. It became evident from the PLGA-PEGNPs respectively at 1:1 drugto-
obtained data that the % EE of CM@aded EC polymer mass ratio. Similar increasing trend in %
NPs was significantly p<0.05, paired -test) EE of CVD was also observed on other dtag
increased from 28.5& 4.2% to 66.57+ 9.4% by polymer mass ratios as shownTiable 3.

increasing drugo-polymer ratio from 1:1 to 1. 5

(Table 3. Similarly by increasing the drutp- Moreover the data also dem_ons_t_rated that % LC of
polymer mass ratios from 1:1 to 1the % EE of CVD-loaded EGNPs was significantly [¢<0.05,
CVD-loaded PEG\Ps and PLGAPEGNPs was Paired itest) increased from 19.143.2% to 35.69
increased from 40.14 5.6% to 60.21 8.5% and * 4.2% when the drup-polymer mass ratio was

58.6+ 9.1% to 91.10+ 7.4% respectivelyThese [Ncreased from 1:1 to 1: bgble 3. Similarly %
results were also in accordance with previouslyC of CVD-loaded PEG\Pswas also observed to

published studie$® % Despite that a significant P& increased from 31.45 2.4% 1056.89+ 8.4%
(p<0.05, paired-test) variation in % EBvas also and for CVDloaded PLGAPEGNPs was
observed by using different polymer types in increased from 28.4% 5.2% to 57.65t 6.3%,
producing CVDloaded NPs at the same diag when the drugo-polymer mass ratios were
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increased from 1:1 to 1:5, respectively. The datd.2% to 28.41+ 5.2% when was loaded onto EC
shown in Table 3 demonstrates that there wasNPs, PEGNPs and PLGAPEGNPs respectively

observed a significant p€0.05, paired -test) at 1:1 drugto-polymer mass ratio. Similar
variation in % LC while using the same drug tancreasing trend in % LC of CVD was also
polymer mass ratio of different polymers toobserved when other drdg-polymer mass ratios

produce CVDloaded NPs. The % LC of CVD was were used to produce CVbaded NPs as shown in
found to be significantly improved from 19.34 Table 3

TABLE 3: EFFECT OF DRUG-TO-POLYMER MASS RATIOS AND TYPES OF POLYMERS ON THE % EE AND % LC OF
CVD IN CVD-LOADED EC-NPs, -PEG-NPs, -PLGA-PEG-NPs.

Formulation Drug-loaded Type of polymer  Drug-to-polymer EE (%) + SD LC (%) + SD
code Nanoparticles mass ratio
CVD-EC-NPs EC 1:1 28.56+ 4.2 19.14+ 3.2
F1 CVD-PEGNPs PEG 1:1 40.10+£ 5.6 31.45+2.4
CVD-PLGA-PEGNPs PLGA-PEG 1:1 58.6+9.1 28.41+5.2
diblock copolymer
CVD-EC-NPs EC 1:2.5 45.61+ 5.5 27.33+25
F2 CVD-PEGNPs PEG 1:2.5 56.66+ 6.1 47.22+ 7.2
CVD-PLGA-PEGNPs PLGA-PEG 1:2.5 76.32+ 8.7 50.56+ 5.3
diblock copolymer
CVD-EC-NPs EC 1:5 66.57+ 9.4 35.69+ 4.2
F3 CVD-PEGNPs PEG 1:5 60.21+ 8.5 56.89+ 8.4
CVD-PLGA-PEGNPs PLGA-PEG 1:5 91.10+ 7.4 57.65+ 6.3

diblock copolymer

3.4. Morphological characterizatian: To evaluate approximate mean particle sizd €VD-loaded
the influence of using different polymefsr the PEGNPs shown in SEM micrograph wa&20 nm
fabrication of CVDloaded NPs,the shape and which is in correspondence with the mean particle
surface attributes of CVibbaded EGNPs,-PEG  size obtained in size distribution scal®29 + 26
NPs and PLGA-PEGNPs were executed by usingnm) as shown inFig. 2a Similarly SEM
SEM. The SEMmicrographs of CVEloaded EC micrographs were also obtained BLGA-PEG
NPs revealedhat the produced nanoparticles werdNPs which are fown in Fig. 4e and f. The
spherical in shape with smooth surfaceanicrographs revealeda rounded shape with
characteristics shown ikig. 4a & b. Moreover irregular surface morphologioreover the images
SEM  micrographs  showed  characteristicebtained also showed characteristic curvatures on
agglomerates dEC-NPs and few are in groups andthe surface of PLGAEGNPs which might be
fuse with each other. The agglomeration amglrfy  attributed to thediblock coepolymerization of

of EC-NPs might be attributed to their low surfacePLGA and PEG polymers. The mean patrticle size
charge which could result in particle aggregationf CVD-loaded PLGAPEGNPs approximated in
and grouping. Thapproximate mean particle sizeSEM micrographs was 250 nm which is in

of CVD-loaded EGNPs showed by SEM accordance with the mean particle si263 + 19
micrograph was250 nm which is considerably nm)observed in light scattering experiment.

varied from the meaparticle size obtained in size N

distribution scale 209 + 16nm)as shown inFig. N addition to that the PLGREGNPs were

2a. The larger mean particle size observed in sgp@bserved to be not agglomerated with each other as
micrographs of EENPs might be attributed to Shown inFig.4eandf. This characteristics might be
some sort of particle agglomeration that can occ@ftributed to their higher surface charg@4(26 +-

at lower zeta potentiatZ6.30 + -4.2 mV) as shown /-2 MV) and could result in optimum formulation
in Table 2. stability of suspending particles inrab liquid

dosage form on storage. The SEM micrographs
Additionally the characteristics shape and surfacevealedmorphological diversity of CVBoaded
morphology of CVDloaded PE@\Ps revealed NPs by using different types of polymers as drug
tetragonal shape with smooth and regular surfacelivery system.
characteristics as shownhig. 4candd. The
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FIG.4: EFFECT OF TYPE OF POLYMER USED IN THE PREPARATION OF CVD -LOADED NPs ON THE (a)
CHARACTERISTIC SHAPE AND SURFACE MORPHOLOGY OF CVD -LOADED EC-NPs PREPARED AT 1:1 DRUG-TO-
POLYMER MASS RATIO, (b) CHARACTERISTIC SHAPE AND SURFACE MORPHOLOGY OF CVD -LOADED PEG-NPs
PREPARED AT 1:1 DRUG-TO-POLYMER MASS RATIO, ( c) CHARACTERISTIC SHAPE AND SUR FACE MORPHOLOGY OF
CVD-LOADED PLGA -PEG-NPsPREPARED AT 1:1 DRUG-TO-POLYMER MASS RATIO.

3.4. FT-IR analysis: The FTIR spectra of pure became broader and higher in intensity compared
CVD, EC, and CVDBloadedEC-NPs are shown in to EC (3344 cit), which indicated occurrence of
Fig.5A. The results indicate that the intensédiydrogen bondingpetweeri OH bending groups of
characteristic peak of CVD apped at 3344 cht CVD at 3344 crit and EC at 3421 cth In
and 3298 cm'represent OH stretching and NH  addition, the peak at 1322 &nf CT N bendi n
stretching vibrations, respectively. Thethe EC spectra shifted to 1375 ¢im CVD-loaded
characteristics peaks appeared at 2912' eamd EC-NPs spectra which indicates irdetions
2879 cm( 1 CH stretching) abetdeerptied £k Gs groupeoitEC rarti H groapt of
1375 cm *and 1450 ch'represented CHand CVD.

CHjs bending vibrations spectively, in the CVD o

spectrum. The characteristics peak appeared in pljl'rgese results indicate that CVD_ was successfully
EC at 3421 cm indicate iOH stretching. loaded on to the EGIPs. The cyclic ether (O-C)

Similarly, the peaks appeared at 3092'amd 2969 showed broad dis'gincti\_/e peak_ near 1100 ¢atso

cmli ndicate T CH str et chPRpgplsS ihe gosshlg ipieraction betweengEd an 4 ¢
1365 cm land 1395 crInlrepresent Chiand CH CVD. Moreover, the FIR spect_rum of CVD_
bending vibrations respectively. Result indicated?@ded EGNPs showed several mix peaks showing
that the characteristic peak appeared in thquug_ |§4 well distributed throughout the polymer
spectrum of CVBloaded EGNPs at 3401 cnt  Matrix™.

representing TOH group (stretching vibration)
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FIG.5A: FT-IR SPECTRA OF CVD, EC, AND CVD-LOADED EC-NPs.

The FFIR spectra of pure CVD, PEG and CVD Similarly, the peaks appeared at 1094 dimdicate
loaded PEGNPs have been shown in Figure 5B. IrC-O-H stretching. Result indicated that the

the spectrum of pure CVD, the

intensecharacteristic peak appeared in the spectrum of

characteristic peak appeared at 3344 tand 3298 CVD-loaded PEG\Ps at 3301 cih representing

cm ! represented iOH stretching and

stretching  vibrations,  respectively.

M TOH group (stretching v
Otherand higher in intesity compared to PEG (3401

characteristics peaks appeared at 2912 end cm' J, which indicated occurrence of hydrogen

2879 cmt i ndi cate 1 CH

st r édnding betwgeihO&l grdups pf €\dDkas3344 ¢

recorded at 1375 cdntand 1450 ci'represented and PEG at 3401 chiThe FFIR spectrum of
CH, and CH bending vbrations respectively, in CVD-loaded PE@\Psshowed mix peaks of CVD
the CVD spectrum. The absorption band observeahd PEG 8000, indicated polymeric interaction to

in the spectrum of PEG 8000 were appeared #te CVD?°.
3401 cntand 2878 cni indicatei OH stretching

and GH stretching. The characteristics peak
appeared at1464 ¢nrepresent €4 bending.
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FIG.5B: FT-IR SPECTRA OF CVD, PEG, AND CVD-LOADED PEG-NPs.

The FFIR spectra of pure CVD, PEG and CVD spectral regiorof1700-1800 cni represent C=0

loaded PEEGNPs have been shown Kig.5C. In
the spectrum of pure CVD, the
characteristic peak appeared at 3344 tand 3298
cm ! represented iOH stretching and ™H

strething  vibrations,  respectively. Other

characteristics peaks appeared at 2912" @md

2879 cm i ndi cate TCH str
recorded at 1375 cdntand 1450 cih'represented
CH, and CH bending vibrations respeetly, in

the CVD spectrum.

The absorption band observed in the spectrum
PEG 8000 were appeared at 3401*camd 2878
cm™ indicatei OH stretching and € stretching.
The characteristics peak appeared at 1464 'c
represent €4 bending. Similarly, the peaks
appeared at 1094 ¢mindicate GO-H

stretching. polymer;

stretching vibration and those appeared in1050

intensel250 cni indicate GO stretching(Mainardes et

al., 2006§. The FFIR spectra of pure REA had
also showni OH stretching vibrations (3268500
cm?). Result indicated that the characteristic peak
appeard in the spectrum of CVilbaded PEG\Ps
att3¢1Bicitge paneds epeakg 1 OH
vibration) became broader and higher in intensity
compared to pure PEG (3401 'cinand PLGA,
which indicate occurrence of hydrogen bonding
betweeri OH groups of CVD at 3344 ch PEG at
8401 cnmit and PLGA. The FIIR spectum of
CVD-loaded PLGAPEGalso showed many
absorption peaks overlapped with pure CVD, PEG,

gr

Mand pure PLGA. It can be concluded that no strong

chemical interaction occurred between drug and
however, a polymeric interaction

The pure PLGA sample showed peaks in thgscurred between drug apdlymers.

spectral region 0f285@500 cni indicatei CH, i

CH,, andi CHjs stretching vibration, Moreover, the

intense characteristics peaks appeared in the
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FIG.5C: FT-IR SPECTRA OF CVD, PEG, PLGA, AND CVD-LOADED PLGA -PEG-NPs.

3.5.1n vitro release profile In vitro drug release systems™ 2’ The burst release of drugs might be
studies were carried out to evaluate the pattern dtie to the dissolution and diffusion of the drug that
CVD release from CVBoaded EGC, PEG and was poorly entrapped in the polymer matrix, while
PLGA-PEGNPs compared tothe pure CVD. the slowerand continuous release may be attributed
Resulting data obtained is presented in Figure 6. #8 the diffusion of the drug localised in the EC
series of in vitro dissolution experiments weréPEG/PLGA-PEG core of the NPs. The authors
conducted using phosphate buffer at various pHarther noticed that the rate of CVD release from
such as at 1.2, 6.8, and distilled water at 37 + 2 %Ge polymeric matrix of NPs was varied with pH of
for 24 h. It was observed that the ade behavior dissolution media. fie fast and highest amount of
of CVD from the polymeric matrix of Cvlboaded drug was released from CVIDaded EGNPs at
EC-NPs, PEGNPs, and PLGAPEGNPs exhibited acidic pH (>80%) within 10 min, which might
biphasic pattern characterized by a fast initighredispose the maximum release of drug in gastric
release during the first 10 min followed by a slowelumen after an oral administration of CMBaded
and continuous release of drug as showfrign6 polymeric NPs.

(Al). Similar release pattern has also been

previously observed fra other PLGA polymeric
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