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ABSTRACT

An eco-friendly nanoprecipitation technique was put forward to synthe-
size native starch nanoparticles loaded with insoluble drugs such as in-
domethacin (IND) and Acyclovir (ACV). Factors studied to find out the
optimum conditionsfor preparation of different formulationsof crosslinked
starch nanoparticles (TPP-StNPs) loaded with insoluble drugs. Thefactors
are 20mg, 50mg of drug concentration and 0.5, 1g of sodium tripolyphos-
phate (STPP) while the concentration of starch and surfactant were kept
constant. World-class facilities as particle size analyzer, poly dispersity
index (PDI), zeta potential, TEM, XRD, FT-IR, UV-vis spectroscopy and
DSc were used for evaluation of the resultant crosslinked starch
nanoparticlesloaded with drug. The sustained rel ease of drugswere evalu-
ated using entrapment efficiency and in vitro release. The data obtained
confirmed that there is no chemical interaction between drug (IND, ACV)
and crosslinked starch nanoparticles. The results indicate that the best
formulafor IND loaded starch nanoparticleswas 0.5g STPP and 20 mg IND
while the best formulafor ACV nanoparticleswasat 0.5g STPPand 50 mg
ACV drug. © 2015 Trade ScienceInc. - INDIA
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INTRODUCTION

Thefield of pharmaceutical science hasbeen de-
veloping steadily over the years. Pharmaceutical
nanoparticlesaresubmicron-gzed, colloidd vehiclesthat
carry drugstothetarget or releasedrugsin acontrolled
way inthebody. Controlled drug delivery offersad-
vantageslike reduced dosing frequency, better thera-
peutic control, reduced side effects, and, consequently,
better patient compliance™. After preparation,
nanoparticlesareusudly dispersedinliquid.

Suchasystem can be administered to humansfor

exampleby injection, by theora route, or usedinoint-
mentsand ocular products. Alternatively, nanoparticles
can bedried to apowder, which alows pulmonary de-
livery or further processing to tabletsor capsules. In
drug delivery, nanoparticles should readily be
biocompetible (not harmful for humans) and biodegrad-
able (deteriorate and expul sein the body conditions)®?.
These properties, aswell astargeting and controlled
release, can be affected by nanoparticle material selec-
tion and by surfacemodification. Materid ssuch assyn-
thetic polymers, proteinsor other natural macromol-
ecules areused inthe preparation of nanoparticles®,
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To processthese materialsinto nanoparticles, avariety
of preparation techniquesexist ranging from polymer-
ization of monomersto different polymer deposition
methods® .. Biodegradable nanoparticlesfor pharma-
ceutical use are prepared from avariety of synthetic
and naturd polymergs.

Synthetic polymers such as polyacrylates,
polycaprolactones, polylactidesand itscopolymerswith
polyglycolides®*¥. Natural polymersincludee.g. abu-
min®2% dginatd™, gelatin>9, and probably the most
studied natural polymer for pharmaceutica nanoparticle
gpplications: chitosan*”. The polymersusedinthecur-
rent investigation isnative starch have been proposed
asacarrier for anumber of drugs. Propertiessuch as
biodegradability!®®  non-toxicity, good
biocompatibility®, simple production combined with
low cost? and ready avail ability!®! makesthem suit-
ablefor usein biomedica and pharmaceutica formula-
tiond?, Topical delivery of drugsto the skin, one of
themost readily ble organs of thebody, hasbeen
studied for along timeto understand the pathophysiol -
ogy of skin diseasesor for their effectivetreatment(2,
Skin separatesthevital organsfrom the outside envi-
ronment and servesasaprotectivebarrier agang phys-
ca, chemica and microbia attacks. Although topical
gpplication of drug offersmany advantages, including
avoidanceof first-passmetabolism, lower fluctuations
inplasmadrug levels, targeting of the activeingredient
for alocal effect and good patient compliance, but the
barrier natureof skinmakesit difficult for most drugsto
penetrate into and permeate through it?4. There has
been wideinterest in exploring new techniquesto en-
hance drug absorption through the skin during the past
decades®,

Presently, transdermal drug delivery isoneof the
most promising routes of drug administration'®. In-
domethacin (IND) andAcyclovir (ACV) weresdlected
asmode drugs. Poorly solubledrugsareachallenging
problem in transdermal formulation; generally,
transdermal efficacy isclosely related to transdermal
drugbiocavalability.

Indomethacin (IND), { 2-{ 1-[ (4-chlorophenyl) car-
bonyl]-5-methoxy-2-methyl-1H-INDI-3-yl} acetic
acid}, hasbeen used asanon-gteroida anti-inflamma:
tory drug (NSAIDs) for topical pharmaceutica prepa-
rations. On the other hand,Acyclovir (ACV), { 9-[(2-
hydroxyethoxy)methyl]guanine}, isasynthetic purine

nucleos de anal ogue derived from guanine considered
the safest and most efficaciousdrug ableto act against
herpessimplex viruses (HSV-1 and HSV- 2)22,

Theam of the present study isto prepareaformu-
lation of drug loaded TPP-StNPs using
nanopreci pitation techniqueand to study the effect of
twoimportant parameterson the prepared nanoparticles
using factorial design. Thetwo parametersinclude; the
concentration of thecrosdinking agent (sodium tripoly-
phosphate; STPP) and the drug concentration (IND
and ACV concentration). Other parameters such as
starch aspolymer and Tween®80 as surfactant were
kept constant. Thorough evaluation of the obtained
TPP-SINPsloaded with drug using different technique
such aspartideszeandyzer, polydisoersity index (PDI),
Zetapotentid, Transmissonedectron microscopy (TEM),
entrapment efficiency, invitro rel ease studies,Fourier
transform infrared spectroscopy (FT-IR) and X-ray
diffraction (XRD) were performed.

EXPERIMENTAL

M aterialsand methods
Materials

Starchwaskindly supplied by Starch and Glucose
Company, Egypt. Indomethacin (IND) was obtained
asagiftfrom Misr Co. for Medical Products, Egypt.
Acyclovir (ACV) wasakind gift from Memphis Phar-
maceutical Co., Egypt. Tween® 80> 99.9 % was ob-
tained from Sigma- Aldrich Chemie GmbH (Germany).
Sodium tri polyphosphate (STPP) was purchased from
Sigma-Aldrich Chemical Co. Ltd. Phosphate buffer
sdine (PBS) wasprepared using disodium hydrogen
orthophosphate. All other chemica sand reagentsused
were of pharmaceuticd grade.

Methods

Prepar ation of indomethacin (IND) and acyclovir
(ACV) loaded TPP-SNPs

IND and ACV nanoparticles were prepared by
nanopreci pitation method® asfollow: 5gof naivestarch
wasdissolvedin 70 ml distilled water containing 1.5g
NaOH. Thissolutionwaskept under high mechanical
girringfor 30minat 25 C. 0.4 g Tween®80 dissolved
in20ml distilled water containing different amounts of
drug, IND or ACV (20 mg and 50 mg) was slowly
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added, followed by the addition of 10ml H,O contain-
ing different amountsof STPP (0.5g and 1g) under con-
tinuous highly mechanica girring, kegpinginmind that
thetota volumeof thereaction mixtureis100ml. The
reaction mixturewasleft to stand at room temperature
for 2 hto effect crosdinking with constant agitation rate
at 25°C. Theresulting drug encapsul ated cross-linked
starch nanoparticleswere subsequently precipitated by
100 ml of absolute ethanol. Theresultant powder were
purified by meansof centrifugation and washing rinsed
twice with 80/20 absol ute ethanol/water to remove
unreacted compounds and finally with absol ute etha-
nol. Theresultant nanoparticleswerethenisolated by
means of centrifugation for 1 h at 4500 rpm. At the
end, the supernatant wastaken for further analysisto
determinethelossin theamount of drug and the super-
natant was freeze-dried for 12 h and kept in closed
containersfor further analysis. The asdescribed freeze-
dried drug loaded cross-linked starch nanoparticlesin
the solid state can be easily re-dispersed in distilled
water by hand agitation before use.

Characterization of drugloaded TPP-SNPs

The mean particle size, size distribution of
nanoparticlesand zetapotential were determined by
dynamiclight scatering (DLS) usngaMavern Zetesizer
Nano- ZS-ZEN 1600 (Mavern Instruments Co., UK).
Particlesizedistribution of the nanoparticlesismoni-
tored using apolydigpersity index (PDI). Themorphol-
ogy of drug loaded TPP-StINPswasobserved by trans-
mission el ectron microscopy on aJEOL (JEM-1230)
Japan with an accel eration voltage of 120 kV.

Thechemicd interactionsbetween TPP-SINPsand
IND or ACV drugs were established through FTIR
spectrometry and X-ray Diffraction (XRD).

For assessment of cdibration curvesfor IND and
ACV, agpecificconcentration of each of IND andACV
separately in phosphate buffer saline (PBS) at pH 5.5
mixed with ethanol was scanned spectrophotometri-
caly to determine thewave length of maximum absor-
bance. Calibration curveswere assessed from the ab-
sorbance values at & __ of a series of IND and ACV
solutions containing different concentrations of each of
both drugs.

To determinetheentrapment efficiency (E.E.%) of
IND or ACV into crosdinked nanoparticles, theamount
of freeIND and ACV in supernatant were calcul ated
by measuring the absorbance using UV-Vis spectro-
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photometer at 251nm and 264 nm, respectively. The
entrgpment efficiency wasthen cd culated fromthedif-
ference between thetota free (IND andACV) andthe
initial amount of thedrugs.

To determinetheinvitro releaseof IND andACV
drugsfromthe prepared nanoparticles, thedrug loaded
TPP-SINPswereplacedin PBS (pH 5.5) at room tem-
perature and samplesweretakenin particular timein-
tervalsand thereleased amountswere determined us-
ing UV—Vis spectrophotometer.

RESULTSAND DISCUSSION

Nanotechnology appearsasavery good aterna
tive system to deliver and to protect drugs. The effi-
cacy of many drugsisoftenlimited by their potentid to
reach the site of therapeutic action. Inmost cases (con-
ventiond dosageforms), only asmal amount of admin-
istered dosereachesthetarget site, whilethe mgority
of the drug distributesthroughout therest of thebody in
accordancewith itsphysicochemica and biochemica
properties. Therefore, developing adrug delivery sys-
tem that optimizesthe pharmaceutical action of adrug
whilereducing itstoxic sideeffectsinvivoisachal-
lenging task. One gpproachistheuseof colloida drug
carriersthat can provide site or targeted drug delivery
combined with optimal drug rel ease profiles. Thesub-
microndrug ddivery systemfor drug targetingwasde-
veloped. Polymeric nanoparticles, which possessabet-
ter reproducibility and stability profilesthan other car-
rier likemicroparticles have been proposed asdterna
tivedrug carriersthat overcome many of these prob-
lems. Here, starchwasused asacarrier duetoitswide
pharmaceutical gpplication. Theability of the prepared
nanoparticlesto control thereleaseof two poorly soluble
model drugs; IND and ACV was assessed.

Particle size analyzer and PDI of IND and ACV
loaded nanoparticles

Particlesizeanaysisoften used for characteriza-
tion of formulated nanoparticles, becauseit facilitates
theunderstanding of the dispersion and aggregation. It
hasadirect rlevanceto thestability of theformulation.
Larger particlestend to aggregateto agreater extent
compared tosmaller particles, thereby resultingin sedi-
mentation. PDI isameasure of homogeneity indis-
persed systemsand rangesfrom Oto 1. Homogeneous
dispersion has PDI vaue closeto zerowhile PDI val -
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TABLE 1: Experimental condition, design and responsesof 22 factorial design prepar ation of IND nanoparticles

Level
Variables Code ves >
CrossLinking agent X1 0.5gm 1gm
Drug X2 20 mg 50 mg
Responses
Formulacode X1 X2 - : = - — a
Particle diameter PDI Zeta Potential Entrapment efficiency (%)
F1 05 20 32.67 0.519 -29.1 63.72
F2 05 50 24.36 0.537 -19.5 78.98
F3 1 20 68.06 0.385 -7 54.05
Fa 1 50 141.8 0.365 -5.15 43.36

AnAverage of three experiments

TABLE 2: Experimental condition, design and responsesof 22 factorial design prepar ation of ACV nanoparticles

Levels
Variables Code 2
CrossLinker X1 0.5gm 1gm
Drug X2 20 mg 50 mg
R
Formulacode X1 X2 - , eﬁpons§s — S
Particle diameter PDI Zeta Potential Entrapment efficiency (%)
F1 05 20 28.21 0.269 -12.2 66.07
F2 05 50 15.69 0.423 -35.9 74.24
F3 1 20 24.36 0.608 -10.6 80.48
F4 1 50 15.69 0.318 -7.67 91.31

AnAverage of three experiments

uesgreater than 0.5 suggest high heterogeneity.

Itisseenfrom TABLE 1that the particlesizeof the
IND loaded crosslinked starch isin therangefrom 24
to 141 nm. The PDI valuesfor al batchesarein the
rangeof 0.35t0 0.5. Anincreasein the particlesize of
IND loaded TPP-StNPswith adecreasein PDI was
observed with increasing the concentration of STPP.
Thiscould beinterpreted intermsof increasing the con-
centration of STPPwhich providesresistancefor mass
transfer andin turn diffusion of crosdinked starch-sol-
vent phaseinto the external phasethereby leading to
particleenlargement. The PDI of the prepared formu-
|ationsreved sthat thereisagenerd trend towards uni-
form particlesizedistribution. Theresultsalsoimply
outlined that the concentration of IND drug does not
influencethe particle size distribution of the obtained
IND loaded TPP-StNPs.

Theaverage particlesizeand Polydispersity Index
(PDI) of TPP-SINPs loaded with ACV drug deter-
mined by dynamiclight scateringareshownin TABLE
2.

TABLE 2 disclosesthat the particle size for

batches of ACV |oaded TPP-SINPs ranged between
15 and 28 nm. The polydispersity index (PDI) for all
ACV loaded formulationsasshownin TABLE 2 ranges
from therange of 0.269 to 0.423 indicating anarrow
and homogenous size distribution of the obtained
nanoparticles, except for theACV nanoparticleformu-
lation (F3) prepared using 1 g STPPand 20 mgACV
drug whereits PDI dightly exceedstherange (0.608).

Zetapotential of IND and ACV loaded TPP-SNPs

Surface charge (zetapotentia) of IND loaded TPP-
StNPswas determined intriplicate by dynamic light
scattering (DL Swith detection angle of 90° and 25 °C.
TABLE 1 showsthezetapotentid of IND loaded TPP-
SINPscontai ning different concentration of STPPand
IND drug.

It wasfound that the zetapotentialsvaluefor all
samplesof IND loaded TPP-StNPsare dightly nega-
tiveand in therange of -5 and -29 mV. The average
zetapotentia valuefor nanoparticles (F3) prepared at
0.5gand 20mgfor STPPand IND, respectivelyis-
29.1 whichissufficiently hightoensurephysica stabil-
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ity dueto the e ectrostatic repul sion forcesthat would
avoid aggregation.

TABLE 2 depictsthezetapotential for al batches
of ACV loaded TPP-SINPs.

All of the prepared ACV |oaded nanoformulations
showed arelatively accepted zetapotentiad vaueswith
F2 showing azetapotentia of -35mV. Thisindicates
that the prepared drug loaded nanoparticles are ex-
pected to assume stability for alongtime.

Calibration curvesfor IND and ACV drugs

Thewave ength of maximum absorbance (A max)
of IND wasfound to be 264 and for ACV is251 nm.
Calibration curvesfor IND and ACV were assessed
from the absorbanceva uesat Amax of each of aseries
of drugs’ solutions containing different concentrations
of each of the two drugs. The calibration curve was
obtained for IND at 264 nm (R2 = 0.9958) as shown
Whilethecalibration curvefor ACV wasobtained at
251 nm (R2=0.9962).

Drug entrapment efficency (EE%) of IND and
ACV loaded TPP-SNPs

Theentrgpment efficiency isthefunction of thechar-
acteristics of polymer, drug and surfactant, etc. The
Entrapment Efficiency was determined by aspectro-
photometric method (UV spectrophotometer). Entrap-
ment efficiency of al four gradesof IND formulations
(F1, F2, F3 and F4) is depicted in Figure la
Obvioudy,the entrapment efficiency valuesfor these
formulationsrange between 43 % and 63 %.

Fgurelaimpliesthat theentrgoment efficiency was
maximum with thesmallest particle size of the so ob-
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tained IND loaded TPP-SINPs (24 nm) as well as
the higher zeta potentia value (-29.1) when the con-
centration of STPP and IND drug were 1 g and 50
myg, respectively (F2). On the other hand, the en-
trapment efficiency was minimum with higher drug
and STPP concentrations (F4). The particlesize had
agreat influence on the IND entrapment where the
smallest particle size of the so obtained
nanoparticles have large surface area capable of
catching more drug inside and in the outer sphere
increasing the efficiency of IND loading for TPP-
StNPs.

Entrapment Efficiency (E.E.%) of ACV loaded
TPP-StNPsisdeduced from formulations (F1, F2, F3
and F4) under investigation asshownin Figure 1b.

Itisclear fromthedatathat E.E % rangesbetween
66% - 91%. The data (Figure 1b) concluded a so that
formulation F2ismorefavorablewhentheparticlesize
(15 nm), zetapotential (-35) and PDI (0.4).

Invitrordeaseof IND and ACV from TPP-SNPs

In vitro release of drug from the prepared
nanoparticlesanimportant requirement of successful
transdermal therapy isthat, adrug carried by avehicle
be able to reach the skin surface at an adequate rate
and insufficient amounts. Thismakesstudying there-
lease profileof drug from nanoparticlescrucid inorder
to predict thebehavior of thedrug duringitstransdermal
ddivery.

Invitro release studieswere performed using PBS
at pH 5.5 by dialysis bag method using cellulose ac-
etate membrane. Nanoparticlesformulaequivaent to
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Figurel: a) Drugentrapment efficiency of IND loaded cr osslinked star ch nanoparticles, b) Drug entrapment efficiency of

ACYV loaded crosdinked star ch nanoparticles
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Figure2: a)invitroreeaseof IND drugat absorbance251 nmin PBS(pH 5.5), b) invitroreleaseof ACV drug at absor bance

264nmin PBS(pH 5.5)

20 mg of drug was filled into a dialysis membrane
bag and tied at both the ends and placed in abeaker
containing 100 mL of PBS; temperature and speed
were maintained at 37 “C and 50 rpm, respectively,
using shaking water bath. The drug |oaded particles
were placed in PBS a room temperature and samples
were taken in particular time intervals and UV—vis
spectrophotometer measurementswere doneand the
released amounts were determined from a calibra-
tioncurve

The drug release profile from the prepared
nanoparticlescan be divided into biphasic pattern: (i)
initial burst period, during which thesurfacedrugis
dumped intotherelease medium; hereitistakenas4h;
(i) slow release period, during which thedrugisre-
leased at asteady dlow rate.

Figure 2ashowsthein vitro release of IND drug
from thefour formulasof the so prepared IND |loaded
TPP-SINPscontaining different concentration of STPP
and IND drug when the concentration of starch and
surfactant are kept constant. Thein-vitro release data
of F1, F2and F3aredisplayedin Figure2a. Theinitia
values of IND release of F1, F2 and F3 and F4 in 60
min are4.65%, 7%, 3.61% and 4.5 % respectively.

Figure2b showstheinvitro releaseof ACV from
TPP-StINPsloaded withACV drug. Thereleasewas
obsarvedfor for formul aionscontaining different amount
of STPPand drug (ACV). TheACV drugrelease ex-
hibitsavery dow initid burst that |asted for 60 minute
at which 4.76, 2.66, 4.38 and 5.22 % of the drug

content was released from TPP-StNPs.

A sustained release of theACV from F1 wasob-
served indicating the encapsulation of ACV withinthe
nanogtructures. Sincetheinitia burs effectisvery smdl
or was not observed at al tested sampl es, we can con-
cludethat noinitial burst effect wasobserved for F2
proving that the ACV was not weakly adsorbed onto
TPP-SINPssurface.

The optimum formulation was found to be com-
posed of 50 mg drug and 0.5 g crosslinking agent. No
significant deviati ons between theoretical and experi-
mentd values of tested responseswerefound.

Based on al theresultsreported above, the opti-
mum IND formul ation sel ected iscomposed of 20 mg
IND and 0.5 g STPP. However, the optimum ACV
formulation sel ected was found to be composed of 50
mgACV and 0.5 g TPP. The calculated desirability
factor offered for theformulation was 0.6480.

TEM of IND and ACV loaded TPP-SNPs

Considering the results of IND loaded TPP-
StNPs pertaining to particle size and entrapment ef-
ficiency, batch F1 was chosen for further studies as
it has smaller particlesize (32.67 nm) than the other
batcheswith higher entrapment efficiency (63.72 %).
Thezetapotentia of best formulation hasavalue of
-29.1 mv.

On the other hand, the F2 for ACV loaded TPP-
StNPswas chosen asthe best formulation sinceit has
the smallest particle size (15.69 nm), the higher zeta
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potential value (-35.9) aswell ashigher entrapment
efficiency (74.24 %) compared with the other for-
mulation.

Figure 3 (a, b) shows the TEM micrograph of
the selected formulations of IND and ACV |oaded
TPP-SINPs. As can be seen, the TEM micrographs
speak of the formation of spherical nanoparticles
with smallest size and smooth surface.

XRD of IND and ACV loaded TPP-SNPs

Mechanical properties of polymers can be al-
tered by the degree of crystallinity. For instance, be-
causeof the uni-form arrangement of its chains within
the lattice structure, a crystalline polymer will de-
grade more slowly than an amorphous one. How-

1200
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Figure 3 : TEM micrograph of IND and ACV loaded
crossinked starch nanoparticles; (a) IND loaded crosdinked
starch nanoparticles; (b) ACV loaded crosslinked starch
nanoparticles
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Figure4: XRD (a) purelND, (b) crosdinked star ch nanoparticlesloaded with IND drug

ever, crystalline polymersarebrittleand usualy less
suited for drug delivery applications. Further, amor-
phous polymers possess poor mechanical toughness.
For that reason, polymers used in drug delivery are
usualy amixture of crystallineand amorphousforms,
as is the case in current study. The X-ray
diffractograms of pure drug IND and promising for-
mulations are shown in Figure 4.

Thediffractogram of IND showed characteristic
sharpintengity diffraction peaksat 20 values of 10.05°,
11.51°, 12.68°, 16.58 °, 19.52°, 21.84°, 23.10°,

26.54° and 29.21° which reflect the crystalline na-
ture of drug (Figure 4a).

As can be seen in Figure 4b, X-ray diffraction
showstwo amorphous ha os between 10° and 35° (20)
as observed for the amorphous polymer. Thisresult
suggestsareduced degree of crystallinity of thedrug
in this formulation. Moreover, the absence of char-
acteristic peaksof IND crystallinity indicatesaquite
successful IND encapsul ation process, regardl ess of
theamount of TPP-StNPs used.

The X-ray diffractograms of puredrug ACV and
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promising formulation are shown in Figure 5. The
diffractogram of ACV showed characteristic sharp
intensity diffraction peaks at 20 values of 10.05°,
11.51°, 12.68°, 16.58°, 19.52°, 21.84°, 23.10°,
26.54° and 29.21° which reflect the crystalline na-
tureof drug..

The XRD of nanoparticle after incorporation of
pureACV into the starch nanoparticlescross-linked
with STPP displays diffraction peaks at respective
20 values of pure ACV although their relative inten-
sities were reduced or there was slight shift in their
peaks, suggesting reduced degree of crystallinity of
druginthisformulation.

FT-IR of IND and ACV loaded TPP-SINPs

The FTIR spectra of IND and the IND-loaded
TPP-SINPsarepresentedinfigure 6a IntheIND spec-
trum shows characteristic peaksat 3016.12 cm! (aro-
matic C-H stretching), 2917.77 c! (C-H stretching
vibrations), 1693.19 cm! (C=O dtretching vibrations),
1690.3 cm-1isassigned to benzoyl vibration. 1224.92
cm! (asymmetric aromatic O-C stretching), 1064.51
cm’! (symmetric aromatic O-H stretching).

The FT-IR of IND loaded cross-linked starch
nanoparticlesshow thedistinct peaksof pureND with
adlight shift, demonstrating that the drug wasincorpo-
rated into the particlesand thereisno possible chemi-
cd interaction between cross-linked starch nanoparticle
and IND drug.

a) Whereinnert nanoparticlesrepresent crosdinked
starch nanoparticles, IND |oaded nanoparticlesrepre-
sent IND |oaded crosslinked starch nanoparticles, b)
Where innert polymer nanoparticles represent
crosslinked starch nanoparticles, ACV loaded
nanoparticlesrepresent ACV loaded crosdinked starch
nanoparticles.

On the other hand, FT-IR spectra of ACV and
ACV loaded TPP-SINPsareshownin Figure6b. ACV
exhibits absorption peaks at 3438.45, 1630.51,
1607.37, 1387.53, 1306.53, 1228.32 and 1187.89
cm™. Pesksat 3438.45 may be dueto—OH stretching
and those at 1630.51 and 1607.37 cm® may be as-
signed to C=0 stretching. Peak observed at 1387.53
cnmrtisdueto C-N stretching and peaksin therange of
1228.32 to 1187.89 cmr! may be dueto N-H stretch-
ing.

The FTIR of ACV loaded TPP-SINPs corre-
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spondsto the superimposition of the spectraof ACV
with no significant shift in the major peaks corre-
sponding toACV. The spectral dataindicatesno pos-
sible interaction between ACV and cross-linked
starch nanoparticles.

CONCLUSION

Polymeric nanoparticles which posess a better
reproducibility and stability profile than other car-
rier like microparticles have been studied as alter-
native drug carrier. The results obtained indicated
that (a) the best formula for IND loaded starch
nanoparticleswith small spherical szeand PDI, high
zeta potential, high entrapment efficiency and con-
trolled release was at 0.5 g STPP and 20 mg IND.
On the other hand, the best formulafor ACV loaded
starch nanoparticles was at 0.5 g STPP and 50 mg
ACV. (b) FT-IR and XRD indicated that thereis no
chemical interaction between TPP-StNPs and drug
(IND or ACV). Theresults obtained could be attrib-
uted to the dependence of thein vitro releaserate of
IND and ACV ontheviscosity of starch when native
starch have higher holding capacity and entrapment
efficiency for loading the drugs under investigation.
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