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Blends of Reverse Enteric Polymer with Enteric and
pH-Independent Polymers: Mechanistic Investigations for
Tailoring Drug Release

Anupa R. Menjoge and Mohan G. Kulkarni*
Polymer Science and Engineering Division, National Chemical Laboratory, Pune 411008, India

Received June 6, 2006, Revised Manuscript Received October 24, 2006

Blends of conventional reverse enteric polymer with enteric polymers result in insoluble polyelectrolyte complexes
and hence cannot be used in film coatings. We report a new set of miscible blends of a new reverse enteric
polymer (NREP) synthesized by us with enteric and pH-independent polymers. The nature of interactions between
polymers in the blends has been established by analyzing Fourier transform infrared (FTIR) spectra. The extent
of interaction has been investigated by thermal analysis and quantified in terms of pardtaetedX, in the
Schneider equation. Based on these values, the interactions between NREP and these polymers have been ranked
in the order EC (ethylcellulosey ES (Eudragit S)< HPMCP (hydroxypropyl methylcellulose phthalate). The
guantification of interactions in blends helps explain the release pattern of cefuroxime axetil (CA) at gastric pH
and tailor the release of other drugs according to their pharmacokinetic characteristics. The understanding also
provides a more rational approach for selection of polymers and their content in the coating compositions, rather
than an empirical approach.

Introduction To overcome the above limitations, we undertook the
development of a new reverse enteric polymer (NREP), which
dissolves at gastric pH and is useful for the development of
taste-masked, immediate, and sustained gastric release delivery

Polymer blends are extensively used in controlled drug
delivery systems as they enable tailoring drug release profiles
in ways not possible with individual polymetd. However, 1 . . . ST
existing polymers and their blends have not been very useful SyStems:' Evaluation of the biological reactivity (in vitro and
in achieving sustained release of cefuroxime axetil (CA) without N Viv0) was undertaken to ensure biocompatibility. A detailed
sacrificing palatability and bioavailability. CA, a second- investigation of physicochemical interactions between CA and
generation cephalosporin antibiotic administered orally, has a NREP by differential scanning calorimetry (DSC), Fourier
short half-life of 2 h3 It has a limited absorption window transform infrared (FTIR), NMR spectroscopy, and HPLC
restricted to upper gastric region. Oral bioavailability of CA is analysis was undertaken. The self-associations within NREP and
37-52%3 Intestinal enzyme esterase hydrolyzes CA to ce- its lower basicity prevent the interaction between NREP and
furoxime, a form not absorbed oralty® Hence enteric coating ~ CA. We evaluated the blends of NREP with other polymers to
polymers, that is, polyacids that release the drug in the intestinal bring about sustained release at gastriclpH.
region, would further lower CA bioavailability. It is therefore
essential to release CA in the gastric region (acidic pH) so that oo ior of polymer blend$-14 However, there are no reports
Its bloava|lat_)|llty is not further affected. Extensive efforts have describing systematic investigations on the extent of interactions
been made in the past to coat CA by use of cellulose acetate . - . o
trimellitate (CAT), hydroxypropyl methylcellulose phthalate within tk_\e p_olyr_ner blend responsible for blend m|§0|b|llty ar!d
(HPMCP), and Eudragit E (EEf CA was completely degraded correlating it with the drug release. The present investigation

in the presence of EE and led to unacceptably high proportions€POrts @ new set of film-forming polymer blends containing
of impurities in the presence of CAT® reverse enteric and enteric polymers for tailoring drug release.

The slow permeation of moisture from film coat into the tablet The nature of interactions between the constituents of polymer
core results in gelation of CA, leading to poor dissolution and blends has been established by analyzing FTIR spectra. The
reduced absorptiohApart from these, CA is extremely bitter ~ extent of interactions has been investigated by thermal analysis
in taste and a barrier coating to mask its taste is esséftial. and quantified in terms of parametésandK; in the Schneider
Delayed-release systems will not be effective for CA due to its equation. On the basis of these values, the interactions between
restricted absorption region, and gastroretentive systems likeNREP and Zein, EC, ES, and HPMCP have been ranked in the
floating tablets are difficult to formulate due to gelling tendency. order EC< ES < HPMCP. These investigations help interpret
The rational design of a sustained-release delivery system forthe drug release pattern from the blends, based on the extent of
CA needs to take into account the trinitydriug, delivery, and interactions between blend constituents. The results of the
destination.The physicochemical and pharmacokinetic charac- mechanistic investigations provide a more rational approach to
teristics of CA have restricted the formulation development t4jjor polymer blends for drug release. The utility of the blends
using commercially available polymers. This has educed the i, gystained release of CA under gastric conditions has been
need to develop a polymer capable of catering to these needsggiapjished. CA encapsulated in these polymer blends can be

* Corresponding author: te$91-20-25902178; fax 91-20-25902618;  formulated as solid dosage forms and also as liquid oral
e-mail mg.kulkarni@ncl.res.in. formulations!®

The literature reveals numerous investigations on phase
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Table 1. NREP Characteristics ZEIN. IR (KBr, cm™1) 1660 (amide I, &O stretching vibrations);
1530 (amide I, N-H bending vibration). Duodu et &.described
similar assignments.

composition (%)

feed by NMR Mw? PI® Ty (C) EC. IR (KBr, cm™) 3485 (broadband for OH groups); 2976, 2878
MMA 60 62 (methyl G-H asym/sym stretch); 1448, 1486 (methylenetCbend);
HEMA 25 27 58 550 16 121.2 1375 (C-H bending); 1131, 1064 (cyclic ether<® stretch in G-O—
VP 15 11 C). These assignments are similar to those described in thé°gast.

ES.IR (KBr, cm™t) 2500-3500 (OH groups); 29562997 (methyl
C—H asym/sym stretch); 2839 [methoxy (gHO—), C—H stretch];
1728 (esterified carboxylic acid,=€0); 1388, 1449, 1484 (methyl-H
vibrations, asym/sym stretch); 1150, 1193, 1270 (ester vibrations). These
values are similar to those assigned by Cilurzo ét al.

HPMCP. IR (KBr, cm™1) 3460 (O-H groups); 2989, 2884 (methyl

a MW, molecular weight. © PI, polydispersity index.

Experimental Section

Materials. Eudragit S 100 (ES) (Degussa/Rohm Pharma), hydrox-
ypropyl methylcellulose phthalate (HPMCP) (Eastman), ethylcellulose
(EC), and cefuroxime axetil were gifts from Lupin Laboratories Ltd, C—H asym/sym stretch); 2938 (methylene-B asym/sym stretch);
India. Zein, methyl methacrylate (MMA), 2-hydroxyethyl methacrylate 2828 (methoxy &-CHs), 1725 (C=0, ester); 1599 (€C conjugated
(HEMA), and 4-vinylpyridine were purchased from Sigmaldrich. vinyl, aromatic ring); 1448, 1486 (methylen&@l bend); 1285 (ester
The solvents methanol (MeOH), dichloromethane (DCM), and chlo- Pond €-O—C); 1128, 1067 (cyclic ether €O stretch in G-0-C);
roform (CHCE) were purchased from Qualigens. Dimethylformamide 949 (aromatic €H in plane bend), 746 (monosubstituted aromatic

(DMF) was purchased from Merck. Azobis(isobutyronitrile) (AIBN) ~ 11n9)- Similar assignments were reported in the past. _
was purchased from a local supplier. DSC Analysis. Neat polymers and the blends were subjected to

thermal analysis on a TA Instruments DSC Q100 V9.0 built 275, by
the modulated differential scanning calorimetry (MDSC) heat-only
method, with nitrogen as purge gas (flow rate of 50 mL/min). The
modulation amplitude was0.53°C every 40 s. Indium was used to
calibrate the enthalpy and temperature values. The experiments were

Synthesis of New Reverse Enteric PolymeNREP was synthesized
as disclosed by us earligr!’ The trace impurity of EGDMA (ethylene
glycol dimethacrylate) was removed from HEMA before polymerization
to yield soluble polymer. Freshly distilled monomers MMA and 4VP
were used for polymerization. In a 250 mL round-bottom flask, 18.72 o .
g of MMA (0.186 mol), 11.58 g of HEMA (0.088 mol), and 5.07 g of conducted in crimped sealed alum:num_ pans, an@ ing of sample
4-VP (0.048 mol) were added to 80 mL of DMF. Solution polymeri- was scanped -from 10 to 20€ at 5°C/min. ]
zation of the monomer mixture was carried out with 0.35 g of AIBN ~_ Determination of CA Content. CA content was determined by
(0.002 mol) as initiator at 65C for 18 h. The polymer solution was dissolving 50 mg of microparticles in 2 mL of MeOH and sonicating

concentrated on a rotaevaporator. The polymer was dissolved in (1:1f0r  min. The volume was made to 50 mL with 0.07 N HCI. The
viv) DCM—MeOH mixture and precipitated in water to remove solution was filtered and diluted further for analysis. The absorbance

unreacted monomers. Polymer was dried aP@7under vacuum for of solution was measured at 278 nm on a Shimadzu UV160 IPE€ UV
72 h. The polymer composition is given in Table 1 and the structure is ViSiPle spectrophotometer. Each sample was analyzed in triplicate.
shown in Scheme 1. CA Release StudiesMicroparticles containing cefuroxime equiva-

Preparation of Polymer Blends. The blends of ES, HPMCP, EC, Ie_nt to 125 mg were _placed ?n a basket of 900 mL of 0.07 N HCI. The
and Zein with NREP were prepared by solution casting method from dissolution was carried out in Electrolab USP type Il apparatus at 75
a mixture of MeOH-CHCl; (20:80). Films of NREP and above PMat37+0.5°C. The samples were collected after 30, 60, 90, 120,
polymers were prepared in the weight ratio 25:75, 34:66, 50:50, 66: 180, and 240 min while the sink condition was maintained. The
34, and 75:25 (% wiw). dissolution tests were done in triplicate.

Physicochemical Characterization of Polymer Blends: FTIR Scanning Electron Microscopy.Leica UK model Stereoscan 400
Spectroscopy The interactions between NREP and ES, EC, HPMCP, was ust_ad to scan the morphological changes in mlcropart!cles after
and Zein were examined by FTIR spectroscopy on a Perkin-Elmer dissolution. The samples were gold-sputtered before scanning.
Spectrum One instrument in diffuse reflectance mode. Sampt& (2 Encapsulation of CA by Use of Polymer Blends.CA was
mg) was thoroughly mixed, triturated with potassium bromide (100 encapsulated by an (_emulsmcatlon solvent_evaporanon method. NREP
mg), placed in the sample holder, and scanned from 4000 to 450 cm ~ Polymer blend solutions were prepared in mixture of MedhCM
The measuring conditions were 4.0 resolution, 2.0 zero-fitting, 16 (1:1 V/v). CA was added to polymer blend solution under magnetic
sample scans, and single-sided acquisition. The peaks were marked bytirmng. The CA-polymer solution was dispersed slowly in light liquid
use of the Perkin-Elmer spectroscopy software by peak picking at Paraffin containing 0.25% Span 85 under mechanical stirring. The
suitable thresholds. The peak assignments for neat polymers wereStirfing was continued for-34 h at 500 rpm. The microparticles were
compared with the peaks obtained for the polymer blends (50:50 w/iw Separated by filtration, washed with petroleum ether to remove the
%). The peak assignments for the neat polymers are as follows (Seeparaffln oil, and dried under vacuum for 24 h at room temperature.

structures of polymers in Scheme 1S, Supporting Information); Drug Release from Miscible Polymer Blends: Theoretical
NREP. IR (KBr, cmY) 3541 (OH, free OH groups): 1726 €D, Considerations. Miscibility of Polymers. Polymer blends in general
ester), 28392992 (methyl G-H asym/sym stretch); 14481482 are immiscible, since entropy of mixing is small and does not
(methyl C-H asym/sym bend): 11901270 (C-O stretch); 1558 compensate for unfavorable endothermic heat of mixing. Miscibility
1601, 990 (characteristic for pyridine ring). is achieved by incorporating functional groups in either or both
components of the blends. The interactions between functional groups,
Scheme 1. Structure of NREP which could be electrostatic, dipetelipole resonance, proton transfer,
(1) and hydrogen bonding, result in exothermic mixing, leading to
THS CI;HS miscibility. On the basis of the extent of interaction, the blends are
Hy Ho Ho H categorized as immiscible, partially miscible, and miscible. Release of
C _C_]_[_C _?_]_[_C _C_]_ drug from polymer blends depends on the extent of these interactions.
(|:=o c|;=o Miscibility of a wide range of polymers has been investigated by a
| o = variety of techniques such as DSC, microscopy, light scattering, inverse
CI) ‘ gas chromatography, rheology, and spectrosédpy.The estimation
CHg CeH,OH N of glass transition temperatur@g is the tool most widely used to

N evaluate polymer blend miscibility. The immiscible blends exhibit t&IE)V
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Tgs corresponding to the individual polymers. In partially miscible
blends, the twadly values shift depending upon extent of miscibility.
At the other extreme, when the interactions between the blend
components are strong, interpolymer complexes are formed that exhibit
Ty values higher than individual polymers in blend. The blend
miscibility resulting from weak interactions between the polymers
results inTy intermediate to the values for individual polymers.

The Fox equation, which assumes volume additivity of mixing,
provides the simplest frame work to correlags of blends? According
toeql

1_ %4 %
Tg Tgl T92

1)

whereTg: and Ty, representys of polymers 1 and 2, and; andX; are
weight fractions of polymers 1 and 2. THgs of polymer blends may
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Figure 1. FTIR spectrum of NREP.
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Mathematical Model for Release from Blends.The release data

were treated with the general equation put forth by Ritger and P&ppas

exhibit both positive and negative deviations from composition for nonswellable devices:

dependence predicted by eq 1. Further, the deviations are often not
monotonous. A large number of approaches to correlate composition
dependence dffy of blends have been proposed and have been reviewed
by Schneidef??® We have chosen to analyze the composition
dependence offgs of blends in the framework of the Schneider
equatior* as it accounts for both positive and negative deviations from

M/M,, = kt" (4)
where M/M., is the fraction of drug released at tinte k is the
proportionality constant that accounts for the structural and geometrical
properties of the matrix, and is the diffusional exponent indicative

eq 1 as well as the sigmoid&j versus composition curves. The miscible

of the drug release mechanism. Equation 4 adequately describes the

polymer blends result from homo- and heteromolecular contacts release of drugs from slabs, spheres, cylinders and tablets. In the case
between the binary blend components. The number of each type of Of Fickian release, the exponemthas a limiting value of 0.50, 0.45,
contact will depend upon the volume fraction of each component. Each and 0.43 from slabs, cylinders, and spheres, respectively. The values

of these contacts will make a different contribution to Ty@f blends.

of n andk are inversely related, and a higher valuekafuggests a

In development of correlation fofy of blends, Brekner et &P
considered the parameter to account for the deviations from additivity
due to the difference between contributions of hetero- and homomo-
lecular contacts to th&, of the blend. Furthermore, these contacts also
influence the free volume distribution in the vicinity of the contact.
The effect of this redistribution ofiy determines the magnitude of the
parametelK,. Since this redistribution also influences the formation
of contacts, the parameti€s depends on both the contribution of hetero
contacts toTy and the influence of changes in free volume in the
neighborhood on the contribution of contacts. Considering the effect
of these two factors on the deviations from volume additivity, and
application of appropriate boundary conditions, the following equation
was arrived at to correlate the dependenceTgfon the blend
composition:

(Ty = Tl(Tyo— Tg) = (L + K — (Ky + K)o + K2<(1>23)

whereK; is related to the difference in interaction energies of hetero
and homo contacts in polymer blenid; accounts for the energetic
perturbations in molecular surrounding of the hetero contacts in blend,
and¢ represents the volume fraction of the component with High
The conditionK; = 0 assumes effects of molecular surroundings for
all contacts to be identical. Howevé¢; = 0 necessitates th&h = 0,
which then leads to volume additivity. Equation 2, when converted to
the corrected weight fraction\) of the component having higher
Tg, results in

2
(Tg - Tgl)/(Tgz — Tgl) =1+ KPW, — K; + KW, .~ +
3
KW~ (3)
whereWse = [K'(Tg/ TgaWal/[wi + K'(Tgi/ Tgz)W,] and wy andw, are
weight fractions of components 1 and 2 in blend, respectively. However,

in most cases both positive and negative deviations from volume
additivity are observed In some cases sigmoidal plots fdg versus

burst release of drug from the mat#.

Results and Discussion

FTIR Spectroscopy. Infrared spectroscopy is extensively
used in the analysis of polymer blerisAmong various types
of associations that render polymer blends miscible, hydrogen
bonding is the most commadf. Hydrogen bonding affects
absorption bands in the region 3568600 cnt. The other
regions affected by polymer miscibility include=€® stretching
(1734 cmt), —CH, symmetric stretching (2886 cri, and the
fingerprint region (1308650 cn11).30 Strong interactions
between polyacids and polybases result in polyelectrolyte
complexes, and a new band for carboxylate salt is seen between
1500 and 1600 cmi.31:321n the present study this technique is
used to correlate the effect of interactions between the polymers,
their miscibility, and effect on drug release. It was observed
that as the extent of interaction increased; the protonation of
NREP is suppressed, which in turn affects the release pattern.

FTIR Spectra of NREP. NREP is a terpolymer comprising
MMA, HEMA, and 4VP. It contains both proton-accepting and
-donating groups. The carbonyl groups from MMA and HEMA
act as proton acceptors and are capable of interacting with the
proton-donating groups. The pyridine nitrogen is a proton
acceptor and is capable of forming hydrogen bonds. The
hydroxyl group of HEMA is a proton-donating group. It is
expected that NREP should exhibit self-association by hydrogen
bonding between hydroxyicarbony! or hydroxyt-hydroxyl and
hydroxyl—pyridine nitrogen (see Scheme 2S in Supporting
Information and Figure 1).

Hydroxyl Stretching Region (316@650 cntl). The bands
at 3285 and 3541 cmt arise from several contributions
corresponding to hydroxyl groups in different environments. The

composition curves are obtained. These deviations are best quantifieddand at 3285 cmt in NREP corresponds to hydrogen-bonded

by estimating fitting parametei$; andK,. The term K; — Ky) is a
measure of deviations ify, observed as a result of differences between
the contributions from hetero- and homomolecular contacts td’¢he
of the blend.

hydroxyl of HEMA co-monomer. This band shows a shoulder
at 3541 cm?! corresponding to free hydroxyl group. The
maximum at 3285 cmt represents intramolecular associated
hydroxyl groups in NREP. Similar bands for hydrogen-bon%et%/
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hydroxyl groups were observed in poly(HEM2)The subse-
guent section discusses the associations of hydroxyl groups from
HEMA with carbonyl and pyridine nitrogen from co-monomers
MMA and 4VP in NREP.

Carbonyl Stretching Region (1651740 cm’). The spec-
trum of poly(MMA) shows a band at 1730 crhfor carbonyl
groups®* The band at 1726 cmt in NREP corresponds to
carbonyl of MMA and HEMA. In addition, a shoulder is seen
at 1636 cn?, indicating self-association within NREP arising

% Reflectance

from intramolecular hydrogen bonding between carbonyl and 4000 3000 2000 1500 1000 450°
hydroxyl groups. Hydrogen bonding between carbonyl and wavenumber cm-1
hydroxyl within poly(HEMA) and carbony! of poly(MMA) with zein —~. O
free hydroxyl groups of celluosic polymer has been reported in
the pas®335 This substantiates our findings.

Pyridine Ring Mode (15461640 cnT?). The most intense oy 1558 NREP-Zein

bands for pyridine ring are located at 1558, 1597, and 990
cm~13336|n poly(4-VP) the band at 1558 crhis unaffected

by hydrogen bonding of nitrogen, whereas the bands at 1597
and 990 cm? show a shift. In the copolymer HEMA&e-4VP,

the preference of hydroxyl groups over carbonyl for interaction

with pyridine nitrogen has been reporf8\REP shows bands 1700 1650 1620 1580 1540 1500 1450

for pyridine at 1601, 1558, and 990 cin In the past, a shift ' o

from 1597 to 1603 cm' for hydrogen-bonded pyridine was E;%lgsdjd Séz)ctrZTlR spectra of NREP=Zein blends. (b) Scale-
reported?®37 In NREP a shift from 1597 to 1601 cthfor the

pyridine band is seen, indicating hydrogen bonding between from NREP with the amide carbonyl of Zein, rendering the
pyridine nitrogen and hydroxyls from HEMA. blends either miscible or partially miscible. The mixing of NREP

Potential Interactions with NREP. Poly(4VP) is reported  with Zein resulted in immediate phase separation. The bands
to undergo hydrogen bonding (pyridine nitrogen acts as proton for amide | and Il of Zein appear unaffected in the NREP
acceptor), coordination complexation (lone electron pair of Zzein blend (see Figure 2). The frequency for the free hydroxyl
nitrogen) and charge-transfer (acid/base interactiéhd)/P of NREP is unaltered in the blend. The pyridine bands at 1601
imparts basic character to NREP. Hence NREP should beand 1558 cm! in NREP are also unaltered. The amide bands
capable of forming hydrogen bonds with polyacids. Strong are reported to shift as a result of hydrogen bondff.
interactions between polyacids and polybases involve proton However, such changes are not observed, suggesting that the
transfer, leading to salt formatidf.The chemical structure of  gmide groups are not involved in hydrogen bonding with
NREP indicates that the free hydroxyl from HEMA and carbonyl hydroxyls of NREP. It is expected that NRERein blends
from HEMA as well as MMA and pyridine nitrogen can  would exhibit twoT,s owing to partial miscibility or immiscibil-
contribute toward hydrogen bonding. Also it was of interest to ity
investigate whether intramolecular association in NREP would (B) NREP—EC Blends. The presence of cellulosic hydroxyls
be overcome by intermolecular associations in its blends with jn EC enables it to participate in hydrogen bonding. The band
Zein, EC, ES, and HPMCP. for free hydroxyl group in EC is seen at 3485 thisee Figure

A comprehensive analysis of hydroxyl and carbonyl stretching 3). It does not show a shoulder at lower frequency corresponding
regions and the pyridine ring modes was undertaken. Of specialto hydrogen-bonded hydroxyls.
significance was the pyridine ring mode, as it differentiates NREP can form miscible blends with EC via hydrogen
between strong and weak interactions. Complexation of pyridine honding involving hydroxythydroxyl, hydroxyl-carbonyl, and
to metal ions and sulfonic acid has been repoftet.** The hydroxyl—pyridine nitrogen from EC and NREP (see Scheme
complexation of pyridine involves proton transfer with conver- 3s in Supporting Information). The film of NREFEC blend
sion to pyridinium. Protonation of pyridine results in the s transparent. The FTIR spectrum of NREEC blend shows
appearance of new band between 1618 and 1637 amd the 3 fall in intensity for the free hydroxyl group at 3483 chas

% Reflectance

disappearance of bands at 1597 and 1558cif'*4243The compared to neat EC. Further it shows the appearance of a
weak interactions involve hydrogen bonding of pyridine nitrogen shoulder at 3285 crd for the hydrogen-bonded hydroxyl,
with a band shift to higher wavenumbet%—6 cm ') from indicating weaker association. Lee et&teported that hydrogen
1597 cnr37:44 bonds in polymer blends differ in strength. Strong bands appear

FTIR Spectra of NREP Blends: (A) NREP—Zein Blends. at 2800, 2500, and 1800 crh the moderate to intermediate
In Zein, the broad band of amide | is seen at 1657 £(Figure strength bands appear at 33®B00 cnt!, and a weak
2). It corresponds to two populations of carbonyl groups: (1) structureless broad band appears at 3300cithis substanti-
free and (2) involved in intramolecular associations with NH ates our findings.
groups. Similar features for amide bands in poly(ether amide)  The carbonyl band in NREPEC blend is seen at 1726 ¢t
have been reported. with a shoulder at 1635 cr. This shoulder is more profound
Polyamides are proton acceptors and form hydrogen bondsin the blend than in neat NREP. This indicates the participation
with proton donors like carboxylic, hydroxyl, and phenolic of carbonyl groups of HEMA or MMA from NREP in hydrogen
groups?+46 Zein contains amide groups and acts as a proton bonding with hydroxyl groups of EC. The bands at 1601 and
acceptor like NREP. Both NREP and Zein exhibit self- 1558 cnt! for pyridine group are unaltered in the NREEC
association, which needs to be overcome to ensure miscibility. blend. Thus pyridine nitrogen is not involved in hydrogen
There still exists a possibility of interaction between hydroxyls bonding (see Figure 3). From the interactions observed ak&w&/
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@ polybases results in generation of two new bands at 1560 and
1400-1300 cn11.21 Blending of polybase NREP with polyacid
ES is expected to show changes in the pyridine ring mode,
hydroxyl, and carbonyl stretching region. The NREES blend
was examined for carboxylate salt formation (see Schemes 4S
and 5S in Supporting Information).
Hydroxyl Stretching Regiomoth NREP and ES show bands

15101 at 3540-3550 cn1! for free hydroxyl groups. A decrease in
1726 1558 intensity for this band is seen in the blend. The region 2500
4000 3000 2000 1500 1000 250 3500 cnt!in NREP-ES blend shows significant band broad-

wavenumber cm-1 ening due to hydrogen bonding. Further, the blend shows a band
) for free hydroxyls at 3536 cni with a shoulder at 3268 cm.
The appearance of this band at 3268 ¢érsuggests weaker
hydrogen bonding in hydroxyl groups as reported by Lee et
als8

Carbonyl Stretching RegionThe band for carbonyl in
NREP-ES blend is broader than that seen in neat NREP,
1558 indicating hydrogen bonding of the NREP carbonyl with

hydroxyl of ES. However, the carbonyl band in blend is
narrower than that seen in neat ES. This indicates that the self-
1660 1640 1620 1600 1580 1560 1540 1520 association between carbonyl and hydroxyl within ES is
wavenumber cm-1 . L .
Figure 3. (a) FTIR spectra of NREP—EC blends. (b) Scale-expanded pvercome and the- C-arboxyhc hydrOXyl- now part!mpatQS n
spectra. interpolymer association with NREP. This causes liberation of
carbonyl from self-association in ES. This is reflected in the
spectrum, which shows a maximum at 1726¢érand shoulder
at 1703 cm™. Similar results were reported for methacrylic acid
and vinylpyridine group4® No new bands were observed in
the region of 1560 cmt, confirming that no carboxylate salt
was formed between NREP and ES.

Pyridine Ring ModeThe 1558 cm! band for pyridine ring
in NREP remains unaltered in the NREBS blend. The band
at 1601 cmt in neat NREP shifts to 1603 crhin the NREP-
| ES blend. This shift to higher wavenumber indicates participa-
4000 3000 2000 1500 1000 450 tion of pyridine nitrogen in intermolecular hydrogen bonding.
wavenumber cm-1 ) Similar shifts ¢-5—6 cn) for hydrogen-bonded pyridine
1508 nitrogen in blends of poly(VP) with poly(vinyl acetat®-vinyl
alcohol)/poly(HEMA)/poly(monomethyl itaconate) and penta-
decylphenol have been report&$837.50The scale-expanded
spectrum (Figure 4b) shows that there are no new bands
generated in the region 1638637 cnt. Thus protonation of
the pyridine group to pyridinium has not occurred. The
\ intermolecular associations in NREES are of weaker mag-
'\Es nitude, rendering the polymers miscible without complexation.
| Hence positive deviations iiiy from weight average are not
1700 1680 1620 1580 1540 1500 1450 expected. But the interaction in NREES is stronger than that
Figure 4. (a) FTIR spectra of NREP—ES blends. (b) Scale-expanded seen in NREPEC, so the NREPES blends. are expected to
spectra. show slower release of CA than that seen in NRIEE.
(D) NREP—HPMCP Blends. HPMCP contains cellulosic
NREP-EC may be expected to exhibit a single composition- hydroxyls in addition to acid hydroxyls. The carboxylic groups
dependentry. However, the extent of interaction in NREP in HPMCP are attached to the aromatic ring and are therefore
EC is weak; hence negative deviations from additivity are more amenable to dissociation due to stabilization effects of
expected. the ring. The spectrum of HPMCP shows bands for free

(C) NREP—ES Blends.The spectrum of ES in the hydroxyl ~ Nydroxyl groups at 3483 and 3473 cin(see Figure 5). The
stretching region shows the presence of free hydroxyl groups Carbonyl band appears at 1725 thor HPMCP and shows a
(3500-3550 cnt) and a shoulder at 3200 cth This indicates shoulder _at lower frequency, |r_1d|cat_|ng self-asso_matlon. The
hydrogen-bonded hydroxyls (Figure 4). The carbonyl stretching carbonyl is hydrogen-bondt_ad with ampl or ceIIqus!c hydroxyls
region of ES spectrum shows maxima at 1727 tfior C=0 (see Schemes 6S and 7S in Supporting Information).
groups (acid and ester carbonyl) and a shoulder at 163%.cm Hydroxyl Stretching RegionThe NREP-HPMCP blend
The presence of a shoulder indicates self-associations in ESshows a free hydroxyl band at 3511 thand a slight shoulder
due to hydrogen bonding between the acid hydroxyls (COOH) at 3297 cm* (see Figure 5). The neat NREP shows a distinct
and carbonyl from the acrylic ester and carboxylic groups. band for hydrogen-bonded hydroxyls at 3285 ¢mwhereas
Existence of association betweerrO and acid hydroxyls in ~ the NREP-HPMCP blend shows the same at 3297 énThis
Eudragit L (EL) was reported in the pd8tand our findings shift indicates increase in intensity of hydrogen bonding.
are similar to these. The salt formation of EL and ES with  Carbonyl Stretching RegionThe carbonyl band in th&DV

NREP-EC

% Reflectance

NREP

% Reflectance

1601

% Reflectance

% Reflectance




New Reverse Enteric Polymers for Sustained Release Biomacromolecules, Vol. 8, No. 1, 2007 245

1599 @ Table 2. Ty of Neat Polymers
1559 NREP-HPMCP, .
579 1O
® polymer observed reported refs
Qo
5 /\\ ES 172.8 163,171 21,59
2 EC 135.8 133.4, 125 60, 61
f NREP 121.2
° HPMCP 137 ~150 62
Zein 164.4 156,164 53, 63
1579
1599 ) )
4000 3000 2000 1500 1000 450 Table 3. Parameters Derived by Equation 3
wavenumber cm-1
blend K= Tglngz Ky K> K1 — K>
NREP—EC 0.89 —0.62 0.59 —1.14
NREP—-ES 0.70 —-0.08  0.47 —0.55
2 NREP—HPMCP 0.88 0.01 178 -1.77
5
2
5 and phenolic units was inhibited due to lower content of 4VP
= and the presence of intercalated styrene #Aithie composition
of NREP is shown in Table 1. The lower content of pyridine as
compared to carbonyl and hydroxyl groups may also help in
inhibition of complexation with polyacids. From the FTIR

1700 1660 1620 1530 1540 1500 1450

wavenumber cm-1 studies it was concluded that NREPIPMCP blends exhibited
Figure 5. (a) FTIR spectra of NREP—HPMCP blends. (b) Scale- the strongest interaction among all the systems.
expanded spectra. Thermal Analysis. The Ty values of neat polymers observed

are shown in Table 2 and these are in good agreement with

NREP-HPMCP blends is narrower than that seen in HPMCP those reported in literature. The values of fitting parameters are
but broader than that in neat NREP. This shows that the self- given in Table 3.
association in HPMCP between carbonyl group and acid (A) NREP—Zein Blends. The films cast from NREPZein
hydroxyls is overcome and the carbonyl group is liberated. The showed distinct transparent and opaque regions indicating phase
acid hydroxyls in carboxylic groups from HPMCP participate separation. This was reflected in thermal analysis with appear-
in intermolecular associations with NREP. ance of twoTgs for all compositions as seen in Figure 6a. The

Pyridine Ring Mode HPMCP showed bands at 1599 and lower Ty corresponds to the NREP-rich phase and the higher
1579 cml. The spectrum of NREPHPMCP in the region Ty to Zein-rich phase. Th&; versus composition plots (Figure
1700-1450 cnt! showed three bands at 1599, 1579, and 1558 6b) did not show a consistent composition dependengéor
cm™* (see Figure 5b). The band for pyridine at 1601 ¢rm Zein shifted to a higher value (16470 °C) from 164.4°C,
NREP is merged with the band at 1599 ¢nhof HPMCP. while for the NREP-rich phase, thk, shifted below 121.2C
However, the second band at 1579 @nfor HPMCP and the

third band at 1558 cnt due to the pyridine ring of NREP are ——f————~\15&__ @
resolved. The other band corresponding to pyridine ring at 990 1188 o 0
cm1in NREP appears in the NREFHPMCP blend at 988 -—JH
cm™L. Since bands at 1601 and 1599 <¢min NREP and 112.0 BB

HPMCP are too close to be resolved, the band at 1558'cm
for NREP was examined. The scale-expanded spectrum of the
NREP-HPMCP blend shows a clear band at 1558 ¢érand
slight emergence of a new band at 1636 énSince the content

of pyridine is too low in NREP, the absorption of this band is ﬂ
not evident without scale expansion. The coexistence of the Upgsi e
bands at 988 and 1558 calong with the emergence of a MTS?S
weak new band at 1636 crhin NREP-~HPMCP blend suggests N:i_,’—wo
partial conversion of pyridine groups to pyridinium. Partial .
protonation of pyridine in blends of poly(2VP) with poly- Bouwp T Tempooture°d
(monomethyl itaconate) and poly(ethyleo@methacrylic acid)
has been reported in the pst8 1901 )

The complete conversion of pyridine to pyridinium would 170-),_,_,—-—-/"\-/

result in complex formation, which we did not observe. The -

168.7
33:66

123.8

1741
50:50

1115

Reversible heat flow

175 200

. . . . © 150 - 0o,
partial conversion observed might be attributed to the presence g BRI
of (1) a nonionic structural defect in NREP, (2) lower content 2 130 1 AR

10 - W

of pyridine, or (3) low K, value of 4VP. It has been reported
that blends of poly(4VP) with poly(HEMA) did not result in

complexatior®® The presence of nonionic structural defect in 90 T T T T ,
polyacids or polybases restricts com_plexatlon with _opposnely 0 20 A eEpwdo 80 100
charged polyme#?:3°485INREP contains HEMA, which may —8—Observed Tg1 —8—Observed Tg2 = © * by Fox eq.

act as a structural defect, thereby avoiding complex formation Figure 6. Thermal analysis of NREP—Zein blends: (a) thermograms;

between NREP and HPMCP. Complexation between pyridine (b) Ty vs composition plot. CDV
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0 0.2 0.4 . 06 08 Figure 8. Thermal analysis of NREP—ES blends: (a) thermograms;
Wae = KW2 /W1 + szlé,:’:'e'e K=KTglTg2and (b) Ty vs composition plot; (c) Ty composition data as per eq 3.
Figure 7. Thermal analysis of NREP—EC blends: (a) thermograms; . . . .
(b) Ty vs composition plot; (c) Ty composition data as per eq 3. increase in free volume. This results in a fallligof the blend

as compared to the predictions based on volume additivity. The
(Figure 6b). The shift iffy of amorphous Zein films from 165  parameterK; is the difference of effects of redistributions
°C to higher value £170 °C), due to conformational change predominantly in environment of components 1 ané&2> 0
from random coil too. and 8 form, leading to partial crystal-  reflects more conformational changes occurring in NREP than
lization, is reported? The presence of moisture cleaves the intra- in EC, which is expected due to the bulky/rigid structure of EC
and intermolecular bonding in Zein, contributing to these effects. as compared to NREP.
The fall in Ty of NREP could be due to the presence of Zein (C) NREP—ES Blends. Normally interactions between
molecules in between the polymer chains. Since both Zein andpolyacids and polybases result in charge transfer with poly-
NREP are proton-accepting polymers, they do not interact, electrolyte salt formation. Th&y versus composition curves
which results in immiscibility. Hence, to attain the sustained for such systems result in large positive deviations from
gastric release of CA, large amounts of Zein would be required additivity.2® The NREP-ES blends formed clear films at all
along with NREP. compositions. The blends showed a sirigat all compositions,

(B) NREP—EC Blends. The NREP-EC blends showed a  indicating miscibility (Figure 8a). However, the experimentally
single Ty at all compositions (Figure 7a). The experimentally obtainedTy values showed large negative deviation from the
obtainedTy values showed large negative deviations from the weight averagélys (Figure 8b). Thély values of NREP-ES
values calculated by eq TIgs for all blend compositions were  blends do not exhibit variation with composition and lie within
within 3 °C and did not vary with composition (Figure 7b). a narrow range of 123123°C. TheK; andK; values obtained

The extent of interactions was quantified by fitting the data for NREP-ES blends are-0.08 and 0.47, respectively (Figure
in eq 3. The values of parameteks and K, obtained were 8c and Table 3). The valu&; < 0 was expected since negative
—0.62 and 0.59, respectively (see Figure 7c and Table 3). Thedeviations for blend’ys were observed from volume additivity.
negative deviation from additivity reflects weak intermolecular The lower charge densities on NREP and ES contribute to
interactions between blend components and is reflectdt,in  conformational redistributions, to establish the hetero contact
< 0. EC is nonionic; hence, weak interactions with polybase for favorable energetic interactions. The strong self-association
NREP were expected. NREP and EC chains undergo confor-between hydroxyl of HEMA with pyridine nitrogen in NREP
mational redistribution to establish hetero contacts responsibleis overcome to establish the hetero contact with acid hydroxyl
for miscibility, which is reflected inK, (0.59) > 0. This of ES. The large negative deviations from additivity can be
conformational redistribution leads to change in entropy with explained on the basis of these conformational changeSéBrv
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1733 (@) Table 4. CA Formulations Based on NREP and Its Blends with
/ﬁo Polymers
] 122.1 formulation®  NREP other polymers? total polymer¢
& 218 F1 1200 1200
¥ m F2 600 600
2 33:66 )
< F3 300  Zein (600) 900
gl T2y s F4 300  Zein (150), EC (25) 475
£ F5 300 EC (45) 345
@ 124 0 F6 300  EC (60) 360
66:33
1 121.0 F7 300 EC (100) 400
S s 17 F8 200  ES (100) 300
1212 F9 300 HPMCP (50) 350
T ——1 F10 200  HPMCP (200) 400
Exo up 100 150 zim F11 200 HPMCP (300) 500
Temperature °C F12 300 HPMCP (25), EC (15) 340
180 (b) F13 300  HPMCP (25), ES (15) 340
160 - e 2 Different formulations containing 600 mg of CA. ©Values in paren-
o e, theses are weight ffactlons of other polymer in milligrams. ¢ Total polymer
§ 140 1 to content in formulation.
°

The values of parameteks andK, were larger for NREP
HPMCP than those seen in NREES and NREP-EC (see
Table 3). The structural symmetry due to the presence of

120 1

100 T T T T 1

0 20 40 60 80 100 cellulose ring and aromatic ring in HPMCP and NREP,
o experimentalvalye e o - by Fox eq. respectively, help in establishing better hetero contact than that
seen in NREP-ES. The probability of interaction is influenced
0251 © by favorable structural symmetry factors in polyacceptor/
= 021 polydonor, which contribute to increased formation of hetero
N contactg32454
E'; \ CA Release from Microparticles. The enteric polymers ES
=g 0 . and HPMCP prevent drug release at acidic pH. The immediate
P 005 e e e release of drugs from reverse enteric polymer at acidic pH is
g 0 . . well-known. The effect of blending enteric polymers with NREP

is discussed below. An advantage of using NREP as the cationic

0 0.2 0.4 06 08
Wae = KW2 W1+ KWI2, where K=K(TglTa2 polymer along with enteric polymers was that a hydrophobic
Figure 9. Thermal analysis of NREP—HPMCP blends: (a) thermo- C:Oherent_ film COUld_ be formed. The hydrOph_Obic nature of Fhe
grams; (b) Ty vs composition plot; (c) Ty composition data as per eq film coating is p?_ir“CU'ar'}/ useful for CA, as it F?nds to gel in
3. presence of moisture with loss of bioavailability. The FTIR

studies of NREP blends with all polymers showed the presence
of free pyridine groups. These blends were expected to show
pH-dependent behavior at acidic pH as the free pyridine is
available for protonation. These blends were ideal for CA, which
is absorbed primarily in upper gastric region. Another advantage
of using these hydrophobic blends is that the coated micropar-
ticles can be used in the pediatric formulations such as granules
for reconstitution. These coatings would provide sustained

deviations from the weight-averadgvalues, reflecting weaker release along with t.aste masking. The. different compositions
interactions between these polymers (Figure 9b). Data treatment/S€d for encapsulating CA are shown in Table 4.
with eq 3 yieldedK; = 0.01 andK, = 1.78 (see Figure 9c). The dissolution of CA from NREP-coated microparticles is
The value ofK; (0.01) was larger for NREPHPMCP than shown in Figure 10. NREP releases 80% of CA in 30 min and
that observed for NREPES (—0.08), indicating stronger ~ 90% in 60 min. CA release from NREP-coated microparticles
interaction. The FTIR analysis also supports this, since partial 0ccurs by dissolution of NREP resulting from protonation of
protonation of pyridine to pyridinium in NREPHPMCP blends ~ pyridine nitrogen. Both formulations (F1 and F2) showed a very
was seen. The positive value &f; reflected the favorable  rapid release at pH 1.2. It has been reported in the past that
energetic interactions by hetero contact formation in NREP and once the solvent has diffused into the glassy polymer reaching
HPMCP. However, this did not result in complete charge a critical concentration, the polymer chain disentanglement
transfer. There was no stiffening of donor chain; the deviations dominates and the polymer begins to disséR*arious models
of blendTgs from predictions of eq 1 are still negative. For this for polymer dissolution have been proposédhe dissolution
system too, the value ¢f; reflected large contributions toward  of glassy polymer involves three steps. In the first step, solvent
the blendT,, arising from conformational redistributions in  molecules diffuse into the polymer matrix. This is followed by
NREP and HPMCP chains, to establish the hetero contact. Thethe relaxation of polymer chains initiated by the penetration of
positive value oK, (1.78) reflected the predominant contribu- the solvent molecules and formation of a swollen gel. In the
tion from NREP in conformational changes. This was expected final step, polymer chains diffuse out from the gel into the
as HPMCP has a bulky structure. solvent reservoir. In the present investigation CA is disperésq/

tributed by both components in NREES blends. Hence the
value of K; (—0.08) in NREP-ES blend is greater than for
NREP-EC (—0.62).

(D) NREP—HPMCP Blends. NREP at all compositions
formed a clear film with HPMCP. The blends showed a single
composition-dependenly, which increased with increase in
HPMCP content, indicating miscibility (Figure 9a). As seen in
earlier cases, the NREMHPMCP blends showed negative
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Figure 10. CA release from NREP microparticles. ——F3 ——F4

in the matrix of NREP and the dissolution of NREP causes the
release of CA into surrounding acidic buffer medium.

The content of NREP was high in all the polymer blend
formulations (F3-F13) as seen from Table 4. So it was expected
that CA would be released immediately due to dissolution of
NREP. However, the blending of NREP with Zein, EC, ES,
and HPMCP resulted in sustained release of CA, due to the
polymer—polymer interactions. The release rate decreased as
K1 increased. The interactions of NREP with these polymers
resulted in slow progress of the buffer in the glassy core, causing
the delay in release. The ionization of free pyridine in blends
results in rapid penetration of the acidic buffer initially, resulting ,
in swelling and dissolution of polymer. The desorption of Figure 11. (a) CA release from NREP—Zein blends. (b) SEM for
dissolved NREP is seen as pores in the SEM images (Figuresmicroparticles (F4).

11-14). In most cases, as the sharp penetration of solvent

progresses it separates the glassy core from the swollen rubberyg it was expected that formulations based on NRE&n
phase. The magnitude of polymer relaxation is dependent onyould exhibit rapid initial release due to dissolution of NREP
relative rate of solvent penetration, resulting in either Fickian 4t acidic pH. Hence higher content of Zein was used in
or non-Fickian behavidt’ We observed that as the extent of  formulation F3, to sustain CA release at gastric pH. F3 released
interaction between NREP blends increased, the rate of buffer450, 549, 60%, 65%, and 80% of CA in 30, 60, 120, 180,
penetration slowed. This is reflected in the release attaining ang 240 min, respectively (Figure 11). CA releasedd from
Fickian pattern for NREPHPMCP blends where the extentof 3 was found to be desirable; however, the total amount of
interaction was highest as seen from the highestvalue  polymer required for attaining the release pattern was very high
obtained for this blend. _ (900 mg). The evaluation of the extent of interaction between

Table 4 shows the formulations based on NREP and its polymers by eq 3 provides a measure to decide the blend
blends. The release exponents are summarized in Table 5. Incomposition in formulations. For polymers that exhibit better
the present system the CA release has to be completed in thgnteractions, lower amount of polymer in blends can achieve
gastric region before transit to the small intestine, and hence atne same release profile.
rapid release followed by SIC_)W release for8h is preferr(_ad. From the FTIR and thermal analysis, it was found that EC
In some cases burst release Is also favé?é'@e relgase proﬂleg was miscible with NREP and exhibited better interaction than
from polymer blends are discussed below in detail and explaunedthat exhibited by Zein. Formulation F4, based on NREP, Zein
on the basis qf predictions ma_de from_MDSC and FTIR analysis. and EC blends, wasl therefore desig’ned. The total pblymér

NREP—Z(_aln-Based CA Microparticles. T_he MDS.C ?”d_ content in F4 was 475 mg as compared to 900 mg in F3. The
FTIR analysis had shown that NREP and Zein were immiscible, initial CA release from F3 and F4 is comparable in spite of
reduction in total polymer content, which is attributed to stronger

interaction in NREP-EC than in NREP-Zein (see Figure 11).

Table 5. Kinetic Parameters Based on Equation 4

kinetic release _ The lowering of Zein content in F4 resulted in a slight increase
parameter exponent correlation of CA release at the end @ h in comparison with that seen
formulation® ® (n) coefficient for F3. The SEM for F4 microparticles (Figure 11b) shows
F3 51.2 0.20 0.98 porosity generated due to dissolution of NREP. The release data
F4 58.8 0.26 0.97 on treatment with eq 4 showed that the valu&kefas higher,
F5 66.0 0.24 0.98 indicative of burst release. This further validated the conclusions
F6 66.0 0.23 0.91 drawn from the MDSC and FTIR studies for miscibility of
F7 60.2 0.18 0.93 NREP with Zein. The release of CA was sustainedaip h in
F8 55.0 0.20 0.96 F3 and F4 compared to the rapid release from F1 and F2.
F9 60.0 0.22 0.97 NREP—EC-Based CA Microparticles. The MDSC and
F10 46.7 0.42 0.99

FTIR analysis showed that NREEEC blend is miscible but it
exhibits weak interactions, which can be overcome by the
a Different formulations containing 600 mg of CA. interaction between the acidic buffer and NREP. Hence a %S\t/

F11 35.1 0.46 0.99
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Figure 13. (a) CA release from NREP—ES blends. (b) SEM for
microparticles (F8).

The values of parametelk§ andK; for NREP—-ES are higher
than those for NREPEC. The FTIR spectrum of NREFES
showed a shift for the pyridine group from 1601 to 1603¢m
indicating participation of pyridine nitrogen in hydrogen bonding
Figue 12. (@) CA release fom NREP-EC blends () SEM for oo 2 e Sttt (R T SC L e than EC.
micropatrticles (F5). L

Hence the initial release from NREES blend was expected
followed by slow release is expected. CA release for F5 and to be lower than that observed for NREBC system and this
F6 based on NREPEC is shown in Figure 12a. The rapid has been confirmed. The value of paramd€er(—0.08) was
release of CA from F5 and F6 occurs from the pores generatednot very high for NREP-ES blends. Hence the initial burst
by dissolution of NREP, as seen from the SEM images (Figure release would be observed even on altering the blend composi-
12b). The higher value of kinetic parameter for F5 and 6 ( tions at acidic pH. The hydrogen bonding between NRES
66, each) further substantiates this. The CA release is slowedis weak without conversion of pyridine to pyridinium units.
thereafter due to the interactions between NREP and EC. With These free pyridine nitrogens protonate in acidic buffer respon-
a slight increase in concentration of EC in F6, CA release was sible for the burst release seen for F8.
slowed afte 2 h (Figure 12a). The data treatment by eq 4 showed higher valuk foir F8

The weak interaction between NREP and EC makes it (55.0), and the SEM image (Figure 13b) for microparticles after
difficult to control initial rapid release. Since the extent of dissolution further substantiates this. CA release is slowed
interaction is weak, the free pyridine from NREP will protonate thereafter, reaching 74% at the end of 4 h. Formulations with
and cause initial rapid release in acidic pH. To verify this, increase in ES content to control burst effect would not be
dissolution of CA from another formulation (F7) with a higher useful. Similar conclusions were reached in the case of NREP
content of EC (100 mg) was investigated. The initial release EC blends. Further lowering of ES content would result in
from F7 was comparable to that from F5 and F6; however, increased initial CA release, which was not desired. Hence such
retardation in CA release aft& h was observed. Any further  formulations were not attempted. There is a marked difference
increase in EC content to lower the initial CA release would in the morphology of NREPES-based microparticles as
not be useful, and furthermore, it would result in retardation of compared to those based on NRERein and NREP-EC. The
release after 1 h. Hence, formulations containing still higher NREP-ES structure is less porous as compared to NRE#N
loading of EC were not attempted. Instead, formulations with and NREP-EC, as seen from Figures +13.
polymers exhibiting better interaction than EC with NREP were  NREP—HPMCP-Based CA Microparticles. HPMCP ex-
investigated. hibited the strongest interaction with NREP among all the

NREP—ES-Based CA Microparticles.CA release from F8 polymers investigated. The FTIR analysis showed that pyridine
based on NREPES is shown in Figure 13a. The greater nitrogen in NREP is partially converted to pyridinium units by
interaction exhibited by NREPES than NREP-EC enabled HPMCP. This indicates that all the pyridine nitrogen are not
us to retard CA release from F8 compared with that seen for free for protonation by acidic buffer; hence the initial rapid
F5 and F6. Further, the total polymer loading in F8 is 300 mg, release would be suppressed. Hence incorporation of lower
as compared to 345 and 360 mg in F5 and F6, respectively. quantities of HPMCP would retard CA release substantially.
Also, in comparison to the formulations based on Zein (F3 and Formulation F9 with 50 mg of HPMCP and 300 mg of NREP
F4), the NREP-ES-based formulation was able to retard the was considered for sustaining CA release.

CA release at lower polymer loading. This is attributed to better  F9 releases 53%, 65%, 76%, and 87% of CA after 30, 60,
interaction in NREP-ES than in NREP-EC/Zein. 120, and 240 min, respectively (Figure 14a). Due to stror@&/
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after 4 h. Since CA is absorbed in the upper gastric region, this
release pattern would not be desirable. However, such sustained
release would be desirable for drugs absorbed throughout the
gastric tract. These results will be discussed later.

To validate whether low extent of interaction results in rapid
release from blends, a third component with lower interaction
than HPMCP with NREP was introduced. Two formulations
(F12 and F13) with EC and ES, respectively, were formulated.
CA release was faster from F12 when compared with F9, F10,

and F11 (see Figure 14a). Formulation F12 released 76% of
CA in 30 min and 97% after 4 h. From Table 3 it can be seen
thatK; for NREP—EC is lower than for NREPHPMCP, which
accounts for higher CA release from F12. The SEM for
formulation F12 (Figure 14b) shows open porous structure
generated as a result of dissolution of CA and NREP. The
release of CA from F13 was slightly retarded as compared to
F12 (see Figure 14a). The extent of interaction contributes to
the observed release pattern, askh&alue for ES was greater
than that obtained for EC. SEM for F13 shows formation of
pores contributing to initial burst release. When polymers
constituting the blend exhibit weak interaction, the release
pattern shows a significant burst followed by sustained release.
When the interactions are strong, the burst is suppressed and
the release is sustained. The extent of initial burst release and
the period of sustained release can thus be manipulated by the
judicious choice of polymer constituents as well as the polymer
compositions. Incorporation of HPMCP, which has a relatively

) ] higher extent of interaction with NREP, helps to sustain CA
interaction between NREP and HPMCP, even a small amount g|ease at the lowest possible loading.

of HPMCP (50 mg) blended with large amounts of NREP (300
mg) was effective in sustaining CA release up to 4 h. The release
from F9 was retarded as compared to earlier formulations and .
this can be attributed to the highest interaction exhibited by The releage rates O,f the dfugs from the excipient b_Iends can
NREP-HPMCP compared with the other blends investigated. be systematically varied only if the blends are miscible. The

The value of the kinetic parameter derived from eq 4 Was understanding of interactions between the constituents of
60, indicating initial burst release. The FTIR analysis showed polymer blends _gamed frpm FTlR.StUd'eS and thermal anaIyS|_s
that only partial pyridine is converted to pyridinium, and the has been exploited to tailor sustained release of CA at gastric

partially free pyridine is responsible for initial burst release. PH: NREP is immiscible with Zein and completely miscible
The SEM of micropatrticles is shown in Figure 14b. The surface with EC, ES, and HPMCP at all compositions. The miscibility

morphology of NREP-HPMCP microparticles (F9) shows less is goyerned by t_he _degree of interactions between the blend
porosity compared to earlier formulations (F4, F5, and F8). constituents, which in turn affects the release pattern. Tthe

. . . - . data analyzed in terms of the Schneider equation shows that
To validate the earlier assumption that extent of interaction ; . h .
the order of interaction of these polymers with NREP is €C
affects the release pattern from the polymer blends, two

formulations (F10 and F11) with higher HPMCP content were ES = HPMC.P' _The parameters of the Schneider equation
formulated. As the content of HPMCP increased. the amount provide a guideline for the choice of the blend constituents.

S Blends containing EC, which exhibits weak interaction with
of free pyridine in NREP-HPMCP blends would be lowered ’ : ;
due to formation of pyridinium units. The dissolution of NREP NREP, show fast release of CA due to dissolution of NREP.

in acidic buffer would be retarded, resulting in lower initial Blends of HPMCP, which shows the highest interaction with

release. Thdy versus composition plot showed that at 50:50 NREP, can be optimized to yield dlfoSIOI‘l-COI’IFFOHGd releasg.

. The blends reported here can be further tailored to attain
(wiw %) NREP-HPMCP, the experimentdy, value was close sustained release in the intestinal region, depending upon the
to weight-averagely. Since NREPHPMCP exhibits good harmacokinetic needs of the dru gThle trl?e misgibiﬁt of
miscibility at this composition, it was selected for formulation P g y

e reverse enteric and enteric polymers without complexation
Egr?{paBrZ? t(l):lF% ?snede I'::ilglursehfxv;d Frf(t)arggrt]lg ri]nilr?g rzecl)%asmeg z?provides a new set of blends that can be optimized to attain a
HPMCP, showed faster release than F11, containing 300 mgvarlety of release patterns from film coating.
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0.46, respectively(= 46 and 35.1, respectively). Due to better g, 04 1ing Information Available. Structures of polymers

miscibility of NREP-HPMCP at above-mentioned Composi- g gchematic representation of interactions within polymer and

tions, a bur;t release is not observed.as seen !n formulationSy,ej plends. This material is available free of charge via the
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