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Cefuroxime axetil (CA) has exhibited interactions with the polymers hydroxypropyl methylcellulose phthalate,
cellulose acetate trimellitate, and Eudragit E resulting in the generation of unacceptable amounts of impurities
and degradation. Formulations, which mask the bitter taste of CA and release it immediately in the stomach, have
therefore not been possible. In an attempt to overcome the interaction with CA, we report a self-associated cationic
polymer (NREP) containing methyl methacrylate (MMA), 2-hydroxy ethylmethacrylate (HEMA), and 4-vinyl
pyridine (4-VP). The hydrogen bonding between the pyridine nitrogen and the hydroxyl groups of HEMA results
in strong intrachain associations, prevents interactions between NREP and CA, and inhibits degradation of CA.
This has been validated by differential scanning calorimetry, Fourier transform infrared spectroscopy, NMR, and
high-performance liquid chromatography analysis. These self-associations restrict polymer chain motions, enhance
biocompatibility, and lead to a high&g, which ensures that NREP does not become tacky in processes involving
heat. The judicious choice of the hydrophobic and hydrophilic monomers renders the polymer hydrophobic enough
as to mask the bitter taste of CA at near neutral pH. Incorporation of the basic monomer 4-VP ensures rapid
dissolution of the polymer and release of CA at the acidic pH prevalent in the stomach. The work indicates an
approach to design pH-sensitive polymers for dosage forms that meet the pharmacokinetic requirements of the
drug.

Introduction develop oral suspensions based on CA. Cellulose acetate
trimellitate (CAT), hydroxypropyl methylcellulose phthalate
Excipients form an integral part of all pharmaceutical dosage (HPMCP), Eudragit E (EE), and Eudragit L (EL) have been
forms. Drugs exhibit poor solubility and stability, and the role evaluated as possible excipients to encapsulate theld&tag.
of excipients is to provide physical and chemical stability and Lorenzo-Lamosa et &k reported that the CAEE microspheres
retain bioavailability. A major consideration in the choice of exhibited the desired release profile, but the drug was degraded
biomaterials for drug delivery is dragpolymer interaction, drug in the presence of the polymer. Also in the presence of CAT,
transformation, and its degradatibrt times excipients also  the degradation of CA led to unacceptably high proportions of
promote the degradation of drugs. Functional groups or residuesimpurities!?
in excipients are prone to interaction with certain drugs. These Donn et al* studied the bioavailability of CA from tablets
interactions often modify the physicochemical characteristics and suspensions based on wax-coated CA granules and con-
of the drug? The interactions are either reversible or irreversible cluded that the tablets and suspensions were not bioequivalent.
in nature and alter in most cases dissolution, bioavailability, The lower bioavailability of CA from suspension than that from
safety, and efficacy and in extreme cases even the stability ofthe tablet was attributed to the wax coating on the CA granules.
the drug®> Acetyl salicylic acid is degraded by magnesium The wax coating causes relatively delayed release of CA as the
stearate forming salicylic acid, salilsalicylic acid, and acetyl release takes place only on forming the stearate salt in alkaline
salilsalicylic acid®” pH due to the interaction between sodium ions and stearic&cid.
A wide range of excipients has been used for temporal and Dantzig et al> showed that CA is hydrolyzed to cefuroxime in
spatial release of drugs by the oral route. In addition, to releasethe intestinal lumen by the enzyme esterases. This conversion
the drugs at the desired site, excipients are used to help deliverof CA to cefuroxime in the intestine results in reduced absorp-
drugs to patients in forms that facilitate administration. Pediatric tion and low bioavailability in human®¥.Similar findings were
and geriatric patients often experience difficulty in swallowing reported by Campbell et &.and Ruiz-Balaguer et al. These
tablets and capsules. Drugs are therefore administered to suchieports imply that excipients such as wax coatings and enteric
patients as solutions, suspensions, and emulsions. This ofterpolymers that release the drug in the intestine are not ideal
leads to the perception of bittern&8snd patient noncompli-  carriers for this drug. CA has a low oral bioavailability of-37
ance?!%The choice of the taste-masking technique to overcome 52%81°and hence any further reduction in the bioavailability
this problem is governed by the physicochemical and pharma- due to inappropriate choice of excipient should be avoided.
cokinetic parameters of the drug and the type of dosage form. The physiochemical properties of CA constrain the options
Cefuroxime axetil (CA) is a second-generation cephalosporin of excipients for formulation. CA has a limited absorption
antibiotic administered orally and is known to have an extremely window restricted to the upper gastric region. In addition CA
bitter tastel! Extensive efforts have been made in the past to has atendency to gel in the presence of moisture at physiological
temperatures (37C) leading to poor dissolution and reduced
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Table 1. NREP Characteristics
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Table 2. Composition of CA Microspheres

composition (%)

feed by NMR Mwa PI®  T,(°C)
MMA 60 62
HEMA 25 27 58550 1.6 121.2
VP 15 11

a Molecular weight. © Polydispersity index.

hydrophobic polymer coating, releasing it in the gastric region

CA/NREP loading efficiency CA loading
formulation? ratio (%) (%)
F1 1:5 90.0 15.0
F2 1:3 89.2 22.3
F3 1:2 89.4 29.8
F4 11 88.4 44.2

a Formulations containing 900 mg of CA.

Fabrication of the Polymer film. Films of thicknesses of 0.66

without inactivation. Further, the polymer should be capable ¢ o7 mm were cast by spreading 12% wiv polymer solution in
of taste-masking CA. Development of such a polymer has not ¢pjoroform on a Teflon surface with an area of 19.64 ¢8upporting

been reported to our knowledge.
To overcome the above limitations in the formulation of CA,

Information).
pH-Dependent Dissolution/Swelling Polymer films (10 mmx 15

we report the design, synthesis, and physicochemical charac-mm) were exposed to 15 mL of water and buffers of pH 1.2, 4.5, and
teristics of the cationic terpolymer (NREP). We investigated 5.8. At pH 1.2 the polymer films were observed for the dissolution
the interaction between CA and the basic monomers 4-vinylpy- over 10, 15, 30, 45, and 60 min. The films were exposed to water, pH

ridine (4-VP) and dimethylaminoethyl methacrylate (DMAE-
MA) by HPLC and selected 4-VP, as CA was stable in its

presence. To enhance the stability of CA further, proton donating

4.5 and 5.8, for 7 days, and their equilibrium swelling was calculated
(for details, see the Supporting Information).
In Vitro and In Vivo Biological Reactivity Test. The biological

and acceptlng groups were |ncorporated |n NREP to ensure thereaC“Vlty of NREP was evaluated as per standard tests described in

self-association within the polymer. We used methyl methacryl-
ate (MMA) and 2-hydroxyethyl methacrylate (HEMA) as
hydrophobic and hydrophilic monomers, respectively, along with
4-VP,

The rapid dissolution at pH 1.2 and hydrophobicity of NREP
were optimized by the judicious choice of the monomers and
the composition. Before undertaking the formulation optimiza-
tion, a detailed investigation of physicochemical interactions
between NREP and CA was undertaken using differential
scanning calorimetry (DSC), Fourier transform infrared (FTIR)
spectroscopy, NMR, and high-performance liquid chromatog-
raphy (HPLC). The results indicate that CA is stable in the

the United States Pharmacopéig) SP) (for details, see the Supporting
Information).

Physicochemical Characterization of Interactions between CA
and NREP. The physical mixture of CA with NREP (1:1 w/w) was
prepared by mixing the two thoroughly in a mortar and pestle. The
CA—NREP blend (1:1 w/w) was prepared by adding CA to a 5% w/v
NREP- solution in dichloromethane/methanol (1:2). The blend was
collected after evaporation of the solvent and used for further
investigations. The physicochemical characterization of the physical
mixture and blend was carried out by DSC, X-ray diffraction (XRD),
FTIR, NMR, and HPLC analysis. For instrumentation details, see the
Supporting Information.

Encapsulation of CA by NREP.The NREP solution was prepared

presence of NREP. The encapsulation of CA in NREP releasesin a mixture of methanol/dichloromethane (2:1). CA was added to the
CA immediately at gastric pH and masks its bitter taste at the NREP solution under magnetic stirring, and this mixture was dispersed

pH of saliva. Results of in vitro and in vivo biological reactivity
tests indicate that the polymer is nontoXic.

Experimental Section

Materials. Methyl methacrylate (MMA), 2-hydroxy ethyl meth-
acrylate (HEMA), 4-vinylpyridine (4-VP), and dimethylamino ethyl-
methacrylate (DMAEMA) were purchased from Sigma-Aldrich. Tet-

slowly in light liquid paraffin containing 0.25% Span 85 using a
mechanical stirrer. The stirring was continued fer43h at 500 rpm.
The microspheres were separated by filtration and washed with
petroleum ether to remove the paraffin oil. The microspheres so formed
were dried under vacuum for 24 h at room temperature. The composi-
tion of the microspheres is shown in Table 2.

Determination of CA Content. CA microspheres (50 mg) were
dissolved in 2 mL of methanol and sonicated for 5 min. The volume
was made to 50 mL using 0.07 N HCI. The solution was filtered and

rahydrofuran for chromatography was purchased from Merck. Azobisiso- diluted further for the analysis. CA content was determined at 278 nm

butyronitrile (AIBN) was obtained from local suppliers. Cefuroxime
axetil (CA) and its reference standard were gifts of Lupin Laboratories
Ltd. Deuterated chloroform (CDg)l and acetonel for NMR were

using a Shimadzu UV160 IPC UWis spectrophotometer. Each sample
was analyzed in triplicate.
CA Release from Microspheres.Microspheres containing ce-

purchased from Sigma-Aldrich. Ammonium dihydrogen phosphate and furoxime equivalent to 125 mg were placed in a basket containing 900

acetanilide (HPLC grade) were purchased from Fluka. All other

mL of 0.07 N HCI. The dissolution was carried out in an Electrolab

chemicals were analytical grade, and solvents were purchased fromuSP type Il apparatus at 75 rpm at 370.5 °C. The samples were

Qualigens.

Synthesis of the pH-Sensitive PolymeiThe pH-sensitive polymers
were synthesized as disclosed by us eatfiét The trace impurity of
ehtylene glycol dimethacrylate (EGDMA) was removed from HEMA
before polymerization to yield the soluble polymer. Freshly distilled
monomers MMA and 4-VP were used for polymerization. Typically

collected after 30, 60, 90, 120, 180, and 240 min. The amount of CA
released was estimated at 278 nm using the Shimadzu UV spectro
photometer. The dissolution tests were done in triplicate.

Gustatory Test/Taste Evaluation.The microspheres equivalent to
four doses of cefuroxime (125 mg 4) were suspended in syrup (85%
w/w sucrose) of pH 4.4 adjusted by addition of sodium citrate and

for the synthesis of polymer P9, referred to as NREP (Table 1), 18.72 citric acid buffer. The taste evaluation of the reconstituted suspension

g of MMA (0.186 mol), 11.58 g of HEMA (0.088 mol), and 5.07 g of
4-VP (0.048 mol) were added to 80 mL of dimethyl formamide in a
250 mL round-bottom flask. Solution polymerization of the monomer
mixture was carried out using AIBN as an initiator at 85 for 18 h.

was performed for 7 days. Each day few drops of the reconstituted
suspension were placed on tongue of four volunteers fer200s and

then spat out. The bitterness level was recorded. The volunteers were
asked to grade the sample each day on a numerical scaledoivith

The polymer solution was concentrated on a rotary evaporator. The the score “0” for sweet taste, “1” for acceptable, “2” for acceptable

polymer was dissolved in a (1:1) dichloromethane/methanol mixture

and precipitated in water to remove unreacted monomers. Polymers

were dried at 27C under vacuum for 72 h.

but slightly bitter, “3” for bitter, and “4” for very bitter taste.
Scanning Electron Microscopy.Quanta SEM Series, FEI Company,
environmental mode was used to record morphological chaeﬂ:g%/
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occurring in situ in microspheres on exposure to the dissolution medium 5 12
of 0.07 N HCI. The microspheres were introduced into the Quanta 4 i
specimen chamber, and 0.07 N HCI was introduced until the micro-
spheres were immersed completely. Changes occurring in individual j\ :
microspheres were recorded by introduction of drops of 0.07 N HCI : a
onto the microsphere for a span of 10 min. The acid medium was “ \\
removed from the sample holder by applying vacuum. \ b-
The integrity of the NREP coat on microspheres at pH 4.5 and 5.8 , y
was also examined. The samples were prepared by immersing the R Mo c
microspheres in buffer pH 4.5 and 5.8 for a period of 7 days. The wet 2.5 50 Minutes 7.5 10.0
samples were filtered and mounted immediately in the sample holder Figure 1. Chromatograms of (a) CA, (b) CA—4VP mixture, and (c)
and examined for surface modifications of the microspheres. internal standard 4-VP: (1) isomer B; (2) isomer A; (3) cefuroxime

not generated; (4) internal standard acetanilide; (5) 4-VP.

Results and Discussion o
than that of DMAEMA (K, 8.4)2% The ionization of poly-

The aim of the study was to design a cationic polymer that (viny! pyridine) is almost zero at pH #.® Strong association
does not deactivate CA due to drugolymer interactions,  between the pyridine nitrogen and the hydroxyls in a blend of
releases it rapidly in the stomach, and has taste-masking ability.homopolymers poly(vinyl pyridine) and poly(HEMA) is re-
The following sections describe how the cationic terpolymer Ported by Cesteros et#We chose to incorporate HEMA along
NREP meets the requirements of an ideal reverse entericWith 4-VP in the terpolymer so that the intrachain self-
polymer along with biocompatibility and without adverse @association would suppress the interaction of the pyridine
interactions with CA. Reverse enteric polymers are soluble in Nitrogen with CA. These assumptions were validated by detailed
gastric pH (acidic) and insoluble at neutral and near neutral pH. investigation of physicochemical interactions between CA and

Screening Criteria for Polymers. The reverse enteric ~NREP. To impart the hydrophobic character we incorporated
polymer for taste-masking of granules for an oral suspension MMA as the hydrophobic monomer. Since HEMA increased
should exhibit immediate drug release at the gastric pH. Yet the hydrophilicity of the polymer, the composition had to be
the drug release should be negligible at the pH of salv&a.8). optlml_zed to achieve the desired pH-dependent dissolution
The leaching of the drug from polymer-coated granules should behavior.
be low in aqueous media (liquid oral formulations for pediatric ~ The monomer structure, charge density, molecular weight,
patients) to avoid the perception of bitterness. and nature of the amine group affect the cytotoxicity, and all

The drug release from the polymer depends upon the relative©f these factors were considered in the design of NREP. One
rates of sorption and diffusion of the penetrant and the diffusion ©f the criteria for the selection of the basic monomer was the
of the drug. In the case of the drug encapsulated in a cationicinfluence of the structure of the monomers on the cytotoxicity.
polymer, two conditions have to be met: (1) The aqueous 4-VP was chosen as the basic monomer since it is a tertiary
reconstitution medium should not penetrate the polymer so thatamine and it has been reported in the past that the toxicity of
the release of the drug is inhibited. A hydrophobic/glassy tertiary amines is lower as compared to those of the primary
polymer will ensure this. (2) At the gastric pH, the medium and secondary aminé%.32
should penetrate the polymer and cause rapid dissolution of the The low K, of 4-VP is also responsible for the lower
polymer without appreciable swelling. This will ensure that the Cytotoxicity as it suppresses ionization at physiological pH. The
drug does not undergo polymorphic transformation/gelation, ionization of the polymer is related to th&pvalue of the
which inhibits its release resulting in lower bioavailability. This functional monomer, which in turn influences charge density
rapid dissolution without appreciable swelling of the polymer on the polymer. Hence NREP would also exhibit lower toxicity.
is crucial for CA formulations. The charge density on the polymer is considered a key parameter

Sorption of liquids into glassy polymers results in either bulk that enhances interactions with the cell membrane, thus causing
scale changes or case Il transport. In the former case quasicell damage. Polymers with a higher charge density are more
equilibrium swelling is followed by a slow approach to final ~ cytotoxic3334The NMR analysis revealed that the incorporation
true equilibrium. Polymers, which undergo bulk scale changes, of 4-VP is 11%, which is low, contributing to a low charge
will obviously not be suitable for drugs such as CA that tend density.
to gel in the presence of moisture. If the sorption of the penetrant  Apart from charge density, the polymer chain flexibility
medium follows case Il transport and the swollen layer affects the binding with cell membranes. The FTIR study
undergoes rapid dissolution, then the drug immobilized in the revealed that pyridine nitrogen and hydroxyls from HEMA in
glassy polymer region will be protected, while that in the swollen NREP are associated. This is also reflected in the highef
layer will be released as a result of dissolution. NREP over the weight average value. The polymer chain

Apart from pH-dependent behavior, the polymer should not mobility in NREP is restricted by self-association. Hence NREP
become tacky during processes involving heat such as dryingwas expected to elicit a lower biological response, if any. The
and heat-sealing; hence a higlis also desirable. All of the  in vitro and in vivo biocompatibility studies support these
above parameters influenced the selection criteria for monomersassumptions.
in the terpolymer. The copolymer composition was optimized  Evaluation of Interaction between CA and the Basic
to achieve this end result. Monomer. The stability of CA in the presence of 4-VP was

Monomer Choice for the Reverse Enteric Polymer. investigated prior to the synthesis of the terpolymer. CA and
Polymers containing cationic groups are soluble in an acidic 4-VP were taken in 1:1 w/w ratio in methanol. This solution
medium. The basic monomer DMAEMA was found to interact was analyzed by HPLC after-8.0 min. The peak for 4-VP
with CA causing its inactivation as seen from the HPLC analysis appeared at 4.9 min, and the peaks corresponding to diastere-
(Figure S4, Supporting Information). We chose 4-VP as the omers A and B of CA were also seen (Figure 1). The cefuroxime
cationic monomer, which has a loweKyp viz. 5.45-5.652425 content was 0.34%, which was the same as that observ&cb'kl)
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Table 3. Polymer Compositions and Their pH Responses

dissolution time (min)

MMA/HEMA/4-VP

polymer % wiw (by NMR) pH 1.2 pH 4.5 pH 5.8
P1 83:0:17 up to 602 soluble, day 2¢ soluble, day 4¢
P2 61:21:18 up to 30° soluble, day 4¢ soluble, day 4¢
P3 69:20:11 up to 452 insoluble, low swelling? insoluble, low swelling?
P4 68:23:9 up to 452 insoluble, low swelling? insoluble, low swelling?
P5 52:37:11 up to 15° soluble, day 4¢ soluble, day 4¢
P6 56:32:12 up to 15° soluble, day 4¢ soluble, day 4¢
pP7 61:30:9 up to 15° insoluble, high swelling® insoluble, high swelling®
P8 65:24:11 up to 15—30° insoluble, low swelling? insoluble, low swelling?
P9 62:27:11 up to 15—30° insoluble, low swelling? insoluble, low swelling?

2 Slow dissolution. » Acceptable behavior. ¢ Solubility/swelling not desired.

8 1 MMA and 4-VP containing 95% w/w of MMA in the feed was
7 4 = synthesized. At pH 1.2, the copolymer did not solubilize even
6 - after 4-5 h because of the high MMA content. The resulting
o5 o polymer was glassy and hydrophobic, and the penetration of
£, a the buffer medium in the polymer film was very slow. To
g i enhance the rate of penetration of the buffer and also the rate
- 2 ) of dissolution, a copolymer (P1) containing 83% MMA and 17%
2 o aiRe g ] 4-VP was synthesized.
1y s o é On exposure to a buffer at pH 1.2, the copolymer film (P1)
0 & T T T 1 became translucent with gradual dissolution. Under acidic
0 50 O e e 200 conditions this copolymer swelled in the buffer more rapidly
mP7 OP3 AP4 OP8 ®P9 because of higher 4-VP content. The swelling of the film led
Figure 2. Swelling behavior of polymer films exposed to a buffer at to the formation of a glassy core and a swollen outer shell. As
pH 4.5. time proceeded the glassy core receded inward, while the
8 - swollen shell dissolved. Thus the overall thickness of the film
decreased with time leading eventually to the complete dis-
i i solution of the film after 60 min. On exposure to a buffer at pH
6 o 4.5, the film dissolved after 24 h, and at pH 5.8 it showed water
2 5 uptake followed by dissolution after 3 days. The increase in
E 4 P 4-VP content enhanced the rate of dissolution of the polymer
- o film at pH 1.2 but also led to the dissolution of the polymer at
e ] pH 5.8. Such a polymer would be of little use as a reverse enteric
i . o 8 & X polymer for oral suspension. Another concern in increasing the
11 e & @ X content of the basic monomer 4-VP was the possibility of
0 Q—X A ' ’ , interaction with CA. There was a need to enhance the rate of
0 50 1ime [hr}ma 150 200 polymer dissolution at acidic pH without increasing the content
« P7 XP3 4P4 OP8 ©P9 of the basic monomer.
Figure 3. Swelling behavior of polymer films exposed to a buffer at To enhance the rate of penetration of the buffer at pH 1.2
pH 5.8. without enhancing the rate of dissolution/swelling at pH 5.8,

. ... incorporation of the neutral hydrophilic monomer HEMA was
the working standard of CA (see HPLC method validation in considered. The association of the hydroxyl groups of HEMA

the Supporting Information). Th&-2 isomer was not seen. The - e - X .
resolution between the two diastereomers was 1.67, and the ratioWlth the pyridine nitrogen is reported. Introduction of HEMA

rA/(rA + rB) was 0.52. The total impurities generated are below would_se_rve to _(a)_ enhance the dissol_ut_ion _anq (0) prqvide s_elf-
3%. This indicates that CA is stable in presence of the 4-VP associations within the polymer avoiding its interaction with
monomer. These results imply that CA would be stable in the CA- A series of terpolymers P29 were synthesized and

presence of NREP where the nitrogen of 4-VP is bound with evaluated to ensure rapid dissolution at acidic pH and minimal
hydroxyls of HEMA. swelling at pH 4.5 and above.

Polymer Composition Optimization. Various polymer The terpolymer P2 containing 61%, 21%, and 18% w/w of
compositions were synthesized and screened for swelling andMMA, HEMA, and 4-VP, respectively, was synthesized. In
dissolution behavior by exposing the polymer films to buffers composition P2, the content of MMA was lowered, and that of
of pH 1.2, 4.5, and 5.8. The monomer composition in the 4-VP was unaltered as compared to that of P1. The incorporation
polymer was optimized (see compositions-P9 in Table 3) of HEMA resulted in rapid and complete dissolution of P2 at
based on the observed response at different pH values. CA wagpH 1.2 in 30 min as compared to 60 min for P1. However the
found to be stable in presence of 4-VP; hence all polymers were presence of the hydrophilic component HEMA resulted in
synthesized using 4-VP as the basic monomer. The responselissolution of the polymer at pH 4.5 and 5.8 after2days
of these polymers at buffer pH values of 4.5 and 5.8 is shown (Table 3). To impart hydrophobic character to the polymer,
in Figures 2 and 3, respectively. The dissolution rate of the compositions P3 and P4 were synthesized in which the content
polymer films at pH 1.2 is shown in Table 3. A copolymer of of MMA was increased (69% and 68% w/w) and the cont&BtV
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71 in pH, reducing the hydration and swelling of the polyréer.
6 - . At pH 4 the degree of protonation of polyvinyl pyridine is zero
and limits its solubility?”22NREP composition is so optimized
o> 51 that at pH 4.5 4-VP is not protonated and MMA contributes to
£ 41 . the hydrophobicity as evident from the very low uptake of water.
% 3 The swelling of NREP at pH 5.8 was slightly greater than that
= ~ observed at pH 4.5. Unlike the complete deprotonation of 4-VP
2 s A A at pH 4, significant but incomplete deprotonation of poly(4-
1 s 8 s . VP) occurs at pH 4.87:2836Hence the swelling at pH 5.8 was
o e . . o . : slightly higher than that observed at pH 4.5. The swelling of
o 50 100 150 200 NREP in distilled water was negligible (Figures S5 and S6 in
Time (hr) the Supporting Information). The dissolution characteristics of
OpH4.5 ¢pH 5.8 Adistilled water NREP make it ideal for the gastric delivery of drugs. The gastric
Figure 4. Swelling behavior of NREP films exposed to distilled water, pH is <327 and the dissolution pH of NREP is4. The
pH 4.5, and pH 5.8. hydrophobic nature of NREP, rapid dissolution at gastric pH,

and insolubility at near neutral pH make NREP an ideal polymer
of 4-VP (11% and 9% wi/w) was lowered maintaining the for the formulation of taste-masked products, especially liquid
HEMA content at 21% as in P2. oral preparations such as dry syrup.
Both polymers P3 and P4 containing a higher percentage of Physicochemical and Biological Evaluation of NREPThe
MMA showed very low uptake of water as compared to polymer ,qjqx i weight of NREP determined by gel permeation

P2 at pH 4.5 and 5.8, respectively. However, the increase in chromato
. e graphy (GPC) was found to be 58,550 g/mol, and the
the content of MMA with reduction in 4-VP as compared to polydispersity index was 1.6, indicating a narrow molecular

PZ imparted a hydrophobjc cha(acter. This delayed its OIiSSOIu'weight distribution. The monomer composition in the polymer
tion rate, and complete dl_ssolutl_on at pH 1.2_o_ccurred at only was calculated by integration of all protons using NMR
45 min. To enhance th_e_dlssqlutlon rate at ac;dlc PH, cg)mposr spectroscopy. The assignments of the proton signals and the
tions P5 and P6 containing higher HEMA (37% and 32% w/w, absorption bands for different functional groups in NREP

respectively) and lower MMA content (52% and 56% w/w, . .
respectively) than P3 and P4 were synthesized. 22?%25: by NMR and FTIR are discussed in subsequent

As expected, the increase in the content of HEMA in . . . - . S
compositions P5 and P6 resulted in rapid dissolution at acidic " Vitro Biological Reactivity Test. Biocompatibility is a
critical consideration in the design and application of bioma-

pH 1.2 as compared to polymers P3 and P4. With an increase™'". 20 ) e A . )
in HEMA content, these films showed swelling at pH 4.5 and terials3® Evaluation of the in vitro cytotoxicity of a biomaterial

5.8 followed by dissolution on day 3 of exposure (Table 3). To is the first step to establish biocompatibility. The response of
ensure inhibition of drug leaching at pH 4.5 and 5.8, enhanced NREP was compared with the positive control phenol and the
polymer hydrophobicity at this pH was desired. Composition "€gative control ultrahigh molecular weight polyethylene. The
P7 containing 61%, 30%, and 9% w/w of MMA, HEMA, and  &xtracts of dilute phenol gave severe cytotoxic responses as
4-VP, respectively, was synthesized. The polymer dissolved expected. The L929 cells on treatment with phenol were grainy
rapidly (15 min) at pH 1.2. It did not dissolve at pH 4.5 and and lacked normal cytoplasmic space, and large open spaces
5.8 but swelled significantly. Swelling would contribute to Petween the cells indicated cell lysis (data not shown). The
diffusional release of the drug, entrapped in the swollen layer, N€gative control elicited no cytotoxic response. The cells were
and render the reconstituted suspension bitter over a period ofl2r9¢ and confluent and did not show lysis (data not shown).
time. To suppress the swelling at pH 4.5 and 5.8, compositions 1€ tests for NREP were conducted in triplicate to ensure
P8 and P9 containing slightly higher MMA (64% and 62%, @accurate judgment. The response of mouse fibroblast cells to
respectively) and lower HEMA content (24% and 27% wiw) NREP extracts is shown in Figure 5. On morphological
as compared to those of polymer P7 were synthesized. Both Pgexamination of cell cultures treated with 25% and 50% NREP
and P9 showed rapid dissolution at pH 1.2 and minimal swelling €xtract, the cells were confluent and showed discrete intracy-
on exposure to buffer pH 4.5 and 5.8 for period of 7 days, as toplasmic granules with no cell lysis and without any morpho-
seen in Figures 2 and 3. Thus an optimum polymer composition, l0gical changes. The absence of loosely bound or detached cells
which showed minimum swelling at pH 4.5 and above but rapid indicated no reactivity toward the cells. The responses for these

dissolution at pH 1.2 was arrived at. This composition P9 was Were graded as “0” indicating no reactivity. The fibroblast cells
taken up for further investigation and is referred as NREP in after contact with 100% NREP extract at an extraction ratio of

further discussions. 0.1 g/mL showed a few loosely attached round cells. The

pH-Dependent Dissolution of NREPNREP film dissolves intracytoplasmic granules seen were within acceptable limits
completely in the buffer at pH 1.2 in 3815 min but does not @S per the USP. The cultures treated with NREP samples
solubilize at pH 4.5 and 5.8. Figure 4 shows equilibrium showed that t.h.e cells were viable and NREP did not exhibit
swelling at pH 4.5 and 5.8 and in distiled water. The adverse reactivity.
comonomer composition influences the response of NREP to In Vivo Biological Reactivity Test. None of the animals
different buffers. Poly(4-VP) is a weak base, and solution pH injected with the NREP extract in a sodium chloride injection
influences its charg®.28 At low pH, ionization of amino groups  and a cottonseed oil for intravenous and intraperitoneal injection
occurs due to protonation of nitrogen present in the aromatic tests, respectively, showed any abnormalities or loss in body
ring of 4-VP. The presence of 4-VP in NREP facilitates its rapid weight during the observation period. The results showed that
dissolution at pH 1.2. NREP extracts in both media meet the requirements of the

The uptake of water by NREP films at pH 4.5 and 5.8 is systemic injection test for intravenous and intraperitoneal
very low for 2—3 days followed by a slight increase thereafter. applications as per the USPThe in vitro and in vivo biological
The ionization of cationic polymers decreases with an increase reactivity tests show that NREP is nontoxic. CDV
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100-%

Rt ':
Figure 5. In vitro biological reactivity test on L929 mouse fibroblast cells exposed to 100%, 50%, and 25% extracts of NREP showing confluent
cells with discrete intracytoplasmic granules and no cell lysis.
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Figure 6. Molecular structures of CA and NREP.

CA—NREP Compatibility Study. Before encapsulation of
CA with NREP the interactions between the two were inves- 4000 3000 .y 2000 1500 1000 450
tigated to ensure the retention of CA in its biologically active rg,e 7. FTIR spectra of (a) CA and (b) NREP in the range of
form. The NMR and FTIR analyses were undertaken to 4000—450 cm-1.
understand the nature of the interactions at a molecular level.

The HPLC analysis was undertaken to detect the presence ofpositions); 1783f-lactum); 1729 (€O, C;3, C;7 positions of
anti isomersA-2 isomer, cefuroxime, and other impurities. The CA); 1683 and 1535 (amido,Aposition of CA); 1729 and 1595
subsequent sections describe these investigations in detail. (carbamate, € position of CA); 1075-1010, 1156 (&N

FTIR Spectroscopy. The CA-NREP blends were studied stretching, @i, Cy1 positions of CA); 1377 (€N stretching,
by FTIR analysis and evaluated for the following changes that S-lactum ring); 592 (SC, p-lactum ring). These are in
result from interaction: (1) generation of new bands, (2) agreement with those reported in the literatifre®
hydrogen bonding, (3) band broadening and shifts. The struc- The bands corresponding fblactum and carbonyl groups
tures and spectra of NREP and CA are shown in Figures 6 andwere of significant interest for the CANREP interaction study.

7, respectively. The peak assignment for CA is as follows: It has been reported that the conversion of CA to cefuroxime,

IR (KBr, cm™1): 3480-3210 (NH, NH complex N-H A-2 isomer, and anti isomers leads to deactivatiorhe conver-
stretch for primary and secondary amine at; Gnd G sion of CA to cefuroxime occurs by conversion of the 1-806\/

NREP
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etoxyethyl ester at the;gposition to carboxylic acid. The-€0,
C—0—H, and O-H vibrations are highly characteristic of carbox- d
ylic acids. The characteristic bands for the carboxylate func-

tionality are seen in the 1631550 cnt? region. The absence ¢

of these in the CANREP blend implies the absence of inter-
action between the two and was confirmed by FTIR analysis.

The peak assignments for NREP are as follows:

IR (KBr, cm™1): 3541 (OH, free OH groups); 1726 €0, a
ester); 28442990 (methyl C-H asymmetric/symmetric stretch);
1448-1482 (methyl C-H asymmetric/symmetric bend); 1190
1270 (C-O stretch); 15581601, 990 (characteristic of a
pyridine ring). 4000 3000 2000 1500 1000 450.0

NREP is a terpolymer comprising MMA, HEMA, and 4-VP Figure 8. FTIR spectra of (a) CAYI:T)‘!q:“ls‘li);lcrlrl:i.:ture of CA-NREP
and contains both proton accepting and donating groups. The(c)gCAiNREP blgnd’ and (@) NFéEP.p Y '
carbonyl groups from MMA and HEMA act as proton acceptors
and are capable of interacting with the proton donating groups.
The nitrogen from the pyridine ring also acts as a proton
acceptor and is capable of forming hydrogen bonds. The
hydroxyl group of HEMA is a proton donating group. It is
expected that such a polymer should exhibit self-association by

hydrogen bonding between hydroxydarbonyl or hydroxyt

hydroxyl and hydroxytpyridine nitrogen groups. The band at

3285 cnt! in NREP corresponds to a hydrogen-bonded hy-

droxyl of HEMA comonomer. This band shows a shoulder at L l . CA

3541 cm! corresponding to a free hydroxyl group. The
maximum at 3285 cmt corresponds to intramolecularly as-
sociated hydroxyl groups in NREP.

The band corresponding to a carbonyl from MMA and
HEMA in NREP is seen at 1726 cth In addition a shoulder Peaks retained for protons
is seen at a lower wave number (1636 7¢n This indicates at C, 5 position
the contribution of a carbonyl group of NREP to intramolecular
hydrogen bonding. The self-association due to hydrogen bonding
between carbonyl and hydroxyls in poly(HEMA) is reporéd.
The most intense bands corresponding to pyridine rings are A CA-NREP
located at 1557, 1597, and 993 cthi®42NREP shows bands
corresponding to pyridine at 1601, 1558, and 990 tnThe
spectrum of NREP shows a shift in the position of the pyridine
band at 15971601 cn1?, indicating hydrogen bonding between
the pyridine nitrogen and the hydroxyls from HEMA, contribut-
ing to self-association in the polymer. Similar shifts for
hydrogen-bonded pyridine have been repoffgdUnless self-
association between the pyridine nitrogen and the hydroxyl is
overcome NREP would not interact with acidic drugs. This self- __x Mo WM NREP
association would prove helpful in enhancing its compatibility e 8o 70 60 50 40 30 20 10 & ppm
with acidic drugs without their conversion in a salt form. These rigyre 9. NMR spectra for NREP, CA—NREP blend, and CA. CA is
assumptions were substantiated by our detailed analysis of thenot converted to cefuroxime.
CA—NREP blend spectrum.

FTIR Spectra of CA—NREP Blends.The FTIR spectra for . )
the physical mixture and a 50:50 w/w blend of CA and NREP oxime has not taker! place in presence of NREP. The bands char-
are shown in Figure 8. The IR spectrum for a physical mixture acteristic of the pyridine group are seen. No new band appears
of CA and NREP is additive in nature and exhibits absorption between 1618 and 1637 ciand also bands at 1601 and 1558
frequencies corresponding to CA and NREP at the respectiveCM * are present, indicating that the pyridine ring nitrogen is
wave numbers. The spectrum does not show any additional newot converted to pyridinium units. This confirms that in the-€A
bands, band broadening, or alteration in frequency, indicating NREP blend pyridine nitrogen is not involved in hydrogen
that there is no interaction in the solid state between the two. bonding. Our results for non-hydrogen-bonded pyridine are

The FTIR spectrum of the CANREP blend is similar to similar to those reported in the pdst*> The FTIR study shows
that of the CA-NREP physical mixture. The bands correspond- that there is no charge transfer between CA and NREP and CA

% Reflectance

CDCly

ing to the carbony! functionality in the ester groups{@nd is physically entrapped in the blend. The absence of bands for
Cy- positions in the CA structure, Figure 6) are intact, as seen carboxylate salt and hydrogen-bonded pyridine confirm this.
at 1729 cm. The band fop3-lactum is retained at 1783 crh IH NMR Spectroscopy.TheH NMR spectrum of the blend

No new peak corresponding to the carboxylate salt is seen inwas evaluated for the signals corresponding to protons associated
the 16106-1550 cnT? region. The spectrum does not show band with the 1-acetoxyethyl group attached to cefuroxime. The
broadening or shifts characteristic of hydrogen bonding. This spectra for CA, NREP, and the GANREP blend are shown in
leads us to the conclusion that the conversion of CA to cefur- Figure 9. CDV
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IH NMR of CA. The signals for the CA spectrum are 1
assigned as follows: (CDglppm): 1.56 (d, 3H) for CH; at 4 ﬂ
the Gy position; 2.146 (d, 3H) for the CH—CO—0O group at
the Gg position; 3.45-3.63 6 (dd, 2H) for protons at the £
position of theg-lactum; 4.046 (s, 3H) for the N-O—CHjs
attached at the £ position; 4.74.9 6 (m, 2H) proton at the

Cy position; 5.02-5.04 6 (m, 1H) proton at the gposition; a
5.04-5.076 (m, 1H) proton at the €position; 5.93 (m, 1H) b
proton at the @ position; 6.44-6.456 (m, 1H) protons in the c
furan ring; 6.8-6.856 (m, 1H) protons in the furan ring; 6:9 — d
7.16 (m, 1H) proton at the & position; 7.477.486 (d, 1H) 25 50 Minutes 7.5 10.0

protons i_n the furan ring; _7'_57'526 (d, 1H) proton of the N-H Figure 10. Chromatograms of (a) CA working standard, (b) physical

group; S|gn.al at 2.0 indicates acetone. Yoon et®lreported mixture of CA—NREP, (c) CA—NREP blend, (d) CA—NREP blend

similar assignments for thH NMR of CA. on aging: (1) isomer B; (2) isomer A; (3) cefuroxime; (4) internal
IH NMR of NREP. The signals for NREP spectrum are standard acetanilide.

assigned as follows: (CDglppm): 8.436 (2H) protons

adjacent to the nitrogen of 4-VP in the aromatic ring; 74803 121.2°C
(2H) adjacent to the nitrogen of 4-VP in the aromatic ring; 4.11 _ Nd
0 (2H) protons for the CH group in HEMA; 3.845 (2H) > 69.45°C c
protons for the Chlgroup in HEMA; 3.616 (3H) protons for E wb
OCHg; 2.96 6 (1H) of the CH methine group; 2.0 (OH) 2 69.15°C
protons of GHs—OH; 1.5-2.0 6 (2H) protons for the CH g a
backbone in the polymer chain; 6-8.2 6 (3H) of the CH T
group; signal at 2.19 indicates acetone solvent.

IH NMR of the CA—NREP Blend. The 'H NMR for the 7143°C
CA—NREP blend (Figure 9) is additive in nature and shows 35 85 135
the presence of signals corresponding to the protons of neat Temperature °C

CA and NREP, respectively, indicating the absence of interac- rigre 11. Thermograms of (a) CA, (b) physical mixture of CA—
tion between the two (Figure S7 and Tables S1 and S2 for NREP, (c) CA-NREP blend, and (d) NREP.
chemical shifts in the Supporting Information).

The signals corresponding to protons at the Cig, and Gg and EE were cefuroximeA-2 isomer, andg-sulfoxide as
positions of the 1-acetoxyethyl group in CA appear in the<CA  described by Cuna et &.and Lorenzo-Lamosa et &.
NREP blend at the same positions as seen in the spectrum of HPLC Analysis of the CA—NREP Blend. The chromato-
CA. The signal at 2.12 (d, 3H) for the CH—CO—0 group at gram for a CA-NREP physical mixture shows a resolution of
Cug position of CA is retained. The signal at 105d, 3H) for 1.63 and a ratio of A/(rA + rB) is 0.54. The chromatogram
CHs at the Go position is seen at 1.55 The signals due to the ~ Shows the absence of tha-2 isomer (Figure 10). The
proton at the @ position in CA appear at 6:97.16 (m, 1H). cefuroxime content was 0.34%. The other impurity is 0.044%.
The spectrum confirms the presence of the 1-acetoxyethyl group The total impurities generated are8% and within the accept-
in CA in the presence of NREP indicating that CA has not been able limits as per the USPThe results of the CANREP blend
converted to cefuroxime in the presence of NREP (Figures Were identical to those for the physical mixture. CA is stable
S7b-d in the Supporting Information). The protons in the furan and does not interact with NREP.
ring of CA appear as three multiplets at the same position in _ 1h€ chromatograms for CANREP show that the area for
CA—NREP blend. The signals at 3:48.63 6 (dd, 2H), for dlastereome_r B is reduced in presence of NREP but within the
acceptable limits as per the USPThis is seen from the change
in the ratiorA/(rA + rB) from 0.52 for neat CA to 0.54 in
presence of NREP. Since the ratio has changed, it was necessary
to evaluate if this ratio further changes on aging. The blends
were therefore analyzed after 6 months. The chromatogram did
not show significant deviation from that obtained for the €A
L NREP blend after its preparation (2 weeks). The chromatogram
proton at the & position appeared at 5.08 (1H + 1H) and showed the absence -2 isomer impurity. It is therefore

4.860 (1H) as seen in the spectrum of CA. evident that CA in the CANREP blends is not converted to
The CA-NREP spectrum shows signals for the protons found A 5 isomer even after aging for 6 months. The content of

in the 1-acetoxyethyl group of CA. ThtH NMR analysis cefuroxime in CA-NREP blend on aging was found to be
showed that CA is not converted to cefuroxime in presence of § 4604 The other impurities generated were less than .15
NREP. The results of NMR and FTIR analyses are in good 10-3 in content. The resolution for the aged sample was 1.64,
agreement and confirm this. and the ratiocrA/(rA + rB) was maintained to 0.55, which is
HPLC Analysis. CA exists as a racemic mixture of Rand S acceptable as per the USPThese results indicate that CA is
isomers, and they are resolved by HPLC. The stability and not degraded in the presence of NREP and the ratio of
kinetics of degradation of CA have been studied by HPLC in diastereomers A and B is acceptable as per the ¥SP.
the past. The common degradation products identified are the DSC Analysis.Thermal analysis of a CANREP blend was
A-2 isomer, cefuroximen- andg-sulfoxides, and anti isomers.  critical to ensure that CA is retained in the same form in
The CA anti isomers are inactive agaiffistactamase4! 4650 presence of NREP. CA exists in three polymorphic fobins.
The main impurities observed in the presence of polymer CAT Woo and Chant and Jo et a?? reported that crystalline C'%DV

protons at the gposition of thes-lactum ring in CA are merged
with the signal for OCHof NREP at 3.6). The signals at 4.06

0 (3H) corresponding to protons of-ND—CHjz and 5.986 for
protons at the gposition are retained in the CANREP blend

at the same position as seen in CA spectrum. The signals for
the proton at the sixth position of thlactum ring and for a
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_Surféée of CA Ioad_ed Mibrésphere Cross section of Microsphere

i

Figure 12. Morphology of CA-loaded microspheres (surface and cross-section of microsphere).

melts at 175-180 °C, and the other two forms melt at 135 that CA is not degraded in the presence of NREP. Hence
137 and 76-80 °C, respectively. encapsulation of CA by NREP was undertaken and evaluated
Thermal Behavior of CA. The scan for CA is shown in  for taste-masking ability and release at gastric pH. The
curve a of Figure 11. The CA sample showed an endotherm atenvironmental scanning electron microscopy (ESEM) analysis
71.4°C. These results are in agreement with those reported bywas used to understand the release mechanism at gastric pH

Woo and Chant} and Woo et aP3 and inhibition of release at salivary pH.

Thermal Behavior of NREP. The Ty for NREP is 121.2C CA Dissolution Studies.The CA loading efficiency in the
(Figure 11, curve d). The monomer composition in random microspheres was good as seen in Table 2. Figure 12 shows
terpolymer NREP was so chosen as to yield a HighThe the morphology of the CA microspheres. The cross-section of
Ty's of homopolymers of MMA (105°C), HEMA (87.5°C), F1 shows CA dispersed in the matrix. The compendial method
and 4-VP (148C) are high''®5* The T, for the terpolymer is  for dissolution of CA immediate release tablets describes the
given by Fried® as Ty = (Tgiw1 + Tgowz + Tgawg), Wherew;, use of 0.07 N HCI as a dissolution medidfnand hence the

w,, andws are weight fractions andy;, T2, and Tyz are the same was chosen to investigate the immediate release of CA.
Tg's of the homopolymers. The experimenitglvalue for NREP Composition F1 showed rapid dissolution of CA in 0.07 N HCI
(121.2°C) is higher than that arrived at from the above equation wherein 78%, 84%, and 87% of CA was released in 30, 60,
(103°C). This enhancement df over the calculated value is  and 120 min. CA release in 30 min was further enhanced from
attributed to the intramolecular hydrogen bonding between the F2, F3, and F4 compositions, where the NREP loading was
hydroxyls from HEMA with the carbonyl of MMA and the lower than that of F1. At the end of 30 and 60 min composition
nitrogen of 4-VP in NREP as demonstrated by FTIR studies. F2 released 80% and 95% of CA, respectively. Compositions
The higherT, obtained for NREP is beneficial in a number F3 and F4 released 86% and 88% of CA after 30 min,
of ways. The highTy of the NREP eliminates the need to store respectively, and 90% after 60 min. NREP shows rapid
it at lower temperatures and also avoids tackiness during dissolution at acidic pH due to protonation of the tertiary
pharmaceutical processes such as drying and heat-seanngnitrogen from the pyridine ring, and hence variation in polymer
involving heat. Increase ifiy as a result of restriction of polymer  loading did not affect the release pattern from these compositions
segment motion due to hydrogen bonding has been reported insignificantly. Further, NREP is insoluble at the pH of saliva;
the pasB®58 It has been reported that intramolecular cross- hence it can be used effectively to taste-mask CA without
linking imparts rigid behavior to polymers preventing strong Ccompromising its bioavailability.
binding with cell membranes thereby reducing cell dant4§e. Gustatory Test/Taste Evaluation.For safety and regulatory
The increase iy of NREP over the weight average value reasons the minimum loading of synthetic polymers is preferred
suggests the restricted segmental movement of polymer chainsin oral drug delivery. The daily permissible amount for
thus contributing to its restricted interaction with cell membranes polymethacrylates is 2 mg/kg body weidft,and hence
and imparting biocompatibility as seen in an earlier section. compositions F3 and F4 containing lower NREP loading than
Thermal Behavior of CA—NREP Blends. The physical that in F1 and F2 were considered for taste evaluations. CA
mixture of CA and NREP shows a sharp endotherm at 63215 exhibits maximum stability at pH 3-55.546 Hence composi-
corresponding to CA (Figure 11, curve b). Thus characteristics tions F3 and F4 were reconstituted at pH 4.4 in syrup by
of CA are retained in the physical mixture. The €ENREP adjusting the pH with citric acigsodium citrate buffer. NREP
blend prepared by evaporation of the solvent shows the does notswell at pH 4.5 since the degree of protonation of 4-VP
endotherm corresponding to CA at 6945 (Figure 11, curve  is zero at pH~4.2728|t was expected that at pH 4.4 compositions
c). The DSC curve for the physical mixture as well as the blend F3 and F4 would not release CA, imparting a bitter taste to the
of CA—NREP showsTy of the polymer at 108C. The Ty of syrup. The palatability of the reconstituted suspensions was
NREP is lowered by 18C due to its plasticization caused by evaluated on the basis of numerical grading by the volunteers.
presence of smaller CA molecules between adjacent polymerThe mean grading for the reconstituted taste-masked CA
segments. Similar results with decreases in polyien the microspheres is shown in Table 4. Compositions F3 and F4
presence of drug molecules have been reported by Holgado etetained palatability over 7 days. The volunteers graded the
al. 5% Okhamafe and YorR! and Takk&? The blend does not  formulations between 0 and 2 and rated the formulations as
show a change in the physical form of CA. The above results palatable.
confirm the absence of drugolymer interaction in CA and Environmental Scanning Electron Microscopy.Figures 12
NREP. and 13 show the morphology of the microspheres before and
Evaluation of NREP for Taste-Masking. The investigation after suspension in buffer at pH 4.5 and 5.8 for 7 days. The
of physicochemical interaction between CA and NREP showed integrity of the polymer film coat at the pH of saliva and alé?)v
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Table 4. Taste-Masking Test?

day 1 2 3 4 6
F3 0 0 0 0 1
F4 0 0 0 0 1 1 1

a0, sweet; 1, acceptable; 2, acceptable but slightly bitter; 3, bitter; 4,
very bitter.

Figure 13. Morphological changes in NREP microspheres on
exposure to pH 4.5 (1—-2) and 5.8 (3—4).

at reconstitution pH 4.5 is crucial to retain the palatability of
F3 and F4 formulations. The examination of microspheres

recovered from the aqueous medium after 7 days does not show( c)

any drastic changes in the morphology. NREP coating on the

microspheres remains insoluble and intact as seen in Figure 13.

The integrity of the microspheres without any drastic morpho-

logical changes is due to the pH-dependent behavior of NREP

and its insolubility in water (Figures 4 and 13 and Figure S5 in

the Supporting Information). This prevents leaching of CA at

the pH of saliva. The morphological changes occurring in 0.07
N HCI were recorded by immersing the microspheres completely
in the medium. Extensive changes in the surfaces of the
microspheres were observed after immersion in the acid
medium. NREP dissolves in the acid, and removal of the acid
medium by applying a vacuum resulted in formation of a blanket
of polymer film over the microspheres (Figures 14a and 14b).
The removal of the film from the surface of the microspheres
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(b)

Figure 14. (a) Morphological changes in microspheres on immersion

showed that the _s,mooth surfa_ce of the m'crOSphere_s q‘stortedin buffer pH 1.2. (b) NREP dissolution at pH 1.2 causes a blanket of
due to the deposits from the dissolved polymer. An individual polymer on removal of buffer (1—2). Microsphere surface is distorted
microsphere was isolated, drops of 0.07 N HCl were introduced due to deposition of dissolved NREP (3—4). (c) Morphological
onto it, and the morphological changes were monitored by changes in individual microspheres on exposure to pH 1.2: (1) before
simultaneous recording. The microsphere developed small€xposure; (2) after exposure for 2 min and removal of buffer; (3) after

craters on exposure to the acid medium afte2Imin. Figure
14c shows the initiation of pore formation after 5 min. Distinct
pores were formed within 10 min. These morphological changes
confirm that CA is rapidly released from all compositions {F1
F4) in 0.07 N HCI as a result of polymer dissolution.

Conclusions

Drug—polymer interactions play a critical role in dosage
formulation. It has been reported in the past that the interaction
of cefuroxime axetil (CA) with other polymers leads to the
generation of impurities and inactivation. The investigation of
interactions between CA and basic monomers DMAEMA and
4-VP by HPLC revealed that CA was degraded by DMAEMA

exposure for 5 min still immersed in buffer; (4) formation of pores
after removal of buffer in 10 min.

but was stable in presence of 4-VP. A cationic polymer (NREP),
containing the hydrophobic monomer MMA, hydrophilic mono-
mer HEMA, and the basic monomer 4-VP, was synthesized.
The rationale behind the choice of monomers has been discussed
and validated experimentally. The proton donating and accepting
groups within NREP resulted in strong self-associations within
the polymer. This suppressed the interaction between NREP
and CA as revealed by FTIR, NMR, HPLC, and DSC analysis.
The composition of NREP was optimized to exhibit rapid
dissolution at the acidic pH prevalent in the stomach. The
hydrophobicity of the polymer at pH4 suppressed CA release
from encapsulated particles at the pH of saliva. This ma%Bq/
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the bitter taste of CA without causing inactivation and enhanced (25) Functional Monomers; Their Preparation, Polymerization, and
palatability as revealed by the gustatory test. The study shows ﬁpp“iat'ok”l‘g‘;il{"{‘/ IR-2H-’ Nyquist, E. B., Eds.; Marcel Dekker:
that based on the understanding of intramolecular associations ew rork, 1974, VOl 2. _ _ .

. L . (26) Tomme, S.; Steenbergen, M.; Smedt, S.; Nostrum, C.; Hennink, W.
within the polymer and the pharmacokinetics of the drug rapidly Biomaterials2005 26, 2129-2135.
releasing palatable granules of CA could be formulated. Further, (27) Radeva, T.; Milkova, V.; Petkanchin J. Colloid Interface Sci2004

this study highlights an approach to design new excipients to 279 351-356. ‘ ‘
meet increasingly stringent requirements for stabilization and (28) fgfefkomv E.; Elaissari, A.. Colloid Interface Scil99Q 138 187-

delivery of difficult to formulate drug molecules.
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