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Poly (acrylic acid) is considered to be an important mucoadhesive for controlled release applica- 
tions. Yet, the specific mechanisms responsible for its bioadhesive behavior are not well understood. 
Attenuated total reflection infrared spectroscopy ( ATR-FTlR) was developed for investigation of chain 
interpenetration at a poly (acrylic acid) (PAA) and mucin interface. A thin film of acrylic acid, poly- 
merized below the gelation point, was cross-linked directly on an ATR crystal. The cross-linked PAA 
film was contacted with a buffered mucin solution and the ATR-FTIR spectrum was collected in situ 
as a function of time. The experimental results show evidence in support of chain interpenetration at 
the PAA/mucin interface. The experimental results indicate that as PAA and mucin are compatible in 
the 5-7 pH range, an important mechanism of mucoadhesion is the swelling of PAA by mucin and 
adhesion is limited by the extent of chain interpenetration across the biointerface. 
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Introduction 

Bioadhesion describes the interfacial interac- 
tions between polymeric materials and biologi- 
cal substrates [ 1,2 1. These include hard tissue 
applications such as in dentistry for adhesion of 
sealants to tooth surfaces and adhesion of den- 
tures to gum and soft tissue applications such as 
in ophthalmology for the attachment of conjunc- 
tiva to the lid margin and cornea1 limbal region 
and in surgery for wound healing [ 1,3 1. 

One of the most powerful applications of 
bioadhesion is in controlled release systems for 
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targeted drug delivery to specific areas of the 
body [ 41. The latter is known also as mucoadhe- 
sion as the polymer is in contact with the mu- 
cosa. Bioadhesive or mucoadhesive polymers are 
used to immobilize a drug delivery device on a 
specific site for targeted release and optimal drug 
delivery due to intimacy and duration of con- 
tact. Mucoadhesive polymers have been devel- 
oped for buccal, nasal, ocular, vaginal, urinary 
and oral applications [ 4,5 1. In general, the mu- 
coadhesive polymer comes in intimate contact 
with the epithelium layer. The epithelial goblet 
cells secrete mucus. 

The principal component of the mucus re- 
sponsible for its gel-like behavior is the glycopro- 
tein component. The mucin gel dissolves com- 
pletely in water, indicating that the gel is 
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stabilized by non-covalent interactions between 
the component glycoprotein molecules [ 1,6-91. 
The mucous gel is held together by either pri- 
mary (disultide bonds) or secondary bonds 
(electrostatic and hydrophobic interactions). 
The mucous gel can be presented as a highly en- 
tangled system of macromolecular chains with 
physical interactions including electrostatic in- 
teractions and hydrogen bonding. Therefore, 
adhesion at the interface between a bioadhesive 
polymer and mucous can be described by adhe- 
sion at polymer-polymer interfaces. 

Theories explaining bioadhesion include elec- 
trostatic interaction, adsorption theory, wetting 
theory and chain interpenetration across the 
biointerface [ 1,2,10,11]. Wetting and adsorp- 
tion play an important role in the initial phase of 
mucoadhesion. The wetting theory states that the 
adhesion between two polymer surfaces is im- 
proved when the two polymers wet each other. 

Prominent among various mechanisms con- 
tributing to mucoadhesion is the mechanism of 
chain interdiffusion, proposed by Voyutskii [ 12 ] 
for polymer-polymer interfaces, which was ex- 
tended to a gel and mucus interface by Mikos 
[ 10,11,13] andPonche1 [ 14-161. Figure 1 shows 
the stages of adhesion between two polymer sur- 
faces brought together. After intimate contact is 
established segments of the two polymers diffuse 

b 

Fig. 1. Stages of polymer/polymer interdiffusion for poly- 
mers A and B. a, wetting; b, interdiffusion. 

across the interface and the interface heals as a 
function of time. Therefore, according to this 
theory, the extent of adhesion at polymer-poly- 
mer interfaces is determined by the extent of dif- 
fusion and the interfacial thickness between the 
two polymers. 

The major technique for studying bioadhesion 
has been mechanical testing by fracturing the in- 
terface [ 1,17 ] usually using a tensiometer. Thus, 
the fracture theory is used to examine the force 
necessary to separate the two surfaces after the 
bioadhesive bond has been established. Robert 
et al. [ 18 ] have used the tensiometric method to 
measure the bioadhesive strength of different 
polymers. They report that the most promising 
bioadhesive substances are anionic polyelectro- 
lytes, particularly cellulosic and acrylic poly- 
mers. Sodium alginate showed the highest bioad- 
hesive strength, followed by alginic acid and 
poly (acrylic acid) (PAA). On the other side, 
poly (hydroxy ethyl methacrylate) and poly (N- 
vinyl-2-pyrrolidone ) showed no adhesive 
strength. Although tensiometric testing is useful 
for classification of polymers for mucoadhesion, 
it is not a very accurate technique and cannot 
shed light into the mechanisms of adhesion at a 
biointerface. 

Alternatively, Peppas, Duchene and collabo- 
rators [ 14- 161 developed a tensile technique for 
measurement of the bioadhesive strength of tab- 
lets containing PAA in contact with bovine mu- 
cus using a tensile tester. Their results showed 
that the fracture energy increased with increas- 
ing PAA content, as previously shown by Park 
and Robinson [ 2 1. They also observed by elec- 
tron microscopy that, for the PAA/mucus sys- 
tem, rupture occurred in the mucus layer, 
whereas in the case of tablets made of pure 
HPMC, the rupture of the weak adhesive bond 
seemed to occur at the HPMC/mucus interface. 
Lehr et al. [ 19 ] used electron microscopy to vis- 
ually examine the interface between cross-linked 
PAA in contact with mucin. They were unable to 
observe chain interpenetration at the biointer- 
face due to lack of contrast at low irradiation 
doses and damage to the interface at high irra- 
diation. These and related studies of Lehr et al. 
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[ 201 promoted the idea that chain interpenetra- 
tion does not occur in polymer/mucus mu- 
coadhesion. To support their results, they com- 
mented about the work of Forget et al. [ 2 1 ] who 
reported measurement of the adhesive forces of 
various polymers in contact with metallic sur- 
faces. As Forget’s data, in their interpretation, are 
of the same order of magnitude as the mucoad- 
hesive data published by Ponchel et al. [ 141, they 
concluded that chain interpenetration is not a 
mechanism of mucoadhesion as such mecha- 
nism would not occur in a polymer in contact 
with a metallic surface. We believe that Forget’s 
data are not related to bioadhesion and such data 
should not be compared with the data of Ponchel 
et al. [ 141 to disqualify chain interpenetration 
as a mechanism of mucoadhesion. 

To resolve this issue, we concluded that mo- 
lecular studies could provide additional evi- 
dence of chain interpenetration. Here, we pres- 
ent the use of attenuated total reflection infrared 
spectroscopy, henceforth designated as ATR- 
FTIR, for spectroscopic investigation of chain 
interpenetration at a bioadhesive interface con- 
sisting of a synthetic polymer such as PAA and 
mucin. Although a wide variety of spectroscopic 
techniques have been used to study chain inter- 
penetration at polymer-polymer interfaces [ 22- 
271, these techniques have not been used for the 
investigation of adhesion and interfacial inter- 
action at bioadhesive interfaces consisting of a 
synthetic polymer and a biological substrate. 

Experimental Part 

A FTIR spectrometer (Nicolet 800, Madison, 
WI) with an ATR accessory (Connecticut In- 
struments, Boston, MA) was used for the inter- 
diffusion studies in the configuration shown in 
Fig. 2. The ATR crystal was Ge: 5 cm long, 1 cm 
wide and 2 mm thick. The use of ATR-FTIR for 
interdiffusion studies at polymer-polymer inter- 
faces is described in detail in reference [ 26 1. In 
brief, the infrared beam enters the ATR crystal 
from one of the side faces. If the refractive index 
of the crystal is higher than the PAA, and the in- 
cident angle of the beam is higher than a critical 
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Fig. 2. ATR assembly for in situ measurement of polymer/ 
polymer interdiffusion. a, infrared light beam; b, ATR crys- 
tal; c, cross-linked poly(acrylic acid) film; d, sealant to seal 

off the edges of the crystal; e, mucin solution. 

angle, then the infrared beam is totally reflected 
at the crystal/PAA interface, and the beam trav- 
els inside the crystal and exits from the other side 
face. However, due to diffraction at the crystal 
surface, a small fraction of the beam penetrates 
into the PAA layer and is absorbed by PAA. The 
fraction of the beam which is absorbed gives rise 
to absorption bands in the ATR spectrum and is 
used to monitor the concentration of each com- 
ponent within the penetration depth in the poly- 
mer layer. 

A thin layer of acrylic acid was directly poly- 
merized/cross-linked on the ATR crystal by free 
radical polymerization. The AA monomer (Ald- 
rich Chemical Co., Milwaukee, WI) was dis- 
tilled under reduced pressure (5 mmH,) at 30°C 
to remove the inhibitor, hydroquinone mono- 
methyl ether. An initiator, 2,2’-azobis- 
(2methylpropionitrile) ( AIBN), and a cross- 
linking agent, ethylene glycol dimethacrylate 
(EGDMA) (Aldrich Chemical Co., Milwaukee, 
WI), were used without further purification. 

The following procedure was used for the po- 
lymerization. In a reaction flask, 6.85 ml of AA 
(0.1 mol), 0.0942 ml of EGDMA (0.5 mmol) 
and 0.009 g of AIBN (0.2 mmol ) was mixed with 
18 ml of deionized water ( 1 mol). Initiator was 
added at 0.5 mol% AIBN per mol AA. The cross- 
linking ratio used was 0.002 mol EGDMA per 
mol of AA. The mixture was allowed to react for 
3 h at 60’ C in a constant temperature bath until 
the mixture became viscous but before reaching 
the gelation point. The reaction was stopped by 
reducing the temperature to 25°C. Thin films of 



102 

the reaction mixture was cast on the ATR crystal 
with a spin coater (model l-EClOlD-485, Photo- 
Resist Spinners, Garland, TX) at 250 rpm for 2 
min. The ATR crystal was transferred to an oven 
at 70°C for at least 24 h to cross-link the PAA 
film. The thickness of the PS film was measured 
using a profilometer (alpha-step 200, Tencor In- 
struments, Mountain View, CA ). 

The cross-linked PAA film was dried in vacua 
at 25°C for 24 h and contacted with a 1% buffer 
7 mucin solution. The buffer 7 solution was pre- 
pared by mixing 1.9 ml of a O.lN citric acid with 
8.1 ml of a 0.2 N disodium phosphate aqueous 
solution. The mucin (Sigma Chemical Co., St. 
Louis, MO) was extracted from bovine submax- 
illary glands and was used without further puri- 
fication. The sides of the ATR crystal were sealed 
with a sealant to stabilize the mucin solution on 
the crystal. 

To study the effect of pH on the miscibility of 
PAA and mucin solution, buffered solutions with 
different pH values were prepared using a mix- 
ture of 0.1 N citric acid and 0.2 N disodium phos- 
phate solutions in different proportions. The 
turbidity of the solution was checked with a UV- 
VIS spectrophotometer (Model 559, Perkin-El- 
mer, Indianapolis, IN). 

For ATR-FTIR experiments, the spectra were 
recorded using a Globar (mid-IR ) light source 
with potasium bromide (KBr) as the beam split- 
ter and mercury cadmium telluride (MCT) de- 
tector, cooled to liquid nitrogen temperature. The 
end-face and the optics angle of the beam were 
45”. The ATR-FTlR spectrum was collected in 
situ with 16 averaged scans and a resolution of 4 
cm- ‘. 

Results 

ATR-FTIR was used to measure chain inter- 
penetration at a bioadhesive interface consisting 
of cross-linked PAA and mucin. The thickness of 
the cross-linked PAA film spun on an ATR crys- 
tal was measured as a function of distance along 
the crystal length from the center and is reported 
in Fig. 3. The cross-linked PAA film thickness 
was 450 nm. 

Distance from interface (cm) 

Fig 3. Thickness of the cross-linked poly(acrylic acid) film 
spin cast on a germanium crystal at 250 rpm for 2 min. 

The molecular weight between cross-links, MC, 
was calculated using the Peppas and Lucht model 
[ 28 ] developed for swollen polymer networks, 
where the cross-links are introduced in the solid 
state. The equilibrium degree of swelling was 9.3, 
determined from the relative absorbance of water 
for cross-linked PAA in contact with buffer 7 
aqueous solution (see Fig. 10). The x factor of 
0.45 was used for PAA-water system in buffer 7 
aqueous solution [ 29 1. The experimentally de- 
termined ac was 7500 g/mol, whereas the theo- 
retical a,, calculated from the ratio of cross- 
linking agent to monomer, was 7200 g/mol re- 
sulting in 96% conversion. 

As pointed out by Voyutskii [ 12 1, the extent 
of chain interpenetration at a polymer-polymer 
interface depends on compatibility between the 
two polymers. For compatible polymers the in- 
terface thickness was in the order of mi- 
cronswhereas for poorly compatible polymers it 
was in the order of angstroms. The compatibility 
between PAA and mucin is strongly influenced 
by the pH of the solution. A citric acid and so- 
dium phosphate buffer was used to study the 
compatibility of PAA/mucin with pH ranging 
from 2 to 7. Both PAA and mucin are anionic 
polyelectrolytes with pK, of 4.5 and 2.6 [ 301, re- 
spectively. 

Table 1 shows the effect of pH on the miscibil- 
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TABLE I 

Effect of pH on the miscibility of a 2 wt% solution of SO/SO 
poly(acrylic acid)/mucin solution 

PH Miscibility 

2 Immiscible (precipitation) 
3 Incompatible (cloudy) 
4 Incompatible (cloudy) 
5 Compatible (transparent) 
6 Compatible (transparent) 
7 Compatible (transparent) 

1850 1750 1650 1550 1450 1350 

Wavenumber (cm- ‘) 

Fig. 4. The ATR-FTIR spectrum of the cross-linked 
poly(acrylic acid) on germanium crystal. 

ity of a 2 wt% solution of 50/50 w/w PAA/mu- 
tin solution. The mucin precipitated from the 
solution with pH 2 indicating that mucin was 
immiscible with water. Solutions with pH 3 and 
4 formed cloudy solutions indicating that they 
were not compatible with mucin at these pH val- 
ues. Before the addition of PAA, mucin solutions 
with pH 5, 6 and 7 were transparent indicating 
that mucin and water were compatible in these 
pH values. After the addition of PAA, mucin so- 
lutions with pH $6 and 7 were very viscous due 
to ionization of the carboxylic groups of PAA and 
mucin and due to hydrogen bonding. 

Figure 4 shows the ATR-FTIR spectrum for 
cross-linked PAA on the ATR crystal in the fre- 
quency region from 1350 to 1850 cm-‘. The 
band at 1700 cm- ’ and the shoulders at 1740 and 
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Fig. 5. The ATR-FTIR spectra ofdeionized water (Curve I ), 
buffer 7 aqueous solution (Curve 2), and 5% by weight buffer 

7 mucin solution (Curve 3). 

1765 cm- ’ are due to carboxylic C=O stretching 
vibration [ 3 11. The bands with peak locations at 
1450, 1415 and 1370 cm-’ are the C-O-H 
bending vibrations of the PAA [ 3 11. The inten- 
sity of the these peaks decreases as the PAA is 
swollen in an aqueous solution. 

Figure 5 shows the ATR-FTIR spectrum of 
deionized water, aqueous buffer 7, and a 5 wt% 
buffered mucin solution at pH 7. The absor- 
bance scale corresponds to the spectrum of 
deionized water and the other spectra were 
shifted by 0.05 absorbance units for visual clar- 
ity. The three spectra have one band in common 
with peak location at 1640 cm- ‘, which is due to 
in-plane H-O-H bending vibration [ 3 11. 

The ATR spectrum of the mucin solution has 
a band with peak location at 1550 cm- ‘which is 
a dimeric C=O stretching vibration [ 3 11. Its in- 
tensity is a strong function of composition, as 
shown in Fig. 6 for a mucin solution of pH 7 at 
concentrations of 2, 5,7 and 10 wt%. The mucin 
peak at 1550 cm-‘increases with concentration 
of mucin. 

The following bands were used for quantita- 
tive analysis of the PAA/mucin spectrum. The 
band at 1700 cm- ‘with shoulders at 1740 and 
1765 cm- ’ was for PAA carboxylic C=O stretch- 
ing vibration which was proportional to PAA 
concentration. The band at 1550 cm- ’ was for 
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Fig. 6. Composition dependence of the intensity of the mucin 
band with peak location at 1550 cm-‘for 2% (Curve 1 ), 5% 
(Curve 2), 7% (Curve 3), and 10% (Curve 4) by weight 

buffer 7 mucin solution. 
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Fig. 7. Deconvolution of ATR-FTIR spectrum for the cross- 
linked PAA in contact with 1% buffer 7 mucin solution after 
360 s of interdiffusion time. The solid line represents the 
original spectrum, whereas the dashed curves are the decon- 
voluted peaks using 50% Lorentzian and 50% Gaussian 

distribution. 

mucin dimeric carboxylic C=O stretching, which 
was proportional to the mucin concentration. 
The band at 1640 cm- ‘was for water in-plane H- 
O-H bending vibration which was proportional 
to the total concentration of water. 

For quantitative analysis, the PAA/mucin 

,. .I 

I X50 I750 1650 IS.50 1450 I350 

Wavenumber (cm~ ‘) 

Fig. 8. Time evolution of ATR-FTIR spectra for cross-linked 
PAA in contact with 1 % buffer 7 mucin solution. The PAA 
was spin cast from aqueous solution at 250 rpm for 2 min 
with film thickness of 0.4 pm. The spectra I through 7 cor- 
respond to 0.0, 2.0, 4.0, 6.0, 8.0, 10.0 and 12.0 min. 

respectively. 

spectra were deconvoluted to relate the area un- 
der the peaks to the PAA, mucin, and water con- 
centrations. The deconvolution routine is de- 
scribed elsewhere [ 26 1. Figure 7 shows the actual 
and the deconvoluted peaks for cross-linked PAA 
in contact with a 1 wt% mucin solution at pH 7 
after 360 s. The best fit was obtained with peaks 
constructed from a 50% Gaussian and 50% Lor- 
entzian distribution. 

Figure 8 shows the time evolution of the ATR- 
FTIR spectrum for cross-linked PAA film in 
contact with 1 wt% pH 7 aqueous mucin solu- 
tion, for a PAA with film thickness of 450 nm. 
As the water swells the cross-linked PAA film, the 
intensity of the PAA peak at 1700 cm-’ de- 
creases, the intensity of the water peak at 1640 
cm-’ increases, and the mucin peak at 1550 
cm-’ shows a slight increase with time. The 
spectra were deconvoluted and the relative ab- 
sorbance of PAA, water, and mucin were 
calculated. 

Discussion 

The relative intensity of the radiation as a 
function of distance away from the crystal sur- 
face is given by the following equation [ 32,33 1: 
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Ire, =e-=ldp (1) 

Here, I,,, is the initial IR intensity relative to the 
intensity at the interface, z is the distance from 
the crystal/PAA interface in the cross-linked PAA 
layer, and d, is the penetration depth of IR radia- 
tion in the cross-linked PAA layer. According to 
Eqn. 1, the intensity decreases exponentially 
away from the interface. The penetration depth 
of the IR radiation is a function of infrared fre- 
quency, refractive index of the crystal and the 
polymer, and the incident angle of the beam. The 
penetration depth of the infrared radiation for 
water and cross-linked PAA on a germanium 
crystal with incident angle of 45” at 1600 
cm-‘are 200 and 210 nm, respectively, with an 
average value of 205 nm. 

The exponential decrease of IR intensity within 
the penetration depth has to be considered in or- 
der to explain the experimental results shown in 
Fig 8. For an interdiffusion time, t, the concen- 
tration of component i, c,, at distance z from the 
crystal surface was multiplied by its correspond- 
ing relative intensity, IreI, given by Eqn 1, and it 
was integrated over the penetration depth of the 
IR radiation inside the polymer layer. This pro- 
cess was repeated for each interdiffusion time to 
give the cumulative concentration of component 
i inside the penetration depth versus time as 
given by the following equation: 

(2) 

Here, component i stands for cross-linked PAA 
or mucin. Therefore, the experimental results in 
Fig. 8 are the cumulative concentration of com- 
ponent i inside the penetration depth of infrared 
beam. For comparison with experimental re- 
sults, diffusion at the cross-linked PAA/mucin 
interface is modeled using Fick’s law with PAA 
film thickness of 6, and an infinitely thick mucin 
layer, i.e., the mucin film was at least 50-times 
thicker than the PAA layer. The diffusion direc- 

tion is along the z-axis which is perpendicular to 
the PAA/mucin interface with the origin at the 
crystal/PAA interface. The differential equation 
describing the diffusion of component i across the 
interface as a function of distance and time with 
a constant diffusion coefficient, D, is given by the 
following equation: 

(3) 

The initial and boundary conditions for solving 
the above diffusion equation are given by the fol- 
lowing equations: 

c,=o; OSzS6,; t=o (4) 

c,=o; d,<,_lcq t=o (5) 

(6) 

(7) 

The solution to the diffusion Eqn. 3 with the 
above boundary conditions is given by the fol- 
lowing equation [ 341: 

Here, co is the initial concentration of cross- 
linked PAA or mucin. Figure 9 compares the 
model and the experimental results for diffusion 
of water in cross-linked PAA in contact with 
buffer 7 aqueous solution. The solid line in Fig. 
9 is the best fit to the experimental data with dif- 
fusion coefficient of 0.9 x 1 O- lo 1 cm2/s and PAA 
film thickness of 450 nm. The dashed lines above 
and below the solid line in Fig. 9 are for diffusion 
coefficient of 1.0~ 10” and 0.8 x lo-” cm2/s, 
respectively. The diffusion coefficient obtained 
from the experimental data is in good agreement 
with the values reported in the literature for dif- 
fusion of water in glassy polymers. 

Figure 10 compares the time evolution of the 
relative absorbance of water for PAA in contact 
with deionized water, a pH 7 aqueous solution, 
and a 1 wt% pH 7 aqueous mucin solution. The 
rate of swelling of PAA is highest for buffered so- 
lution at pH 7. As mucin is added to the buffered 
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Fig. 9. Comparison of the experimental relative absorbance 
of water as a function of time (open circles) and the Fickian 
model with constant constant diffusion coefficient. The solid 
line is the best fit using Eqns 2 and 8 with diffusion coefft- 
cient of0.9~ 10-‘0cm2/s. The dashed lines above and below 
the solid line are the Fickian model prediction with diffusion 
coefftcient of 1.0~10-‘~ and O.SXIO-‘~ cm2/s, respec- 

tively. The PAA film thickness was 450 nm. 
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Fig. IO. Relative absorbance of water as a function of time 
for cross-linked PAA in contact with deionized water (0 ). 
buffer 7 aqueous solution (O), and 1% buffer 7 mucin solu- 
tion (0 ). The PAA was spin cast from aqueous solution at 

250 rpm for 2 min with film thickness of 0.4pm. 

solution at pH 7, the rate of swelling decreases 
significantly. The rate of swelling of PAA is higher 
in a buffered solution at pH 7 than in deionized 
water which is consistent with compatibility and 
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Fig. Il. Relative absorbance of water (0), PAA (0) and 
mucin (0) as a function of time for cross-linked PAA in 
contact with 1% buffer 7 mucin solution. The PAA was spin 
cast from aqueous solution at 250 rpm for 2 min with film 

thickness of 0.4 Lfrn. 
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Fig. 12. Relative absorbance of mucin with error bars as a 
function of time for cross-linked PAA in contact with 1% 
buffer 7 mucin solution. The PAA was spin cast from aqueous 
solution at 250 rpm for 2 min with film thickness of 0.4 ,nm. 

phase behavior of PAA and mucin shown in Ta- 
ble 1. The increased rate of swelling of PAA in a 
buffered solution at pH 7 is due to increase in the 
degree of ionization of PAA in pH 7 compared 
to deionized water. Consequently, the mucin so- 
lution is more compatible with PAA in a buff- 
ered solution at pH 7 than in deionized water as 
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evidenced by the rate of swelling in Fig. 10. 
Figure 11 shows the time evolution of the rel- 

ative absorbance of PAA, water, and mucin for 
PAA in contact with a 1 wt% pH 7 mucin solu- 
tion at 25°C. The relative absorbance of PAA 
decreases with swelling and the relative absor- 
bance of water and mucin increases indicating 
that water and mucin swell the PAA matrix si- 
multaneously. 

Figure 12 shows the relative absorbance of 
mucin as a function of time with the correspond- 
ing error bars determined from the errors due to 
intensity and line width of the ATR-FTIR peaks. 
Although the error bars are large, there is good 
indication that the concentration of mucin in- 
creases with time and mucin and water swell the 
PAA matrix. The mucin swells the PAA matrix 
because PAA and mucin are miscible and com- 
patible for pH 7, as indicated in Table 1. These 
results offer unequivocal proof that chain inter- 
diffusion occurs at PAA/mucin interfaces and 
support the idea of mucoadhesion due to chain 
interpenetration. 

Conclusions 

Results indicate that the compatibility of PAA 
and mucin is strongly influenced by the pH. The 
experimental results indicate that mucoadhesion 
depends on the compatibility of PAA and mucin 
under specific conditions such as pH or ionic 
strength. If the PAA and mucin are completely 
compatible, an important mechanism of mu- 
coadhesion is chain interdiffusion as the mucin 
swells the cross-linked PAA matrix. 
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