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The goal of this project was to determine the effect of the thickness of the coating film on the dissolution
behavior of tablets. Commercially available film-coated tablets containing aspirin, acetaminophen and
caffeine, were used as the model system. First, a non-destructive X-ray microdiffractometric technique
was developed to quantify the thickness of the film-coating in intact tablets. The same tablets were
then subjected to dissolution tests. There was an inverse correlation between the cumulative amount of
drug in solution at 5 min and the thickness of the coating film. As the coating thickness increased, the
initiation of tablet dissolution was delayed, resulting in a decrease in the cumulative amount of drug in
X-ray
Microdiffractometry
Film-coated tablet
D
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solution. Finally, the technique was applied to formulations marketed by different companies. The X-ray
microdiffractometric technique has the potential to predict the dissolution behavior of tablets.
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. Introduction

X-ray diffractometry (XRD) is recognized as a powerful tool
or the physical characterization of pharmaceutical solids [1].
RD has been extensively used for phase identification, and
ore importantly, phase quantification in intact tablets [2–4].
icrodiffractometers, with two-dimensional area detectors, are

ommercially available wherein the X-ray beam is focused in
small sample area and the two-dimensional detector allows

uick data acquisition [5,6]. Intact film-coated tablets, in a variety
f shapes and sizes, have been analyzed, directly and non-
estructively, using a microdiffractometer [7,8].

An appreciable fraction of marketed tablets is film-coated. The
dvantages of film-coating are well documented in the literature
9]. However, there are numerous processing and materials science
ssues with regard to film-coating. The reproducibility of the film-
oating process is obviously of great concern. It is evident that the
nter- and intra-batch variability in film thickness is well controlled

10]. Since the film-coating is usually conducted using an aqueous

edium, there is a potential for interaction of the formulation com-
onents with water. This can be potentially serious if the API is in
he amorphous state and crystallizes, either partially or completely,
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when it comes in contact with water. This issue has received inad-
equate attention in the literature [11]. Finally the effect of coating
thickness on the dissolution behavior of tablets is also of great inter-
est [12,13]. This issue can be particularly important when rapid
dissolution of the API is desired, for example in the treatment of
pain.

The in vitro dissolution behavior of tablets is a very important
quality control test, and can provide valuable information not only
about batch (both within and between batches) consistency but
also the biological availability [14,15]. The thickness of the coating
film can be one of the determinants of the dissolution behavior of
tablets. In order to determine the effect of the coating film thickness
on the dissolution behavior, the same tablets should be subjected
to both these measurements. Since the pharmacopeial dissolution
tests are destructive, it is necessary to determine the film thick-
ness by a non-destructive method and then subject the tablets to
dissolution studies.

Conventionally microscopic methods have been used to mea-
sure the thickness of film-coated tablets [16]. While these
approaches provide an accurate measure of film thickness, the
techniques tend to be destructive. On the other hand, a number

of spectroscopic approaches have been developed to characterize
film-coating [17,18]. While these techniques are non-destructive,
the techniques are of limited utility in determining the film thick-
ness in the final product [19]. NIR has been used to quantify
the coating material in tablets [20,21]. Recently, terahertz pulsed
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3.2. Estimation of the thickness of the coating film by XRD

In order to investigate the relationship between the coating film
thickness and XRD peak intensity, the same tablet was subjected
H. Yamada et al. / Journal of Pharmaceutic

pectroscopy, has enabled the characterization of formulation com-
onents as well as the coating film of tablets [22,23].

The specific object in this paper was to investigate the effect of
he coating film thickness on the dissolution behavior of tablets.
n order to accomplish this objective, a non-destructive X-ray

icrodiffractometric technique was first developed to quantify the
hickness of the film-coating in tablets. The dissolution profiles
ere then experimentally obtained. This approach has the potential

o predict the tablet dissolution behavior, based on the thickness
f the coating film.

. Materials and methods

.1. Materials

Commercially available formulations containing aspirin,
cetaminophen and caffeine as the active ingredients were used
s the model system. Products marketed by three companies were
urchased from a local pharmacy. From now on, these are referred
o as I, II and III. All of them were film-coated capsule-shaped
ablets. The label claim in each tablet was 250 mg acetaminophen,
50 mg aspirin and 65 mg caffeine. All the tablets contained
ydroxypropyl methylcellulose and TiO2, excipients typically used

n film-coating.
Acetaminophen, aspirin and caffeine (anhydrous) powder sam-

les were obtained from Sigma (St. Louis, MO, USA).

.2. X-ray microdiffractometry

A microdiffractometric system with a two-dimensional area
etector (D8 DISCOVER, Bruker AXS) was used, wherein X-rays
CuK� radiation; 45 kV × 40 mA) were collimated to a 0.8 mm i.d.
pot size. The incident angle was 10◦ and detector position was
xed at 25◦, which covered the angular range from 10 to 40◦2�.
he data collection time was 180 s. The results were analyzed using
ommercially available software (JADE, Materials Data, Inc., Liver-
ore, CA, USA).

.3. Scanning electron microscopy

In order to determine the thickness of the coating film, the
lm-coated tablet was transversely sliced with a razor blade,
ounted on the sample holder with double sided carbon tape,

oated with platinum (50 Å) and observed under an electron micro-
cope (Model: JSM-6500F, JEOL, Tokyo, Japan).

.4. Dissolution profiles

The dissolution test was conducted using the USP Type II appa-
atus, where the paddles were rotated at 100 rpm, and 900 mL of
eionized water, maintained at 37 ◦C, was used as the dissolution
edium (NTR-6100A, Toyama Sangyo Co., Ltd., Osaka, Japan) [24].

he absorbance was measured at 295 nm, in 1 min intervals, using
UV-probe placed in the dissolution vessel (DM-3100, Otsuka Elec-

ronics, Osaka, Japan).
Since our objective was to monitor the effect of the coating

hickness on the initial dissolution profiles, we did not monitor the
oncentrations of the individual APIs in the dissolution medium.
nstead, the absorbance at 295 nm was used as a measure of the
um of the concentrations of the three APIs in solution. In order
o validate this approach, aqueous solutions containing aspirin,

cetaminophen and caffeine were prepared. The concentration
atio of aspirin to acetaminophen to caffeine was maintained at
0:50:13, the same as in the formulation. The absorbance at dif-
erent concentrations (aspirin and acetaminophen ranging from 0
o 0.278 mg/mL and caffeine ranging from 0 to 0.072 mg/mL) was
Biomedical Analysis 51 (2010) 952–957 953

measured and a plot of the absorbance versus concentration was
linear. The absorbance of the solution containing 0.278 mg/mL of
each aspirin and acetaminophen and 0.072 mg/mL caffeine was
1.81 ± 0.01 (mean ± SD; n = 6), and was close to the values of
1.89 ± 0.05 (n = 6), 1.88 ± 0.04 (n = 6) and 1.83 ± 0.02 (n = 6) for I,
II and III, respectively, obtained after 60 min of dissolution. The
results reflected the fact that the absorbance, irrespective of the
commercial source, could be attributed predominantly, if not com-
pletely, to the APIs in the dosage form.

3. Results

3.1. Identification of API in film-coated tablets

X-ray powder diffractometry can be used to monitor the
physical form of the active pharmaceutical ingredient in intact film-
coated tablets [7,8]. Fig. 1(a) is a representative microdiffraction
pattern of an intact tablet of I. In an effort to assign diffraction
peaks to the different formulation components, the diffraction pat-
terns of acetaminophen, aspirin and caffeine were also obtained
[Fig. 1(b)–(d)]. Based on the positions of the characteristics peaks
of the three active ingredients, the peaks observed in the XRD pat-
tern of the intact tablet were assigned (Fig. 1(a)). The manufacturers
had provided a list of excipients in the package. Two of the products
had identical excipients. Most of the formulation components were
completely or substantially amorphous. As a result, they will not
exhibit sharp diffraction peaks. A few components are crystalline.
However, none of them will exhibit a peak at 25.4◦2� except for
TiO2. This conclusion was based on evaluating the published XRD
patterns of all the crystalline components in the Powder Diffraction
Files of the International Centre for Diffraction Data (ICDD).

Therefore the intense peak at 25.4◦2� was attributable to the
TiO2 in the coating film. In the angular range where this peak
was observed, there were no intense peaks attributable to the
APIs or the crystalline excipients in the tablets [25–28]. Unfor-
tunately, the diffraction peaks of caffeine overlapped with those
of acetaminophen and aspirin. Moreover, the caffeine content in
the formulation was low (65 mg per tablet; total tablet weight
∼660 mg). Therefore the identification of caffeine was not possible.
Fig. 1. Microdiffraction patterns of (a) intact tablets of I, (b) acetaminophen, (c)
aspirin and (d) caffeine. Diffraction peak at 25.4◦ is from the coating film. Ac, As and
C represent acetaminophen, aspirin and caffeine, respectively.
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Fig. 2. Microdiffraction patterns of intact tablets of I. The diffraction peaks at 24.3◦
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and II were substantially similar. In the case of tablet III, while the
nd 25.4 were from the core tablet (acetaminophen) and coating film, respectively.
ive tablets were subjected to the microdiffraction. Each curve is the diffraction
attern of an individual tablet. In an effort to facilitate visualization, the XRD patterns
ave been divided into two clusters.

o XRD measurement followed by scanning electron microscopy
SEM). Five intact tablets of I were subjected to XRD. The inten-
ity of the peak at 25.4◦2� due to diffraction by TiO2, a component
n the coating film, was monitored. The intensity of the peak at
4.3◦2�, due to diffraction by acetaminophen in the core tablet,
as also monitored. As shown in Fig. 2, as the intensity of the TiO2
eak increased, the acetaminophen peak intensity decreased. The
ttenuation of X-rays by the coating film is expected to increase
s the coating film thickness increases, resulting in a decrease in
he diffracted intensity of the crystalline components in the core
ablet.

After the XRD measurement, the coating film thickness in each
ablet determined by SEM. In each tablet, the thickness of the coat-
ng film was measured at 3 different locations. The RSD in 5 tablets
n = 3 for each tablet) ranged between 3.4 and 5.8% indicating that
he film-coating was uniform. The non-destructive nature of XRD
ermitted us to use the same tablets for both XRD and SEM. The

ntensity of the TiO2 peak, determined by XRD was plotted as a
unction of the film thickness, determined by SEM (Fig. 3). The
iffraction intensities correlated with the coating film thickness
r = 0.989). With an increase in the thickness of the coating film,
here was a proportional increase in the diffracted intensity. It is
herefore possible to determine the thickness of the coating film,
on-destructively, by XRD.

.3. Effect of the coating film thickness on the dissolution profile
The coating film must dissolve or rupture in order for the core
ablet to come in contact with the dissolution medium. The thick-
ess of the coating film can therefore be a key determinant of the
Fig. 3. A plot of the intensity of the 25.4◦2� peak of TiO2 as a function of the thickness
of the coating film. The coating film thickness was determined by SEM. In each tablet,
the coating thickness, as well as the XRD intensity, was determined at 3 locations.

dissolution profile, particularly at the early stage of dissolution. The
effect of the coating film thickness on the dissolution profile was
next investigated.

After the non-destructive determination of the film thickness by
XRD, the same tablets were next subjected to dissolution studies.
In all the tablets, based on the absorbance measurement, the dis-
solution was complete in ∼20 min (data not shown). However, as
is evident from Fig. 4(a), there were pronounced tablet-to-tablet
differences in the initial dissolution profile. Since the slope val-
ues appear to be substantially similar [Fig. 4(b)], the differences
are likely attributable to the thickness of the coating film. With
an increase in coating thickness, the lag time for dissolution is
expected to increase. However, once the dissolution of the core
tablet is initiated, the dissolution rates appear to be substantially
similar.

Since our interest was the performance of the formulation soon
after it was placed in contact with the dissolution medium, the
cumulative amount in solution at 5 min was used as a measure of
the initial dissolution behavior. In Fig. 5, the percent dissolved in
5 min was plotted as a function of the intensity of the TiO2 peak.
The increase in the thickness of the coating film, reflected in the
increased intensity of the TiO2 peak, caused a marked decrease in
the initial dissolution rate.

As mentioned earlier, our goal was to determine the influence of
coating film thickness on the dissolution behavior of tablets. How-
ever, the dissolution test, as well as the technique used to measure
the coating film thickness (such as SEM), is destructive. It is there-
fore impossible to perform both these tests on the same tablets. By
developing a non-destructive XRD method for determining the film
thickness, we are able to establish the influence of the coating film
thickness on the initial tablet dissolution behavior.

3.4. Comparison of the products marketed by different companies

Tablets obtained from three different companies were subjected
to detailed characterization. Fig. 6 contains the XRD patterns of
tablets from the different sources. The XRD patterns of tablets I
peak positions substantially matched with that of tablets I and II,
the intensities were different (Fig. 6). In III, the intensity of the peak
at 25.4◦2�, due to the TiO2 in the coating film, was much lower than
that in I and II. Therefore, the film-coating thickness in III should be
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Fig. 4. (a) Dissolution profiles of tablets of I. Six tablets were used for the measure-
ment. The dissolution rates were monitored every 1 min using an in situ UV-probe.
(b) The dissolution profiles between 4.5 and 5.5 min are shown in expanded axes.

Fig. 5. Correlation between XRD intensity of the coating film and the % dissolved
in 5 min. XRD intensity was determined from the peak area of the coating film.
Dissolution profiles of the tablets were shown in Fig. 4.
Fig. 6. Microdiffraction patterns of intact film-coated tablets: (a) tablets I, (b) tablets
II, and (c) tablets III. Diffraction peak at 25.4◦ is from the coating film.

less than that in I and II. As a consequence, the peaks attributed to
the core tablet components were more intense in III. The integrated
intensity of the 25.4◦2� peak of TiO2 can be used as an approximate
measure of the thickness of the film-coating. The TiO2 peak inten-
sity in tablets of III (1936 ± 577 counts; n = 10) was about one-third
of I (5505 ± 787 counts), and II (5363 ± 603 counts).

The thicknesses of the film-coating were also determined by
SEM. In case of II, the coating thickness (37.1 ± 3.8 �m; n = 5) was
approximately the same as in I (35.5 ± 4.5 �m). The coating thick-
ness in III (13.0 ± 5.7 �m) was about one-third of I and II. Thus, the
XRD and SEM results were in good agreement.

When the XRD peak intensity (25.4◦2� peak of TiO2 in the
coating film) was plotted as a function of the film thickness (deter-
mined by SEM), an approximately linear relationship was observed
(r = 0.995, Fig. 7). Since the peak intensity was proportional to the
coating film thickness in tablets obtained from 3 different commer-

cial sources, the TiO2 concentration in the film-coating is expected
to be approximately the same in all the tablets.

Finally, the dissolution rate (measured as percent dissolved in
5 min) was plotted as a function of the XRD (25.4◦2� peak of TiO2

Fig. 7. A plot of the intensity of the 25.4◦2� peak of TiO2 as a function of the thickness
of the coating film. The coating film thickness was determined by SEM. In each tablet,
the coating thickness, as well as the XRD intensity, was determined at 3 locations:
(�) tablets I, (©) tablets II, and (�) tablets III.
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ig. 8. Correlation between XRD peak intensity of the coating film and the % dis-
olved in 5 min. XRD peak intensity was determined from the peak area of the coating
lm: (a) tablets I and II and (b) tablets III.

n the coating film) peak intensity (Fig. 8). As the TiO2 peak inten-
ity increased, there was a pronounced decrease in the dissolution
ate. Although the trends observed in I, II and III were qualitatively
imilar, III (panel b in Fig. 8) dissolved much faster than I and II
panel a in Fig. 8). The film-coating in III disintegrated much faster
<1 min) than in tablets I and II (∼20 min). In addition to the effect
f the thickness of the coating film, there might be formulation
ffects—the disintegrant in III might be more effective than in I and
I.

Characterization of the tablets marketed by different companies
tablets I, II and III) by XRD, SEM and dissolution testing indicated
hat I and II were substantially “similar”. On the other hand, the
oating thickness in III was much less than in I and II, leading to
apid disintegration followed by dissolution. Microdiffractometry
an readily identify the differences between these products and the
echnique is non-destructive.
. Discussion

In film-coated tablets, the thickness of the coating film is
xpected to influence the dissolution behavior of tablets. How-
ver, in order to determine this effect, the film thickness and the

[
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dissolution testing should be conducted in the same tablets. The
non-destructive microdiffractometric method enabled us to deter-
mine the film thickness in intact film-coated tablets. This was
followed by dissolution testing (destructive analysis) of the same
tablets.

Using this approach, we were able to explain the subtle differ-
ences in the dissolution behavior of film-coated tablets obtained
from different commercial sources. While the non-destructive
measurement of the film thickness is an important component of
the paper, our broader goal is to relate the tablet properties (film
thickness in this case) to the observed tablet dissolution behav-
ior. While spectroscopic techniques can be used to determine film
thickness, we believe that this is the first report directly relating
film thickness to dissolution behavior.

In addition to the non-destructive determination of the coating
film thickness, XRD will also provide information about the physi-
cal form of the crystalline ingredients (aspirin, acetaminophen and
caffeine in this case) in the dosage form. Thus if there are any
processing or storage induced phase transformations, they could
be identified and possibly quantified. In this system, since none
of the crystalline ingredients exhibited processing-induced phase
transformation, we did not utilize all the unique features of the
technique. We had earlier demonstrated the feasibility of quanti-
fying the different physical forms of the API, in intact film-coated
tablets, by XRD [8].

5. Conclusion

A non-destructive X-ray microdiffractometric technique was
developed to quantify the thickness of the film-coating in intact
tablets. The same tablets were then subjected to dissolution tests.
The effect of the thickness of the coating film on the tablet dis-
solution behavior was established. The X-ray microdiffractometric
technique has the potential to predict the dissolution behavior of
tablets.
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