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ABSTRACT 

The purpose of this study was to produce novel multiple-layer, compression-coated, 
chewable tablet formulations containing amoxicillin trihydrate, and clavulanic acid 
as potassium clavulanate, and to test in vitro dissolution characteristics and the 
effect of humidity stability compared to Augmentin@ chewable tablets as a refer- 
ence. Double- and triple-layer tablets were manufactured on a laboratory scale by 
multiple-layer dry compression, and dissolution profiles of both active ingredients 
were determined. Tablets were subjected to stability evaluation in laboatoiy-scale 
humidity tanks maintained at constant humidity. Assay of content was determined 
by HPLC or UV spectroscopy. Physical characteristics of the powder mixture, such 
as angle of repose, and of tablets for hardness and friability, were also determined. 
Chewable tablets showed similar dissolution profiles in vitro for both active ingre- 
dients, compared to the marketed reference, Augmentin. The stability of clavulanic 
acid, but not amoxicillin, was increased in the novel triple or bilayer formulation. 
The tablets showed suitable friability, hardness, and angle of repose for  starting 
materials to suggest that industrial scale-up is feasible. This approach to formu- 
lation of drugs containing multiple or moisture-sensitive ingredients has been 
shown to increase the stability of the central core drug without changing the dis- 
solution pattern of the active ingredients. This formulation is expected to be 
bioequivalent in vivo based on these in vitro results. 

*To whom correspondence should be addressed. Abbott Laboratories, North Chicago, IL 60064-4000. Fax: (847) 938-6092. 

729 

Copyright 0 1998 by Marcel Dekker, Inc. www.dekker.com 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/3

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



730 Wardrop, Jaber, and Ayres 

INTRODUCTION 

Amoxicillin is a semisynthetic broad spectrum antibi- 
otic derived from ampicillin, which is in turn derived 
from the basic penicillin nucleus, 6-aminopenicillanic 
acid. It is used for a wide range of clinical indications (1) 
and is also available commercially as an oral antibacte- 
rial combination (2) containing the p-lactamase inhibi- 
tor, potassium clavulanate, the potassium salt of 
clavulanic acid. Clavulanic acid is produced by the fer- 
mentation of Streptomyces clavuligerus and is also a p- 
lactam, structurally related to amoxicillin and other peni- 
cillins, and possesses the ability to inactivate a wide 
variety of p-lactamases by blocking the active sites of 
these enzymes. It is particularly active against the clini- 
cally important plasmid-mediated p-lactamases fre- 
quently responsible for transferring drug resistance to 
pencillins and cephalosporins. 

The combination of amoxicillin trihydrate with potas- 
sium clavulanate is available commercially (Aug- 
mentin@) as both immediate-release (875, 500, and 250 
mg amoxicillin, each containing 125 mg clavulanic acid) 
and chewable tablets (250 and 125 mg amoxicillin, each 
containing 125 and 62.5 mg clavulanic acid, respec- 
tively). Both amoxicillin trihydrate and potassium clav- 
ulanate will degrade quickly in solution and the latter, in 
particular, is extremely moisture sensitive (3,4). For this 
reason, a novel type of formulation was proposed which 
contained the clavulanic acid in a central protected core, 
surrounded by a hydrophobic stearic acid bamer layer, 
and further surrounded by a third amoxicillin drug layer. 
This design works particularly well with this formulation 
due to the small amount of potassium clavulanate 
present, relative to amoxicillin trihydrate. An alternative 
to this approach is a double-layer tablet, which is simi- 
lar but contains stearic acid combined with the 
amoxicillin outer coat. The chewable formulation was 
chosen initially because it is more unstable than the 
immediate-release tablet, thereby presenting a greater 
formulation challenge. (Stability was evidenced by the 
packaging of Augmentin dosage forms--chewable tab- 
lets are individually packed in foil.) Schematic represen- 
tations of these formulations are shown in Fig. 1. 

MATERIALS AND METHODS 

Tablet Manufacture 

Tablets were manufactured on a laboratory scale us- 
ing a hydraulic press (Fred S .  Carver, Inc., Summit, NJ). 
Core tablets were directly compressed first, then placed 

A 

B e C 

A Ez C 

Figure 1. Schematic representation of triple- (top) and 
double-layer (below) tablets: A = clavulanic acid; B = stearic 
acid or Avicel layer; C = amoxicillin. 

into a slightly larger die on top of half of the powder 
mixture for the middle layer formulation. The remaining 
powder mixture was sprinkled on top and compressed. 
The process was repeated again with a larger punch and 
die set to obtain the final tablet. All powders were com- 
pressed directly except for amoxicillin, which was pre- 
viously roller compacted, and mannitol, which was 
granular. Tablets were compressed at 500,500, and 3000 
lb for each respective layer. Compression pressures were 
later found to be critical, as was the shape of the inner 
tablets. Scanning electron microscopy of the tablets pro- 
vided information about how the tablet layers were 
bound together and where tablet weaknesses would oc- 
cur and lead to fracture or splitting. Two different sets 
of punches and dies were used during the developmen- 
tal process. 

Assessment of Formulations 

Good flow properties of powders are critical for an 
efficient tableting operation. When a heap of powder is 
allowed to stand with only gravitational force acting on 
it, the angle between the free surface of the heap and the 
horizontal can achieve a certain maximum for a given 
powder. This angle is the angle of repose. This angle 
was measured for each layer of powder mixture. The 
powder was poured through a wide-neck funnel and the 
circular fall pattern was traced on paper. The diameter of 
this circle was measured several times and a mean radius 
value (r) obtained. The height of the powder pile (h)  was 
measured and the angle of repose (a) calculated from the 
following equation (5): 
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h t ana  = - 
r 

Measurements were made in triplicate for all tablets, 
including the core and middle layer tabfets. For most 
pharmaceutical powders, the angle of repose ranges from 
25 to 45", with lower values indicating better flow char- 
acteristics. Values of 2 3 0 "  generally indicate a free- 
flowing material, angles 1 40" suggest a poorly flowing 
material (5). 

To assess friability of the tablets, six dedusted tablets 
were weighed then placed in the laboratory VanderKamp 
friability tester (Van-Kel Industries, Edison, NJ) for 100 
revolutions. The tablets were dedusted and reweighed. 
Normal friability limits define no more than 1% weight 
loss under these conditions. 

The tablet hardness was measured by a strong Cobb 
hardness tester (Cleveland, OH). An average of six read- 
ings was taken as the final hardness, and the normal 
minimal hardness limits were greater than 5 kg, although 
chewable tablets may have been somewhat softer (6). 

Dissolution Profiles 

Dissolution tests were conducted according to the 
USP 22 paddle method (7) at 37°C 75 rpm. Dissolution 
medium was 900 ml deionized deaerated water. Disso- 
lution profiles of six tablets were determined over 50 
min for immediate-release tablets. Five-milliliter samples 
were withdrawn with replacement via syringe with an 
inline filter ( 2  pm immersible filter). Samples were di- 
luted 1:5 for amoxicillin analysis by UV spectroscopy at 
270 nm, and undiluted samples were derivatized to pro- 
vide the clavulanic acid samples for analysis by UV 
spectroscopy at 310 nm (8). 

Dissolution profiles of the chewable tablet formula- 
tions were determined for Augmentin initially as crushed 
and uncrushed tablets. Tablets were crushed using an 
EZ-Swallow@ Pill Crusher (American Medical Indus- 
tries, Highland Park, IL) a small device which can uni- 
formly crush tablets and minimize human error com- 
pared to grinding tablets using a mortar and pestle. All 
further dissolution profiles were determined using 
crushed tablets because it was anticipated this would 
more closely mirror an in vivo absorption profile for 
chewable tablets. 

Dissolution profiles were determined, with 3-ml 
samples withdrawn for UV analysis and replaced at 6 ,  
12, 20, 30, 40, and 50 min. Amoxicillin samples were 
analyzed directly at 270 nm. For clavulanic acid, a de- 

rivative of each sample was formed. From each sample 
400 pl was first added to 100 pl imidazole reagent and 
allowed to stand at room temperature for 10 min in or- 
der to form the derivative (8). A further 2 ml water was 
then added to provide the sample for UV spectroscopic 
detection of clavulanic acid at 3 10 nm. Imidazole reagent 
was prepared by making 8.25 g imidazole up to 24 ml 
with deionized water. HCI (5 M) was added to pH 6.8 
and the solution was made up to 40 ml with deionized 
water. Both calibration curves constructed for UV analy- 
sis gave a correlation coefficient of greater than 0.999 
and were linear over the range of 0-200 pg/ml for 
clavulanic acid and CL50 pg/ml for amoxicillin. 

HPLC Analysis 

A sensitive HPLC method with UV detection (8) was 
used to assess humidity stability, with some modifica- 
tions. Two dedicated systems were used to analyze sepa- 
rate drug levels due to the large sample number and in- 
stability of both compounds. Calibration curves for both 
analytes were linear through 0.5-300 pg/ml for 
amoxicillin and 0.5-1 50 pg/ml for clavulanic acid (both 
correlation coefficients >0.99). The lower limit of 
quantitation was 0.5 pg/ml for both amoxicillin and 
clavulanic acid. For both active drugs, interday coeffi- 
cients of variation were less than 10% at both low and 
high concentrations. Amoxicillin samples wcre analyzed 
directly using acetaminophen ( I  pglml) solution as an 
internal standard. Clavulanic acid samples were 
derivatized as described previously, and sulfadiazine 
solution (0.5 mg/ml) was used as an internal standard. 
For amoxicillin, 0.005 M potassium phosphate solution 
containing 5% methanol was degassed and pumped us- 
ing a Waters (Milford, MA) M-45 solvent delivery sys- 
tem. A similar mobile phase, containing 6% methanol 
and adjusted to pH 3.6 with phosphoric acid, was used 
to carry clavulanic acid samples to be injected using a 
Waters Wisp 7 1 OA autosampler onto a reversed-phase 
column C18, 25 cm, lOOA Rainin Microsorb-MV@, (5 
and 8 pm, respectively, for amoxicillin and clavulanic 
acid). The UV absorbance of amoxicillin was recorded 
at 229 nm and clavulanic acid derivative was recorded 
at 310 nm. Data were recorded and analyzed with a 
Shimadzu CR501 Chromatopac. 

Humidity Stability 

Both amoxicillin and clavulanic acid degrade rapidly 
when exposed to moisture (3,4). Standard glass aquari- 
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ums (50 x 26 x 30 cm) were sealed with a plastic cover 
to form humidity tanks. A saturated solution of calcium 
sulfate dihydrate provided 75% relative humidity (RH) 
conditions. The solution was prepared using deionized 
water and filled to about 1 in. depth in the bottom of 
each tank. Both humidity and temperature were moni- 
tored daily using a hand-held humidity meter (VWR 
Scientific, San Francisco, CA). A plastic rack was placed 
in the tank to hold Petri dishes containing either triple- 
layer, bilayer, or Augmentin tablets 7 cm above the sur- 
face of the solution. 

Chewable tablets were exposed to 75% RH. Two tab- 
lets from each formulation were removed at various time 
points up to 50-hr, and crushed and powdered as above. 
The powder was transferred to a 500-ml flask and made 
up to volume with deionized water. After the mixture 
was stirred for 30 min, three 5-mI aliquots were trans- 
ferred to test tubes and centrifuged for 10 min. This 
solution was diluted 1 ml in 5 ml with water and used 
for HPLC sample preparation. 

RESULTS AND DISCUSSION 

Compression pressure was found to be a critical fac- 
tor in chewable tablet formulation, and the final pres- 
sures used were the result of a balance struck between 
the manufacture of a tablet that was soft enough to eas- 
ily chew, even upon triple compression, but hard enough 
to withstand transport. If the initial core was tableted at 
high pressure, the subsequent layers were not cohesive. 
Minimizing this initial tableting pressure increased the 
pressure difference between initial and final compression 
pressures, and produced good tablets. 

Scanning electron microscopy of cross sections of the 
tablets gave further information about how the tablets 
bonded together. Figure 2 shows a triple-layer tablet 
under high magnification. Note that the layers did not 
directly bond to each other, but a viable gap could be 
detected all around each surrounding layer. For conven- 
tional triple-layer tablets, for which the same size 
punches and dies are used with several powder fills, the 
layers must bond in order for the tablet to have integrity. 
For the type of core tablets described herein, it is thought 
that similar material in each layer promotes interlayer 
bonding. These SEM results, however, indicate that for 
a triple-layer tablet of the type described in this paper, 
the important factor is how well the layer sticks to itself. 
This is consistent with a previous description of this 
approach to tablet formulation as being “likened to a 
peanut in a shell” (9). Centering of core tablets is criti- 

Figure 2. Scanning electron microscope detail of triple-layer 
tablet ( 3 0 ~  magnification) shows no direct bonding between 
layers. 

cal, and badly centered tablets will result in cracks in the 
outer surface, as indicated in Fig. 3, which shows an 
example of a badly centered tablet. Misalignment ap- 
pears to cause unwanted additional pressure at opposite 
edges and cracks can be seen beginning to form. By 
changing the shape of both the inner and outer punches 
and dies, the appearance of cracks in the tablets on stor- 
age was eliminated. Inner punches with more rounded 
edges than depicted in Fig. 4 provided a tablet “lip” or 
edge which was reduced around two-thirds in size, as 
can be seen by comparing Fig. 4 from initial inner 
punches to Fig. 3 from final inner punches. 

Figure 3. Scanning electron microscope detail of a mis- 
aligned core in a bilayer tablet ( 1 4 ~  magnification) shows 
cracks forming at edges. 
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Figure 4. 
tablet (20x magnification). 

Scanning electron microscope detail of a bilayer 

Table 1 lists formulations studied. The first formula- 
tion is simply a bilayer tablet consisting of a clavulanic 
acid-containing core with an outer surrounding layer 
containing amoxicillin. Two triple-layer formulations are 

reported: the first contains a middle layer of Avicel 
PH112, with lubricant, separating the two active ingre- 
dients, and the second has 20% stearic acid in this 
middle Avicel PH112 layer to act as a tableting lubricant 
and hydrophobic barrier to moisture penetration. Be- 
cause stearic acid itself provides sufficient lubrication, 
extra lubricant was not added. 

Table 2 lists physical characteristics of the formula- 
tions studied; namely the angle of repose, friability, and 
hardness of each tablet layer. Flow properties of the core 
were marginal, as shown by the angle of repose of 
around 34". This could be easily improved by dry granu- 
lating the clavulanic acid layer, although if flow was 
sufficiently good in industrial-scale equipment, this ex- 
tra step would be unnecessary. Flow properties of all 
other layers were good (around 30" or less). 

Core tablets showed no weight loss during friability 
testing, and indeed tended to show marginal weight in- 
creases. This may have been due, in part, to the tablets 
picking up atmospheric moisture during the friability 
test, because a controlled humidity environment was not 
available for this equipment. The friability of the middle 
layer containing Avicel PHI 12 was not good but was 

Table 1 

Chewable Tablet Formulations 

Formulation Bilayer 
Triple Layer 

(Avicel) 
Triple Layer 

(Stearic Acid) 
~ 

Corea Clavulanic acid Clavulanic acid 
Middle - Avicel PHI 12 
OuteP Amoxicillin Amoxicillin 

Clavulanic acid 
Avicel PHI 12 + 20% stearic acid 
Amoxicillin 

_ _ ~ ~  ___ 

aActive ingredients only are listed. Formulation includes other excipients. 

Table 2 

Angle of Repose, Friabiliv, and Hardness Measurements 
~ 

Angle of Repose Friability Hardness 
Formulation (a") (% Weight Loss) (kg) 

1. Core 34.6 0 4.4 
Middle - 
Outer 31.2 0.4 13.0 

2. Core 34.6 0 4.4 
Middle 31.7 16.8 4.0 
Outer 31.2 0.4 13.0 

3. Core 34.6 0 4.4 
Middle 29.4 2.6 6.3 
Outer 31.2 1.2 16.2 

- - 
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significantly improved with the addition of 20% stearic 
acid. It was noted that when Avicel PHI 12 was substi- 
tuted with Avicel CE, a brand of microcrystalline cellu- 
lose cocrystallized with guar gum for chewable tablet 
formulation, friability was increased. Final friability lev- 
els with the outer amoxicillin-containing layer included 
were well under the recommended 1% weight loss lim- 
its. All tablet hardness measurements were above the 
minimum 4 kg limit, and were comparable to those of 
Augmentin. 

Figures 5 and 6 illustrate the large difference in dis- 
solution profiles between crushed and uncrushed or 
whole Augmentin chewable tablets. Both active ingredi- 
ents dissolve faster from crushed tablets, as expected. 
Initial attempts to mirror the dissolution profiles of Aug- 
mentin chewable tablets failed because the main diluent 
of these tablets (colloidal silicon dioxide) is much less 
wettable than the microcrystalline cellulose used in the 
new formulations. Clavulanic acid was available com- 
mercially as a 1:1 mixture with either Avicel PH112 or 

Figure 5. Dissolution profile of amoxicillin from crushed 
and uncrushed Augmentin 250 mg chewable tablets. 

s 
0 1 o m 3 0 4 0 5 0  

Time (min) 

Figure 6. 
Augmentin 250 mg chewable tablets. 

Dissolution profile of clavulanic acid from 

Syloid, and the former was selected because of better 
flow properties and ease of handling. However, when the 
chewable tablets are crushed to simulate chewing, the 
dissolution profiles between products are very similar 
(Figs. 7 and S), and this is thought to be more significant 
in terms of in vivo correlation. Figure 7 depicts very 
similar dissolution profiles for both triple-layer formula- 
tions compared to Augmentin, for both active ingredi- 
ents. The fact that clavulanic acid was protected as a 
core tablet created concern that dissolution would be 
delayed. This concern was unfounded, partly because of 
the rapidly disintegrating Avicel diluent used. Figure 8 
also shows that dissolution profiles of bilayer tablets are 
very close for both amoxicillin and clavulanic acid. All 
formulations complied with USP dissolution limits. 

Figure 9 shows a similar humidity stability profile for 
amoxicillin from triple-layer tablets compared to Aug- 
mentin, but indicates a stability-enhancing effect for 
clavulanic acid contained in the triple-layer formulations. 
Clavulanic acid degrades very rapidly under these con- 
ditions, especially for Augmentin tablets in which con- 
tent drops to below 40% in only 10 hr. The triple-layer 
tablets take an additional 10 hr to degrade to this level. 
It is believed that this difference may be extrapolated in 
terms of predicted shelf life. 

0 1 o a 0 3 0 4 0 s o '  
I 

Time (ml) 

Figure 7. Dissolution profiles of amoxicillin and clavulanic 
acid from triple-layer tablet formulations compared to 
Augmentin 250 mg chewable tablets. 
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0 1 0 2 0 3 0 4 0 5 0  

Time (mln) 

O I  
0 1 0 2 0 3 0 4 0 5 0  

Time (min) 

Figure 8. Dissolution profiles of amoxicillin and clavulanic 
acid from bilayer tablets compared to Augmentin 250 mg 
chewable tablets. 

Bilayer tablets also show a similar humidity stability 
profile for amoxicillin when compared to Augmentin 
(Fig. 10). Figure 1 1  shows increased stability for bilayer 
tablets compared to Augmentin. These results show that 
even without stearic acid present, and without three 
separate layers, placing the clavulanate in a core in- 
creases stability. These results are quite different from 
those of Crowley (lo), who concluded that intimate 
mixing of clavulanate and amoxicillin results in in- 
creased stability of both materials. Figure 12 indicates 
the color change associated with the degradation of clav- 
ulanic acid. The triple-layer stearic acid formulation is 
seen on the far right and retains a white color in the outer 
layer, and both Augmentin and a generic single-layer 
tablet containing the same ingredients as in the triple- 
layer stearic acid tablet but not intimately mixed, are 
dark yellow-orange. These pictures reinforce the data 
collected above, indicating a stability-enhancing effect of 
this type of formulation over conventional single-layer 
tablets. This effect is presumably seen only in the pres- 
ence of moisture because both ingredients are relatively 
stable when dry. 

The chewable tablets studied show similar crushed in 
vitro dissolution profiles, and similar in vivo profiles 

Figure 9. Effect of 75% relative humidity on amount of re- 
maining clavulanic acid and amoxicillin in triple-layer tablets 
compared to Augmentin 250 mg chewable tablets. 

were expected. These products were shown to be bio- 
equivalent by monitoring urinary excretion rates in a 
single-dose study in healthy human volunteers (1 1) .  One 
disadvantage of using triple-layer core tablets lies in the 
equipment used. Three separate tooling sets are required 
in place of one, and tablet manufacture involves multiple 
steps. This type of approach could conceivably be ap- 
plied to a number of formulations for which moisture- 

im , 1 

0' 
0 1 0 2 0 3 0 4 0 5 0  

Time (h) 

Figure 10. Amoxicillin remaining after exposure of bilayer 
and single-layer tablets to 75% relative humidity. 
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0 1 0 2 0 0 3 0 4 0 5 0  

Tlme (h) 

Figure 11. Clavulanic acid remaining after exposure of bi- 
layer and single-layer tablets to 75% relative humidity. 

sensitive ingredients are t o  be used and incompatible 
excipients or actives should be separated. 
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Figure 12. Effect of high humidity on tablets containing amoxicillin and clavulanic acid. Orange color is associated with 
clavulanic acid degradation. Right: triple-layer stearic acid formulation; center: Augmentins 250 mg chewable; left: single- 
layer formulation containing all ingredients of triple-layer stearic tablets. 
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