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Abstract approved: 

This thesis describes a novel "Tablet-in-a-Bottle" oral suspension formulation. 

Ingredients with unstable physical or chemical characteristics can be placed in a core 

tablet, and then dry compression coated with an outer layer which provides separation 

from other components. The new suspension formulation comprises fast disintegrating 

clavulanic acid (KCA) tablets with a powder mixture containing amoxicillin. Hardness, 

friability, flow properties and weight uniformity of tablets for three different formulations 

were investigated and were all improved in a third formulation. Stability tests under 

different humidities were conducted. Amoxicillin and clavulanic acid in the new 

formulations showed the same stabilities when compared with the marketed product 

Augmentin®. Preliminary pharmacokinetics and bioavailability of one new formulation 

were evaluated by comparing in vitro release rates and in vivo urinary excretion rates. 

In vitro dissolution studies were carried out according to the USP )OCIII paddle method. 

The new formulation showed faster release rates during the first hour when stirring 

speed was 25 rpm. However, when 75 rpm stirring speed was applied, the dissolution 

profiles for the new formulation and the reference marketed product were identical. 

A randomized two-way crossover bioequivalence study was designed to evaluate the 

bioavailabilities. Cmax, Tmax and AUC0_9t of amoxicillin were within ±20% of the 

reference pharmacokinetic values. However, Cmax and Tmax of clavulanate were not 

within ±20%. Bioeqivalence between this new suspension formulation and the marketed 

product (Augmentin®) were evaluated using a two one-sided t-test. There is not 
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sufficient statistical support with this test to conclude that the two products are 

bioequivalent. However, this is most likely due to small sample size and high intersubject 

variation and statistical support for bioequivalence is expected in a larger study group. 
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Product Formulations and In Vitro-In Vivo Evaluation of a Novel "Tablet
 
-in-a-Bottle" Suspension Formulation of Amoxicillin and Clavulanic Acid
 

INTRODUCTION 

Suspensions may be defined as preparations containing finely divided drug particles 

distributed uniformly throughout a vehicle (generally purified water) in which the drug 

exhibits a minimum degree of stability. The advantages of suspension dosage form over 

solid form of the same drug are the ease of swallowing liquids and the flexibility in the 

administration of a range of doses. This is particularly advantageous for infants, children 

and the elderly. Some suspensions are available in ready-in-use form. However, for drugs 

that unstable if maintained in the aqueous form for a period of time (such as many 

antibiotic drugs), preparations are available as dry powder for reconstitution prior to 

administration. Augmentin®, an antibacterial combination consisting of the antibiotic 

amoxicillin and clavulanic acid, is then prepared as dry powder mixtures. The new 

formulation provides a complete separation for clavulanic acid from any chance to expose 

to moisture to ensure stability. 

Chapter I of the thesis describes formulation development and tablets characteristics 

investigation such as tablet weight variation, tablet hardness. In general, tablets should be 

sufficiently hard to resist breaking during packaging, shipment and normal handling yet 

soft enough to dissolve or disintegrate properly. The KCA effervescent tablets in the new 

formulation has to disintegrate very fast once the water is added to form suspension. 

Chapter II evaluates and compares pharmacokinetic parameters of the new 

formulation and Augmentin®, a reference product. In vitro dissolution tests were carried 

out according to USP XXIII paddle method at 37°C. Employing a randomized balanced 

cross over study, preliminary statistical pharmacokinetics analysis was done for 7 subjects. 

Data were analyzed by a two one-sided t-tests. 
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ABSTRACT 

The purpose of this study is to evaluate the chemical stability and potential for a 

unique "tablet-in-a-bottle" suspension formulation. The new suspension formulation 

comprises fast disintegrating clavulanic acid (KCA) tablets with a powder mixture 

containing amoxicillin. Clavulanic acid was surrounded by a press coat outer layer which 

provides separation from amoxicillin. Three different formulations were developed and 

evaluated through stability and humidity tests. Both amoxicillin and clavulanic acid from 

the new formulations showed similar stabilities to Augmentin®. Cracking at the edge of 

the tablets is caused by moisture during exposure to high humidity which is responsible for 

fast degradation of clavulanic acid. However, cracking should not appear and no 

problems are anticipated if tablets are stored properly. Research results show that generic 

formulations B and C are as stable as Augmentin®, have similar appearance, viscosity, 

tastes, and are pharmaceutically equivalent to Augmentin®. 



4 

INTRODUCTION
 

The discovery of penicillin was announced over 60 years ago. It was the first 

P-lactam antibiotic and the importance of this group is greater today than it has ever been. 

The 13-lactam antibiotics include penicillins such as penicillin G, penicillin V, ampicillin, 

cloxacillin and pipercillin; and cephalosporins such as cephalothin, cephaloridine, 

cephalexin and cefaclor; and cephamycins such as ceroxitin. In addition, f3-lactam 

antibiotics include the more recently developed nonclassical structures such as 

monobactams, including aztreonam; clavulanic acid, which is a component of the 

combination drug Augmentin®; and thienamycin, which is chemically transformed into 

imipenem, a component of the combination drug product known as primaxin (or tienam). 

The classical P-lactam antibiotics can be divided into hydrophobic and hydrophilic 

fermentation products. The hydrophobic members, e.g. penicillin G and pencillin V, 

contain non-polar side chains, e.g. phenylacetate and phenoxyacetate, respectively. The 

hydrophilic types are cephalosporins and cephamycins. They all contain polar side chain, 

D-a-aminoadipate. 

Amoxicillin, D±)-a-amino -p-hydroxybenzyl-penicillin trihydrate, is an analog of 

ampicillin derived from the basic penicillin nucleus and has wide-spread therapeutic use. 

Clavulanic acid, Z-(3R, 5R)-2-((3-hydroxyethylidene) clavam-3-carboxylate, is a 

f3-lactam compound which was isolated from the fluid of Streptomyces clavuligerus (1). 

It is a potent inhibitor of plasmid-mediated 13-lactamase, including those produced by 

H. influenzae, S. aureus, N. gonrrhoeae, and Bacteroides fragilis. Clavulanic acid has 

weak antibacterial activity itself (2). However, when combined with other 13-lactam 

antibiotics like amoxicillin, the combination is very active against many bacteria resistant 

to the j3- lactam alone. 

Augmentin® is an oral antibacterial combination consisting of the semisynthetic 

antibiotic amoxicillin and clavulanic acid as the potassium salt. Since clavulanic acid can 

protect amoxicillin from inactivation by f3- lactamase, the amoxicillin/clavulanic acid 

combination is clinically and bacteriologically superior to amoxicillin alone (3). The 
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objective of this research project is to formulate a "tablet-in-a-bottle" suspension 

formulation containing amoxicillin trihydrate and clavulanic acid which will have equal or 

greater stability than the marketed (Augmentin®) suspension while being bioequivalent. 

MATERIALS AND METHODS 

Materials 

Amoxicillin was used as its trihydrate salt (non-compacted, Fairfield, NJ. lot 6453

X5) and clavulanic acid was used as its potassium salt, KCA/Avicel 1:1 (Biocraft, 

Fairfield, NJ lot CKA-91). Appropriate conversions must be made in all calculations. 

Other materials include Imidazole (Sigma Chemical CO. St. Louis, MO. U.S.A. lot 

74H5004), Potassium phosphate, monobasic, (Aldrich Chemical Company, Inc.), 

Methanol (Chromatographic grade, E. Merck, Darmstadt, Germany), Augmentin® 125 

mg/5 ml oral suspension (SmithKline Beecham Pharmaceuticals, Philadelphia, U.S.A.) 

labelled to contain 125 mg amoxicillin and 31.25 mg clavulanic acid as the potassium salt, 

Augmentin® 250 mg/5 nil oral suspension (SmithKline Beecham Pharmaceuticals, 

Philadelphia, U.S.A.) labelled to contain 250 mg amoxicillin and 62.5 mg clavulanic acid 

as the potassium salt. Water was deionized using the Milli-Q® Reagent Water System 

(Millipore, Bedford, MA, U.S.A.). All other chemicals were reagent grade. 

HPLC System 

In this study, two HPLC systems were used as different columns and different 

wavelengths were needed. Also, the mobile phases were slightly different and there were 

a large number of samples running daily. By using two dedicated systems, therefore, 

amoxicillin and clavulanic acid samples could be analyzed simultaneously. 

For amoxicillin, the HPLC system comprised a Waters model M-45 solvent delivery 

system (Waters Associates, Inc., Milford, MA, U.S.A.), a Waters model 441 absorbance 

detector set at 229 nm, and a Waters model 710A WISP automatic sampler for the 

quantitative determination of amoxicillin. Mobile phase, filtered and degased, was 
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pumped through a C18 reverse-phase column (inner diameter 4.6 mm by 25 cm, particle 

size, 5 pm; Rainin Instrument Company, Inc., Woburn , MA) with a flow rate of 

1.3 ml/min. 

For clavulanic acid, the HPLC system comprised a Waters model 590 pump, a 

Waters model 440 absorbance detector set at 313 nm, and a Waters model 710B WISP 

automatic sampler for quantitative determination of clavulanic acid. Mobile phase was 

pumped through a C18 reverse-phase column (inner diameter 4.6 mm by 25 cm, particle 

size, 8 pm; Rainin Instrument Company, Inc., Woburn , MA) with a flow rate of 

2.3 ml/min. 

Absorbance was recorded individually on a Shimadzu CR501 Chromatopac 

(Shimadzu Corporation, Chromatographic & Spectrophotomeric Instruments Division, 

Kyoto, Japan). This integrator has two different channels which can simultaneously 

analyze amoxicillin and clavulanic acid data collected from separate HPLC systems. 

Injection volumes were 20 pl for amoxicillin analysis and 50 pl for clavulanic acid analysis. 

Derivatization Procedure for Clavulanic Acid Assays 

Clavulanic acid (CA) is poorly retained on C18 reverse-phase columns. It was not 

possible to obtain CA peaks distinct from interfering components in human serum or 

plasma samples (4). However, derivatization provided a useful method for 

pharmacokinetic studies on clavulanic acid containing formulations. Degradation kinetics 

of clavulanic acid are different at various pH values and buffer concentrations (5). 

Reaction of the imidazole reagent with CA generated a more stable product absorbing at 

311 nm, which considerably reduced interference from UV-absorbing components in 

human serum and urine (4). 

Imidazole Reagent 

8.25g of imidazole was dissolved in 24m1 deionized water plus 2 ml of 5M HCL. 

The solution was adjusted to pH 6.8 by adding 5M HCL, and made up to 40 ml with 

deionized water. It was stored at room temperature and was stable over 2 to 3 months. 

This reagent was routinely used for the derivatization of clavulanic acid in samples. The 
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sample to be assayed (4 parts) was added to the imidazole reagent (1 part), and 10 min 

reaction time was allowed at room temperature before injection of sample onto the HPLC 

system. 

Mobile Phase and Internal-Standard Solutions 

Mobile phase used for amoxicillin trihydrate was 0.0005M potassium dihydrogen 

orthophosphate in 5% methanol in deionized water. For clavulanic acid (CA), mobile 

phase was 0.001M potassium dihydrogen orthophosphate in 6 % methanol in deionized 

water (adjusted to pH 3.0 with phosphoric acid). Mobile phase was degassed for 30 

minutes before use. Acetaminophen was the internal standard for amoxicillin trihydrate 

and sulfadiazine was the internal standard for clavulanic acid. 50 p1 acetaminophen was 

added to 50 Ill sample solution for amoxicillin analysis. 25 pi imidazole agent was added 

to 100 ttl sample solution containing CA, 10 minutes reaction time was allowed, and 50 

sulfadiazine was then added to the previous solution for clavulanic acid analysis. 

Concentrations of internal standard solutions were 0.01 mg/ml and 0.25 mg/ml for 

acetaminophen and sulfadiazine respectively. Concentrations were adjusted in order to 

achieve an appropriate peak area ratio. 

Standards for Calibration Curve 

Standard calibration curves were constructed by plotting peak-area ratios of 

amoxicillin or clavulanic acid to internal-standard vs. amoxicillin or clavulanic acid 

concentrations. Figure 1.1 gives a typical calibration curve. Linearity between peak-area 

ratios and concentrations was verified by linear regression analysis. Correlation 

coefficients for these curves were greater than 0.99. Unknown concentrations of 

amoxicillin or clavulanic acid were calculated by inverse prediction. The standard 

calibration was repeated weekly, or when new circumstances applied, such as new 

columns, newly prepared internal standard solutions, etc. 
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Figure 1.1 Typical calibration curve for clavulanic acid analyzed HPLC 
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Aqueous Stability of Derivative of Clavulanic Acid 

A solution (6.275 mg/ml) of clavulanic acid in deionized water was prepared. The 

derivatization procedure was followed to form the clavulanic acid derivative which was 

analyzed to determine stability during overnight storage in the HPLC autosampler 

carousel. The time interval for each injection was set at 25 mins. Samples were also 

reinjected after several days storage at room temperature. 

Formulation Design 

Several different strengths for Augmentin® oral suspension are currently available. 

Amcodcillin/clavulanate 200 mg/28.5 mg and 400 mg/57 mg per 5 ml are new on the 

market in 1996. However, Amcodcillin/clavulanate 125 mg/31.25 mg and 250 mg/62.5 

mg per 5 ml, which have been available for many years, are the two strengths studied 

herein. 

Amoxicillin and potassium clavulanate for oral suspension are defined in the USP to 

contain the equivalent of not less than 90% and not more than 120% of the labeled 

amount of amoxicillin, and the equivalent of not less than 90% and not more than 125% of 

the labeled amount of clavulanic acid. 

Initially, it was assumed that Augmentin® would contain an overage as allowed by 

USP (6). Thus, formulation A was prepared with the maximum allowable overage in 

anticipation that it would be an easy matter to later adjust the active ingredient content. 

Thus, for the suspension containing 125 mg/5 ml of amoxicillin, maximum overage (20%) 

was added which result in use of 2.58 g amoxicillin trihydrate per bottle containing 75 ml 

of suspension following reconstitution. Likewise, maximum overage (25%) of clavulanic 

acid was added, (1.4 g potassium clavulanate/Avicel 1:1 mixture). For the amoxicillin 

250 mg/5 ml strength, amounts of both potassium clavulanate/Avicel 1:1 and amoxilcillin 

trihydrate were double the amounts in the 125 mg/5 ml suspension. 

These new formulations contain two parts, a potassium clavulanate (KCA) tablet 

and an amoxicillin dry powder blend. The KCA tablet is composed of a core and an outer 

layer which surrounds the core. Potassium clavulanate is the main ingredient in the core. 

The surrounding outer layer (composed mostly of Avicel PH 112) is to ensure KCA was 

http:mg/31.25
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separated from amoxicillin in the powder mixture. Magnesium stearate was used as a 

lubricant, and Explotab® was included to help disintegration. 

Clavulanic acid and its pharmaceutically acceptable salts are very moisture sensitive 

and degrade over time to inactive by-product. Therefore, dosage forms for administering 

both clavulanic acid and amoxicillin must be carefully designed so as to maximize their 

storage lives. 

Clavulanic acid, which is a penicillin derivative, may also undergo polymerization 

degradation, whereby once a clavulanic acid molecule has degraded as a result of contact 

with water, in a type of chain reaction, it has a tendency to attack neighboring clavulanic 

acid molecules to cause further degradation. This concept is supported by the results of 

Tu, et al who reported that dilute mixtures of clavulanic acid are more stable than more 

concentrated ones (7). In a dilute mixture the clavulanic acid molecules are spread farther 

apart from each other than in a concentrated mixture, which can slow polymerization 

degradation. All commercially available forms of clavulanic acid contain the clavulanic 

acid intimately mixed with other active ingredients. Crowley reports that mixtures of 

clavulanic acid and amoxicillin have enhanced storage stability (10). In the new two part 

formulations reported herein, the clavulanic acid particles are compressed close together 

but completely separated from the amoxicillin. This approach allows investigation of the 

above degradation concepts as discussed in the results section. 

Initial Formulation (Formulation A) 

Tables 1.1 and 1.2 give ingredients and amounts used for potassium clavulanate 

(KCA) tablets and powder mix. A circular die of 0.9 cm diameter was filled manually with 

the powder mixture of the core and compressed using a small hand held Vankel press. 

About half of the mixture for the outer layer was added into a circular die of 1.26 cm 

diameter. The precompressed core was then placed in the center of the die. The residual 

outer layer mixture was added, and compressed also by using the Vankel press. 
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Table 1.1 Ingredients and amounts used for KCA tablet of formulation A 

KCA press coat tablet:
 

(4 tablets in 125 mg/5 ml strength bottle, 8 tablets in 250 mg/5 ml strength bottle)
 

*Potassium clavulanatelAvicel 1:1 mix, 82.3% content' 350 mg 

Magnesium stearate 30 mg 

Explotab® 120 mg 

total=500 mg 

Avicel pH112	 200 mg 

Explotab®	 50 mg 

total=250 mg 

Overall total=750 mg 

*Amount used was equivalent to clavulanic acid 31.25 mg/5 ml plus 25% overage
 

'The purity of clavulanic acid based on assay and correction for the potassium salt is 82.3%
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Table 1.2 Ingredients and amounts used for powder mix of formulation A 

Powder Mix: 

*Amoxicillin trihydrate, 

non compacted, 86.9% content 2.58 g 5.16 g 

Avicel pH112 7.67 g 6.695 g 

Explotab® 150 mg 150 mg 

Xanthan gum 150 mg 150 mg 

Sodium citrate 100 mg 100 mg 

Sodium benzoate 50 mg 50 mg 

Sodium saccharin 50 mg 50 mg 

Succinic acid 25 mg 25 mg 

Flavor 20 mg (banana) 20 mg (orange) 

TOTAL (including tablets) 14g 16g 

*Amount used was equivalent to amoxicillin 125 mg/5 ml (or 250 mg/5 ml) plus 20% overage 

'The purity of amoxicillin based on assay and correction for triydrate is 86.9% 

Tablet Hardness and Friability for Formulation A 

Hardness of each core and finished tablet was determined by a Strong Cobb Tablet 

Hardness Tester. An average of six readings was taken to determine the final hardness. 

The normal hardness limits are greater than 4 Kg. Table 1.3 gives the results of tablet 

hardness. 
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Table 1.3 Results of tablet hardness test for formulation A 

Tablet No: Core (Kg) 

1 1.0625 

2 1.2500 

3 1.0000 

4 0.9375 

5 1.8125 

6 0.8125 

Mean ± SD 1.1458 ± 0.3572 

.41°Ato
Finished tablet' 

0.5000 

0.6875 

0.5625 

0.5625 

0.6875 

0.9375 

0.6563 ± 0.1569 

Friability of each core and finished tablet was determined by a Vankel Vanderkamp 

Friability Tester. Six tablets were weighed before and after 100 rpm. Normal limits for 

friability loss are 1%. 

Table 1.4 Results of friability for formulation A 

core finished tablet, 

before 2.9854 g 4.3705 g 

after 2.8844 g 2.7811 g 

% lost 3.38% 36.37% 

Hardness and friability for formulation A were very poor due to the fact that the 

pressure which can be applied with the Vankel press is not as high as desired. Large 

variance among the six readings for the core tablet is shown in Table 1.3. The small hand 

held Vankel press was initially useful to find a suitably sized punch and die, but produced 

very soft, friable tablets. Hardness and friability have been improved in formulation B. 
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Tablet Weight Uniformity 

USP weight variation test requirements are that no more than 2 out of 20 tablets are 

outside ±5% of mean weight. 20 core tablets and 20 finished tablets were weighed, and 

within USP limits as shown below: 

Table 1.5 Weight of core tablet of formulation A 

0.4937 g 0.4913 g 0.4953 g 0.4882 g 0.4810 g 

0.4896 g 0.4925 g 0.4937 g 0.4892 g 0.4980 g 

0.4872 g 0.4921 g 0.4878 g 0.4891 g 0.4907 g 

0.4858 g 0.4902 g 0.4949 g 0.4825 g 0.4871 g 

Mean ± SD: 0.4900 ± 0.0042 g 

Table 1.6 Weight of finished tablet of formulation A 

0.7483 g 0.7426 g 0.7331 g 0.7329 g 0.7387 g 

0.7425 g 0.7301 g 0.7258 g 0.7413 g 0.7318 g 

0.7476 g 0.7482 g 0.7413 g 0.7462 g 0.7458 g 

0.7392 g 0.7458 g 0.7478 g 0.7445 g 0.7472 g 

Mean± SD: 0.7410 ± 0.0069 g 

Flow Properties for Formulation A 

Flow properties of powders are critical for an efficient tabletting operation. A good 

flow of the powder or granulation to be compressed is necessary to ensure efficient mixing 

and acceptable weight uniformity for compressed tablets. For most pharmaceutical 

powders, the angle of repose values range from 25° to 45°, with lower values indicating 

better flow characteristics (8). If the angle of repose is more than 40°, this represents 

poor flow properties. From Table1.7, the flow properties are reasonably good. 
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Table 1.7 Flow properties for formulation A 

angle of reposei.: 

core tablet powder 29.9° 

outer layer powder 25.1° 

dry powder blend 

125 mg/5 ml 32.8° 

250 mg/5 ml 36.6° 

Formulation B 

All ingredients remained the same as formulation A, differing only in quantity. 

Magnesium stearate, used as a lubricant, was found to slow disintegration. The amount 

was then decreased for the core of formulation B to produce improved disintegration. 

KCA tablet for formulation B is slightly larger than the one for formulation A. A circular 

die of 1.26 cm diameter (instead of 0.9 cm as used for formulation A) was filled manually 

with the powder mixture of the core and compressed using a small hand held Vankel 

press. For the outer layer, about half of the mixture for the outer layer was added into a 

circular die of 1.59 cm diameter, instead of 1.26 cm as used for formulation A. The 

precompressed core was placed in the center of the die. The residual mixture was added. 

A Carver Laboratory Press Model B (Fred S. Carver Inc. Summit, N.J. U.S.A.) was 

utilized at 1000 lbs compression force with a dwell time of 5 seconds to produce the final 

tablets. 
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Table 1.8 Ingredients and amounts used for KCA tablet of formulation B 

KCA tablet:
 

( 4 tablets in 125 mg/5 ml strength bottle, 8 tablets in 250 mg/5 ml strength bottle)
 

Core tablet: 

*Potassium clavulanate/Avicel 1:1 mix, 82.3% content' 350 mg 

Magnesium stearate 10 mg 

Explotab® 40 mg 

total=400 mg 

Outer layer: 

Avicel pH112 288 mg 

Explotab® 12 mg 

total=300 mg 

Overall total=700 mg 

*Amount used was equivalent to clavulanic acid 31.25 mg/5 ml plus 25% overage 

a The purity of clavulanic acid based on assay and correction for the potassium salt is 82.3% 
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Table 1.9 Ingredients and amounts used for powder mix of formulation B 

Powder Mix: 

*Amoxicillin trihydrate, 

non compacted , 86.9% content a 2.58 g 5.16 g 

Avicel p1112 8.08 g 4.7 g 

Explotab® 150 mg 150 mg 

Xanthan gum 150 mg 150 mg 

Sodium citrate 100 mg 100 mg 

Sodium benzoate 50 mg 50 mg 

Sodium saccharin 50 mg 50 mg 

Succinic acid 30 mg 30 mg 

Flavor 5 mg (banana) 5 mg (orange) 

TOTAL (including tablets) 14g 16g 

*Amount used was equivalent to amoxicillin 125 mg/5 ml (or 250 mg/5 ml) plus 20% overage 

a The purity of amoxicillin based on assay and correction for triydrate is 86.9% 

Tablet Hardness and Friability for Formulation B 

Hardness of each core and finished tablet was determined by a Strong Cobb Tablet 

Hardness Tester. An average of six readings were taken to determine the final hardness. 

The normal hardness limits are greater than 4 Kg. Table 1.10 shows results of tablet 

hardness tests for formulation B. The hardness of finished tablets was improved greatly 

(compared with 0.6563 kg of formulation A) since 1000 lbs compression force can be 

applied using a Carver Laboratory Press. However, hardness of core tablets was 

decreased to about 50% of that of formulation A. The amount of material in the core 

tablet was reduced while the size of the punch and die were larger, producing core tablets 

for formulation B which were thinner, more fragile, and more friable. 
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Table 1.10 Results of tablet hardness test for formulation B 

r inii ed tab 
d xii°,9 

1 0.6250 5.2500
 

2 0.5000 6.3125
 

3 0.3125 6.2500
 

4 0.5000 6.1250
 

5 0.5625 6.6875
 

6 0.5000 4.8125
 

Mean ± SD 0.5000 ± 0.1046 5.9063 ± 0.7167
 

Friability of each core and finished tablet was determined by a Vankel Vanderkamp 

Friability Tester. Six tablets were weighed before and after 100 rpm. The normal limit for 

friability loss is 1%. 

Table 1.11 Results of friability for formulation B 

after 1.432 g 0.1924 g
 

% lost 40.3% 0.17%
 

Tablet Weight Uniformity 

USP weight variation test requirements are that no more than 2 out of 20 tablets is 

outside ±5% of mean weight. 20 core tablets and 20 finished tablets were weighed, and 

these tablets were within USP limits. The data are as follows. 
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Table 1.12 Weight of core tablet of formulation B 

0.3947 g 0.3974 g 0.3989 g 0.3996 g 0.3962 g 

0.3990 g 0.3996 g 0.3996 g 0.3922 g 0.3950 g 

0.3991 g 0.3975 g 0.3972 g 0.3984 g 0.3981 g 

0.3887 g 0.3992 g 0.3982 g 0.3972 g 0.3982 g 

Mean ± SD: 0.3972 ± 0.0028 g 

Table 1.13 Weight of finished tablet of formulation B 

0.6906 g 0.6932 g 0.7004 g 0.6951 g 0.6934 g 

0.6943 g 0.6961 g 0.6855 g 0.6971 g 0.6756 g 

0.6926 g 0.6942 g 0.6984 g 0.6883 g 0.6943 g 

0.6985 g 0.6680 g 0.6917 g 0.6963 g 0.6828 g 

Mean ± SD: 0.6913 ± 0.0080 g 

Flow Properties for Formulation B 

All flow properties were pretty similar to formulation A except the angle of repose 

for the outer layer powder was larger. The outer layer powder of formulation B had a 

higher percentage of Avicel PH 112. Because of this, the angle of repose of the outer 

layer powder for formulation B is very close to 34.10, which is the angle of repose of 

Avicel PH 112. 

Table 1.14 Flow properties for formulation B 
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Formulation C 

From an economical point of view, reducing the number of tablets in each bottle will 

save production time and money. The KCA tablet formulation was modified to reduce the 

tablet number to half of previous formulations, which means the amount in each tablet will 

be twice as much as before. Usually, as compression force is increased, disintegration 

time is longer (9). These new larger tablets must be not only hard enough to meet the 

hardness criteria, but also disintegrate fast enough to quickly form a suspension. Even 

though KCA tablets for formulations A and B work quite well, they did not disintegrate 

rapidly enough when larger tablets containing twice as much powder were produced. An 

effervescent KCA tablet was therefore developed in formulation C. 

Effervescence is defined here as the evolution of bubbles of gas in a liquid as the 

result of chemical reaction. It provides a pleasant taste due to carbonation which helps 

mask the taste of objectionable medicaments (10). This reaction proceeds spontaneously 

when acid and carbonate components are mixed in water. 

To make an effervescent tablet, sodium bicarbonate and succinic acid were added 

into the KCA tablet. The ratio was selected to produce a final pH of 5.2 which provides 

excellent drug stability as discussed later. Sodium bicarbonate is the major source of 

carbon dioxide in effervescent systems. It is completely soluble in water, nonhygroscopic 

and inexpensive. Succinic acid has been reported to be used as a tablet lubricant (11). 

Pruv® (sodium stearyl fumarate) can also be used as a lubricant instead of magnesium 

stearate, and has less effect to slow tablet disintegration. Explotab® was removed from 

the formulation (which makes the tablets smaller) since carbon dioxide will be produced to 

effect disintegration. 

A Carver Laboratory Press Model B (Fred S. Carver Inc. Summit, N.J. U.S.A.) was 

applied with 1000 lbs compression force for one minute to make the core tablet and 3000 

lbs for one minute for the outer layer surrounding the KCA tablet. A Natoli .5512 punch 

and die (1.4 cm diameter) and a Holland 5/8 punch and die (1.6 cm diameter) were used 

for the core and outer layer respectively. 
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Table 1.15 Ingredients and amounts used for KCA tablet of formulation C 

KCA tablet:
 

( 2 tablets in 125 mg/5 ml strength bottle, 4 tablets in 250 mg/5 ml strength bottle)
 

Core tablet: 

*Potassium clavulanate/Avicel 1:1 mix, 82.3% content' 626.52 mg 

Sodium bicarbonate 42.7 mg 

Succinic acid 30 mg 

Pruv® 7 mg 

total=706.22 mg 

Outer layer: 

Avicel pH112 495 mg 

Pruv® 5 mg 

total=500 mg 

Overall total=1206.22 mg 

*Amount used was equivalent to clavulanic acid 31.25 mg/5 ml plus 10% overage
 

'The purity of clavulanic acid based on assay and correction for the potassium salt is 82.3%
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Table 1.16 Ingredients and amounts used for powder mix of formulation C 

Powder Mix: 

*Amoxicillin trihydrate, 

non compacted, 86.9% content 2.373 g 4.747 g 

Avicel pH112 8.825 g 6.038 g 

Xanthan gum 150 mg 150 mg 

Sodium citrate 100 mg 100 mg 

Sodium benzoate 50 mg 50 mg 

Sodium saccharin 50 mg 50 mg 

Succinic acid 30 mg 30 mg 

Flavor 10 mg (banana) 10 mg (orange) 

TOTAL (including tablets) 14g 16g 

*Amount used was equivalent to amoxicillin 125 mg/5 ml (or 250 mg/5 ml) plus 10% overage 

'The purity of amoxicillin based on assay and correction for triydrate is 86.9% 

Tablet Hardness and Friability for Formulation C 

Hardness of each core and finished tablet was determined by a Strong Cobb Tablet 

Hardness Tester. An average of six readings were taken to determine the final hardness. 

The normal hardness limits are greater than 4 Kg. 

Friability of each core and finished tablet was determined by a Vankel Vanderkamp 

Friability Tester. Six tablets were weighed before and after 100 rpm. The normal limit for 

friability loss is 1%. 
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Table 1.17 Results of tablet hardness test for formulation C 

Tablet No: Core tablet (Kg) Finished tablet (Kg) 

1 3.750 *did not break 

2 5.000 did not break 
1 

3 4.375 did not break 

4 6.250 did not break 

5 4.375 did not break 

6 4.375 did not break 

Mean ± SD 4.68750 ± 0.8615 

*The maximum reading of a Strong Cobb Tablet Hardness Tester is 17.5 Kg. 

Table 1.18 Results of friability for formulation C 

core: finished tablet 

before 4.2338 g 7.1769 g 

after 4.2027 g 7.1633 g 

I %lost 0.73% 0.19 % 

Tablet Weight Uniformity 

USP weight variation test states that no more than 2 out of 20 tablets is outside ±5% 

of mean weight. 20 core tablets and 20 finished tablets were weighed. These tablets are 

within USP limits and the data are as follows. 

Table 1.19 Weight of core tablet of formulation C 

0.7054g 0.7050 g 0.7064 g 0.7064 g 0.7045 g 

0.7053 g 0.7062 g 0.7064 g 0.7061 g 0.7053 g 

0.7050 g 0.7055 g 0.7056 g 0.7065 g 0.7048 g 

0.7056 g 0.7064 g 0.7059 g 0.7046 g 0.7049 g 

Mean ± SD: 0.7056 ± 0.0007 g 
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Table 1.20 Weight of finished tablet of formulation C 

1.1956 g 1.1966 g 

1.1960 g 1.1991 g 

1.1950 g 1.1952 g 

1.1971 g 1.1935 g 

Mean ± SD: 1.1962 ± 0.0045 g 

1.1968 g 

1.1982 g 

1.1949 g 

1.1937 g 

1.1958 g 

1.1984 g 

1.2115 g 

1.1866 g 

1.1952 g 

1.1924 g 

1.1949 g 

1.1976 g 

Table 1.21 Flow properties for formulation C 

core tablet powder 

outer layer powder 

dry powder blend 

125mg/5m1 

250mg/5m1 

33.52 

37.59 

36.24 

38.12 

Table 1.22 Individual flow properties for ingredients used in formulation C 

ir I an e: 

Clavulanic acid/ Succinic acid 27.40 

Avicel 1:1 mix 23.10 Sodium bicarbonate 31.40 

Amoxicillin trihydrate 39.59 Sodium citrate 45.80 

Avicel pH112 34.10 Sodium benzoate 32.44 

PRUV® 46.10 Sodium saccharin 40.35 

Flavor (orange) 8.30 Xanthan gum 24.50 
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Formulation Stability Study 

Six each of commercially available Augmentin® 125 mg/5 ml and 250 mg/5 ml 

powders for suspensions were reconstituted with 67 ml and 65 ml deionized water 

respectively, and refrigerated between assays. The procedures were also applied to 

formulations A, B and C to form 75 ml reconstituted suspension in each case. 

For formulation A, 1 ml was removed from each reconstituted suspension and 

diluted with 5 ml water (this is the solution used for measuring pH). After solution was 

well mixed, 25 pl was then taken and 6 ml water added, which produced the final diluted 

solution. 25 pl imidazole reagent was then added to 100 pl of the final diluted solution. 

10 minutes reaction time was allowed and then 50 ill internal standard was added for CA 

analysis. For amoxicillin, 25 pl final diluted solution was added to 25 pl water. 50 pl 

internal standard was then added. After samples were taken, suspensions were 

immediately returned to the refrigerator until the next sampling. For data analysis, a peak 

area method was used to calculate drug concentration. Concentration was expressed as 

mg per 5 ml. 

For formulation B, dilution steps were modified to decrease potential errors caused 

by dilution. 1 ml was removed from each reconstituted suspension and diluted with 5 ml 

water (this is also the mixture for pH measurement). 1 ml was added to 5 ml water and 

mixed well. 50 ul was withdrawn from the well mixed solution and added to 1 ml water. 

This was the final sample for amoxicillin and clavulante analysis. Analysis procedures 

were the same as described above. 

High Humidity Study 

Saturated calcium sulfate solution was used to maintain the relative humidity at 70% 

(13) in a closed system, and was monitored daily. This closed system was a 20x 10.5x 12 

glass fish tank, and the top was covered with plastic. Formulation B was chosen to be the 

experimental formulation since formulation C was not yet developed. All comparisons 

were performed with Augmentin® as reference. 



26 

10 bottles of Augmentin® and Formulation B each (125 mg/5 ml strength, 75 ml) 

were opened and stored in a humidity tank through the whole study period. Samples were 

analyzed daily using the method described below. 

One bottle of Augmentin® and Formulation B each were removed from the humidity 

tank, 67 ml deionized water was added for reconstitution. After 5 minutes shaking, 5 ml 

was withdrawn from the sample bottle and dispensed into a 100 ml volumetric flask, which 

was then filled to the mark with deionized water . A stirring bar was used to aid the 

dissolution of amoxicillin. 40 minutes later, lml sample was removed to a glass test tube 

and mixed with 10 ml deionized water. This final sample was examined by HPLC. 

Low Humidity Study I 

In the 70% relative humidity study, clavulanic acid was totally degraded within 4 

days. To obtain additional stability data, a lower humidity test was conducted. A low 

humidity tank was constructed using calcium carbonate saturated solution, which provided 

45% relative humidity (12). In addition to Augmentin 414 and formulation B, another 10 

bottles of formulation B with no clavulanic acid were also included in this test. Also, the 

overage of clavulanic acid was decreased to 10% and no overage of amoxicillin was 

added. 6 samples total for each formulation were assayed to obtain mean and standard 

deviation data. All analysis steps and conditions were the same as in the high humidity 

study. 

Low Humidity Study II 

A low humidity (45% relative humidity) study was conducted for formulation C (125 

mg/5 ml strength, 75 ml) also. Instead of using only 5 ml suspension for each assay, the 

entire 75 ml of suspension was dispensed into a 500 ml volumetric flask (to increase assay 

accuracy). After stirring 40 minutes, 1 ml was transferred to a test tube with 5 ml water. 

1 ml of this diluted solution was withdrawn from the test tube and added to 5 ml water. 

This is the final sample for HPLC analysis. In addition to Augmentin ® and formulation 

C, Powder formulation was also tested in this study. The Powder formulation contained 
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all ingredients in formulation C but all were in powder form rather than the KCA being 

tableted. This approach is the same as is used in Augmentin®. 

RESULTS AND DISCUSSION 

Basically, ingredients used in formulation B are the same as formulation A, except 

the percentage of each ingredient is slightly different. More succinic acid was added in 

formulation B to lower the initial pH of the suspension following reconstitution from pH 

6.3 to pH 5.2, which resulted in clavulanic acid being more stable. A Vankel press was 

initially used to find a suitably sized punch and die. Resulting core or finished tablets 

using this press are not hard enough. However, a Carver Laboratory Press Model B (Fred 

S. Carver Inc. Summit, N.J. U.S.A.) was used for the outer layer for formulation B and 

results were acceptable. Hardness and friability for both core and outer layer of 

formulation C were greatly improved for the same reason (see Tables 1.17 and 1.18). 

Several different shapes of punches and dies such as round, flat plain, standard 

concave, caplet (either flat or straight through bisect) were investigated to determine the 

best tablet configuration for KCA tablets. A round shape was selected as best with 

respect to both manufacture and centration. Improper centration of the core either 

vertically or horizontally produces weak edges and the coating will not hold together. 

Proper core placement is most easily accomplished with round tablets. 

Aqueous Stability of Imidazole Derivative of Clavulanic Acid 

Figure 1.2 shows the stability profile for the derivative of clavulanic acid at room 

temperature. Figures 1.3, 1.4 and 1.5 show the degradation trend and variation with 

repeated, close time sampling. The concentration decreased from 100% to 90% in about 

14 hours and to about 65% in one and half days. In 6.5 days, only 30% remained. Figure 

1.6 shows a linear first order degradation plot of the clavulanate derivative. The first 

order rate constant for degradation using data in Fig 1.6 is 0.0159 hr-1 and the half life is 

43.6 hr. This derivative does degrade but is more stable than clavulanic acid when 
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buffered at pH 6.39, which is the pH of maximum stability for clavulanate (5). Figure 1.3 

is the most important figure when considering assay of clavulanate in the current study. 

Once samples have been collected from the suspensions for assay, even when there are six 

separate suspensions for each of four formulations, all samples are completely assayed 

within six hours. Thus, the derivative is used to assay for clavulanate since the derivative 

is sufficiently stable during HPLC "run times", but non-derivatized clavulanate degrades 

more rapidly. 
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Formulation Stability Study 

pH is also an important factor influencing the stability of amoxicillin and clavulanate 

following reconstitution of Augmentin® suspension. For this reason, pH values of all 

formulations were recorded daily to calculate the mean pH and standard deviation of four 

formulations (Augmentin® 125 mg/5 ml and 250 mg/5 ml, formulation A 125 mg/5 ml 

and 250 mg/5 ml). Figure 1.7 shows the pH of each formulation was fairly constant. 

Initial pH values of formulation A, however, were slightly higher than Augmentin®. In 

the next formulation, (formulation B), succinic acid was added to lower the initial pH and 

act as a buffer to maintain the pH constant. 

Figure 1.8 shows a comparison of assayed amoxicillin content in Augmentin® and 

formulation A, which contained the maximum USP allowed drug overage. Figure 1.8 also 

shows that the assay results are too variable, suggesting that a change in assay technique is 

required. The first sample time results show that Augmentin® contains an average about 

245 mg/5 ml of amoxicillin for the 250 mg/5 ml suspension, and 128 mg/5 ml for the 125 

mg/5 ml suspension. That is, Augmentin® contains about the labeled amount of 

amoxicillin rather than an overage, and an overage is not needed to produce an equivalent 

product. Figure 1.9 shows the data of Figure 1.8 scaled to expected values if the 

formulation A had contained the same initial amount of amoxicillin as Augmentin®. 

Figure 1.9 suggests that amoxicillin stability is the same after reconstitution of the new 

formulation and Augmentin®. 

For clavulanic acid, 125 mg/5 ml strength for formulation A and Augmentin® show 

very similar stabilities (Figure 1.10). However, assay results for 250 mg/5 ml strength are 

erratic and unacceptable. The 25% overage included in formulation A is only seen at two 

time points and variation around each sample point is excessive. It is believed that the 

large variation is related to the assay sample size being too small relative to the dilution 

factor for these suspension dosage forms. Because the general shape of averaged data for 

the lines in Figure 1.9 and 1.10 are the same for formulation A and Augmentin® 

suspension formulations, it is concluded that the products are equally stable. 
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Figure 1.8 Amoxicillin stability of formulation A vs Augmentin® 
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Figure 1.10 Clavulanic acid stability of formulation A vs Augmentin® 



39 

As mentioned previously, more succinic acid was added in formulation B than in 

formulation A to lower the initial pH value. Figure 1.11 shows that initial and long term 

pH values of formulation B are extremely close to Augmentin® for both strengths of 

suspension. 

Figures 1.12 and 1.13 compare the amoxicillin and clavulanic acid contents over 16 

days following reconstitution of Augmentin® and formulation B. Day 0 data of both 

strengths of Augmentin® are lower than labeled amount. However, this did not occur 

after day zero. Again, assay results are considered too variable while the average values 

for each drug show the same general pattern for the stability profile for both formulations 

(Figure 1.12 and 1.13). From these data, formulation B is equivalent in stability to 

Augmentin®. 

Figure 1.14.a and 1.14.b illustrate the appearance of formulation B compared to 

Augmentin® after 20 days storage in the refrigerator at 4°C. In all cases, the mixture 

remains well suspended. At time zero (not shown in the photograph), both Augmentin® 

and formulation B suspension gave the same white to slightly off -white color in spite of 

the fact that Augmentin® contains a coloring dye and B does not. After about 10 days, 

Augmentin® suspension is consistently darker than the formulation B suspension. Figures 

1.14.a and 1.14.b show the color difference between Augmentin® and the B suspension 

after 20 days of refrigeration. Color change is generally perceived by pharmacists and 

patients/public as being consistent with some breakdown or degradation processes and is 

considered undesirable. The new suspension B shows only a slight color change for the 

higher strength which is virtually undetectable for the lower strength. 
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Figure 1.12 Amoxicillin stability of formulation B vs Augmentin® 
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Figure 1.13 Clavulanic acid stability of formulation B vs Augmentin® 
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Figure 1.14.a Amoxicillin/clavulanate suspension appearance immediately after shaking 
and storage at 4°C for 20 days 
BLUE Augmentin® 125 mg/ 5 ml suspension 
YELLOW--Generic 125 mg/ 5 ml suspension 
PINK--AugmentinG 250 mg/ 5 ml suspension 
RED--Generic 250 mg/ 5 ml suspension 



Figure 1.14.b Amoxicillin/clavulanate suspension appearance immediately after shaking 
and storage at 4°C for 20 days, then a further 24 hours undisturbed 
BLUE -- Augmentin® 125 mg/ 5 ml suspension 
YELLOW--Generic 125 mg/ 5 ml suspension 
PINK--Augmentin® 250 mg,/ 5 ml suspension 
RED--Generic 250 mg/ 5 ml suspension 
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Humidity Studies 

The 20% overage of amoxcillin in formulation B is shown clearly in Figure 1.15, 

which shows amoxicillin stability at 70% relative humidity for formulation B and 

Augmentin®. After correction for the overage, amoxicillin curves of Augmentin® and 

formulation B were almost identical (Figure 1.16). Figure 1.17 reveals that clavulanic acid 

was degraded quickly for both formulation B and Augmentin®. When exposed to 45% 

relative humidity, the amoxicillin stability curves for formulation B and Augmentin® are 

approximately parallel (Fig.1.18). AMOX 125, which is formulation B with no clavulanic 

acid, is also stable during the entire test period (Fig.1.18). However, the amount is more 

than expected since no overage of amoxicillin was added. Because there were no KCA 

tablets included in the AMOX 125 formulation, the total volume of suspension was less 

than 75 ml. After appropriate correction for volume, the data become more acceptable 

(Fig.1.19). These data suggest that KCA has no effect on amoxicillin stability since 

inclusion of KCA in the mixture (Augmentin® 125 mg/5 ml) and exclusion (AMOX 125 

and formulation B, where the KCA is kept separate by being in a tablet surrounded by an 

inert layer) show essentially the same stability profiles for amoxicillin. 

Once bottles were placed in a humidity tank, KCA tablets reported herein usually 

will have edge cracking within one or two days, probably due to the rapid expansion of 

Avicell in conditions of high humidity. When moisture penetrates into the core tablet 

through cracking, the tightly packed KCA degrades faster than the loose powder form in 

Augmentin®. This explains clavulanic acid stability curves shown in Figure 1.20 and is 

consistent with a hypothesis of neighboring group interaction wherein degraded 

clavuanate promotes degradation of other nearby clavulanate molecules in the presence of 

moisture. 

Formulation C is the last modified formulation investigated in this study. 

Amoxicillin shows almost identical stability results in three experimental formulations 

exposed to low humidity for ten days (Fig.1.21). Figure 1.22 illustrates that for clavulanic 

acid degradation, once again KCA compressed inside core tablets degrades faster than 

KCA mixed in the powder form tested. This increase in degradation does not occur until 

the tablet edges crack and moisture penetrates into the core. 

http:Fig.1.21
http:Fig.1.19
http:Fig.1.18
http:Fig.1.18
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The effect of including stearic acid in the outer layer of KCA tablets was investigated 

at low humidity. This study was to determine if stearic acid can improve the stability of 

clavulanic acid by delaying cracking at the edge of outer layer for KCA tablets. Two 

experimental formulations (125 mg/5 ml strength, 75 ml) were included. One contained 

KCA tablets and one did not. 50 mg of stearic acid was added to the outer layer of each 

KCA tablet. For the formulation with no tablets, 200 mg of stearic acid totalwas added 

into the powder since 4 KCA tablets were needed to make 125 mg/5 ml strength. Other 

ingredients and amounts were the same as formulation C. Analysis procedures were the 

same as described in low humidity study II. 

According to Figure 1.23, the presence of stearic acid has no effect on the stability 

of amoxicillin. In both formulations, amoxicillin shows identical stabilities. Note that in 

Figure 1.22, the KCA is less stable in the tablet than when mixed in powder but in Figure 

1.24 the KCA in the tablet is equally stable with the mixed powder. Degradation of KCA 

in the core may be delayed because stearic acid prevented cracking at the edge of KCA 

tablets so that moisture cannot penetrate into the core tablet as easily. This suggested that 

formulations containing KCA separated from amoxicillin can be equally stable so long as 

moisture penetration into the clavulanate can be avoid. Thus manufacture and packing 

under low humidity can produce stable product. However, those tablets with stearic acid 

did not disintegrate fast enough to form an acceptable suspension. Further research 

efforts are needed in this area which could include additional disintegration agents in the 

outer layer. 
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Figure 1.15 Amoxicillin profile in high humidity study (single point assay without 

replication) 
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Figure 1.16 Amoxicillin profile in high humidity study (corrected) 
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Figure 1.17 Clavulanic acid profile in high humidity study 
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Figure 1.18 Amoxicillin profile in low humidity study I
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Figure 1.19 Amoxicillin profile in low humidity study I (corrected) 
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Figure 1.20 Clavulanic acid profile in low humidity study I 
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Figure 1.21 Amoxicillin profile in low humidity study II 
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Figure 1.22 Clavulanic acid profile in low humidity study II 
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Figure 1.23 Amoxicillin profile for effect of stearic acid on tablet 
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Figure 1.24 Clavulanic acid profile for effect of stearic acid on tablet 
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CONCLUSIONS
 

Formulations B and C are unique formulations for suspension, consisting of fast 

disintegrating tablets in a powder blend. Following reconstitution, they are as stable as 

Augmentin® suspension. Based on the data obtained, both formulations have similar 

appearance, viscosity, taste, and are pharmaceutically equivalent to Augmentin®. After 

10 days, the generic suspension retains its original color while Augmentin® darkens 

significantly. KCA can be physically separated from amoxicillin and be equally as stable as 

when intimately mixed with amoxicillin. 
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ABSTRACT
 

A new formulation of a suspension containing 250 mg amoxicillin as the trihydrate and 

62.5 mg clavulanic acid as the potassium salt was developed. Pharmacokinetic parameters 

were compared with respect to in vitro release rates and in vivo urinary excretionrates of 

amoxicillin and clavulanic acid. In vitro dissolution profiles were determined for the new 

formulation and Augmentin® at 25 rpm and 75 rpm. A randomized two-way crossover 

bioequivalence study was designed to evaluate the bioavailabilities of both formulations in 

seven healthy human volunteers (5 men and 2 women) between 20 and 36 years of age 

(mean 26 years) and weighing between 110 and 235 pounds (mean 158 pounds). Cmax, 

Tmax and AUC0, of amoxicillin were within ±20% of the reference pharmacokinetic 

values. However, Cmax and Tmax of clavulanate were not within ±20%. Bioeqivalence 

between this new suspension formulation and a marketed product Augmentin® were 

evaluated using a two one-sided t-test. There is not sufficient statistical support with this 

test to conclude that the two products are bioequivalent. However, this is most likely due 

to small sample size and high intersubject variation and statistical support for 

bioequivalence is expected in a larger study group. 
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INTRODUCTION
 

After administration of various single doses of amoxicillin and clavulanic acid alone 

or in combination to healthy subjects, amoxicillin is excreted largely unchanged in urine 

with a mean 6-hour recovery of intact drug of about 60 to 80%, while clavulanic acid is 

more extensively metabolized and mean 6-hour urinary recovery of intact drug is about 30 

to 50% (1,2,3,4,5). Clavulanic acid appears in urine faster than amoxicillin and is excreted 

by glomerular filtration. However, amoxicillin is excreted mainly by tubular secretion. 

Pencilloic and penamaldic acids, the hydrolysis products of the P-lactam ring, are the 

major metabolites of amoxicillin which are also excreted in urine (6). The 13-lactam ring of 

clavulanic acid is hydrolyzed with subsequent decarboxylation, yielding 1-amino-4

hydroxyutan-2-one as a major metabolite. 

Since suspensions were used mostly in paediatric patients, pharmacokinetic variables 

for children are very important. In general, the pharmacokinetic profile of amwdcilln and 

clavulanic acid in children paralleled those in adults. Mean pharmacokinetic variables 

were the same as in adults, indicating similar patterns of absorption and excretion. 

Coadministration of amoxicillin/clavulanic acid with food, milk, antacids, cimitidine, 

ranitidine or pirenzepine did not lead to any pharmacokinetic interaction in healthy 

subjects. No statistically significant effect on absorption was noted during 

coadministration with food (2,3,7,8,9), milk (9), pirenzepine or ranitidine (10). Therefore, 

Augmentin® may be administrated without regard to meals. However, the frequency of 

gastrointestinal adverse effects appears related to the dosage of clavulanic acid 

administrated (11) and may occur more often in children (12). Coadministration of food 

can minimize the possibility of GI tract disturbances (8). 
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MATERIALS AND METHODS 

UV Analysis 

Calibration curves were constructed from stock solutions of 0.03 g non-compacted 

amoxicillin trihydrate in a 100 ml volumetric flask with deionized water. 1 ml amoxicillin 

stock solution was added to 10 ml deionized water and then a further seven 1:1 serial 

dilutions were made. Amoxicillin samples were analyzed at 270 nm. 

Clavulanic acid calibration curves were constructed from stock solutions of 0.03 g 

KCA:Avcel (1:1 mixture) in a 100 ml volumetric flask with deionized water. This stock 

solution was serially diluted 1:1 to produce seven samples, 400 gl of each sample was 

added to 100 pl imidazole, 10 minutes reaction time was allowed, then diluted with 2 ml 

water for UV analysis at 310 nm. Calibration curves gave a correlation coefficient of 

greater than 0.999 and were carried out every time before dissolution samples were 

analyzed. Dissolution samples were treated in exactly the same manner. Amcodcillin 

samples were diluted 1:10 and absorbance recorded at 270 nm. Clavulanic acid was 

derivatied for analysis at 310 nm. 

Dissolution Studies 

Dissolution profiles were determined according to the USP )0C III paddle method at 

37°C in deionized water at 25 rpm (13). A faster stirring speed (75 rpm) was also applied. 

3 bottles of both the new formulation (formulation C as reported previously) and 

Augmentin® were reconstituted 10 minutes before dissolution studies began. One dose of 

suspension (5 ml) was withdrawn from each bottle and added to the vessel. 5 ml samples 

were collected at 6, 12, 20, 30, 40 and 60 or 50 (for 75 rpm) minutes and replaced with 

the same volume of deionized water. After samples were taken, suspensions were returned 

to the refrigerator. Dissolution studies were carried out one or two days later using the 

same bottles of suspension formulations to investigate any differences over time. All 

dissolution samples were analyzed by UV. 
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Subjects 

The study was approved by the Oregon State University Institutional Review Board 

for the Protection of Human Subjects. Written informed consent forms were completed 

by subjects before entry into the studies. All subjects were non-smokers, healthy 

individuals with no known allergic reaction to penicillin or any other antibiotics, and were 

not on any previous or current medication including the contraceptive pill. Subjects had no 

history of gastrointestinal, kidney, or liver disease. 

Study Design 

Human volunteers were instructed to fast overnight the day of the study. 

Suspension formulation (5 ml) was taken within 5 minutes after a standard breakfast which 

consisted of a plain bagel, one ounce of cream cheese and a 200 ml juice drink (Capri-

Sun®). Absorption of Augmentin® is reported to be unaffected by food. Therefore, 

Augmentin® may be administrated with meals which can minimize the possibility of GI 

tract disturbances. Subjects were instructed not to eat or drink tea or coffee for the next 

two hours with no subsequent restrictions. After at least 2.24 hour washout period, the 

alternate product was given to subjects. 

Collection of Urine Samples 

Urine was collected in labeled Whirl-Pak® bags at 1, 2, 3, 4, 5, 6, and 7 hours after 

administration. A zero hour urine sample was collected before breakfast to be used as a 

blank for analysis. The time of each sample and volume of urine were recorded on a time 

sheet. Once the sample was returned to the laboratory, the full volume was measured and 

1 ml urine was immediately buffered to pH 6 to ensure stability. The assay was carried 

out immediately using HPLC analysis as described previously (14). 
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Buffer Solution 

The buffer is prepared by adding 100 ml 0.5 M disodium hydrogen phosphate to 350 

ml deionized water. The pH is adjusted to 6 with 1 M citric acid. The resulting solution is 

made up to 500 ml volume with deionized water. 1 ml from each urine sample was added 

to 1 ml pH 6 buffer. The buffered sample solution was the final sample for HPLC 

analysis. 

Data Analysis 

PSIPLOT® version 3.0, and Microsoft Excel® 5.0 were used to calculate 

bioavailability parameters (Cmax, Tmax and AUC). Cmax is defined as the maximum 

urinary excretion rate of drug and Tmax is the time corresponding to the maximum urinary 

excretion rate of drug. Values for Cmax and Tmax were taken directly from measured 

data points. AUC is defined as the area under the curve depicting excretion rate plotted 

with respect to midpoint of time interval. It was calculated by taking the integral of 

excretion rate (du/dt) data with respect to midpoint of time interval from time zero to t, 

where t is the last measurable time point. Calculated bioavailability parameters were 

statistically analyzed by a two one-sided t-test, using Microsoft Excel spreadsheet 5.0, and 

by paired t-test, using Statgraphics® plus 2.1. 
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RESULTS AND DISCUSSION
 

Dissolution Studies 

Dissolution profiles for both amoxicillin and clavulanic acid for the two formulations 

at 25 rpm and 75 rpm are illustrated in Figures 2.1 and 2.2. Both amoxicillin and 

clavulanic acid in the new formulation achieved 100% release a little faster than the 

marketed product Augmentin® at 25 rpm. When the stirring speed was increased to 75 

rpm, the dissolution profiles were very similar. 

Biostudies 

Tables 2.1 and 2.2 show mean amoxicillin and clavulanic acid pharmacokinetic 

parameters for the new formulation and Augmentin®. All mean amoxicillin 

pharmacokinetic parameters of the new formulation were within ± 20% of Augmentin®. 

However, only mean AUC was within ± 20% for clavulanic acid. 

Table 2.1 Mean amoxicillin pharmacokinetic parameters 

Tmax (hr) Cmax (mg/h) AUC 

Augmentin® 2.20 ± 1.27 70.09 ± 43.37 172.68 ± 61.70 

New Formulation 1.80 ± 0.75 70.70 ± 26.73 175.97 ± 34.01 

Table 2.2 Mean clavulanic acid pharmacokinetic parameters 

Tmax (hr) Cmax (mg/h) AUC 

Augmentin® 2.07 ± 1.10 2.47 ± 1.05 6.33 ± 3.14 

New Formulation 1.56 ± 0.51 4.56 ± 3.90 7.35 ± 4.39 
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Figure 2.1 Dissolution profiles of amoxicillin from new formulation 
and Augmentin at 25rpm and 75rpm 
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Figure 2.2 Dissolution profiles of clavulanic acid from new 
formulation and Augmentin at 25rpm and 75rpm 
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Figure 2.3 and 2.4 give cumulative mean urinary excretion data of amoxicillin and 

clavulanic acid obtained after administration of both formulations. The larger cumulative 

mean urinary excretion data of the new formulation in both figures was caused by the 10% 

overage of amoxicillin and clavulanic acid. Mean recovery of amoxicillin in urine was 

64.0% and 69.1% respectively for the new formulation and Augmentin®. Also, it was 

determined that 10.7% and 10.1% of the clavulanic acid were recovered for the new 

formulation and Augmentin®, respectively. 

Figures 2.5 and 2.6 illustrate the mean urinary excretion rate vs. time of amoxicillin 

and clavulanic acid. Each time data point was the mean of 7 subjects. Figure 2.5 shows 

that amoxicillin profiles were almost identical for the new suspension and Augmentin®. 

For clavulanic acid, the new formulation had higher mean urinary excretion rates than 

Augmentin® in the first two hours. Note that the standard deviations are quite large 

around the mean values which is typical for amoxicillin and clavulanic acid in urinary 

excretion studies. 
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Figure 2.3 Cumulative mean urinary data of amoxicillin for new 
formulation and Augmentin 
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Figure 2.4 Cumulative mean urinary data of clavulanic acid for 
new formulation and Augmentin 




