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Several Factors Affecting the Absorption of Amoxicilllin in the GI Tract

The administered tablet of amoxicillin and clavulanic acid can be designed to be dissolved in either the stomach or the small intestine.  The pH in the stomach is approximately pH 1 – 2, whereas in the small intestine, the pH is between pH 6 and 7.  (-Lactam molecules, such as amoxicillin and clavulanic acid, are generally susceptible to acid- and base-catalyzed hydrolysis of their cyclic amide (i.e., (-lactam).  As a result of this, dissolution in the stomach of amoxicillin and clavulanic acid would readily lead to hydrolysis of the cyclic amide, thereby rendering them useless against infection.  According to Zia (ref. 1), the maximum stability at 37(C of amoxicillin has been observed to occur at pH 5.77.  Although the pH of the small intestine is minimally higher than the ideal pH of 5.77, the rate of hydrolysis will be much slower in the small intestine than in the highly acidic environment of the stomach.  Therefore, the tablet will be designed to pass through the stomach while still intact, so that dissolution of the drug will happen in the small intestine.

Although the pH in the small intestine yields a slower rate of hydrolysis, antibiotic-inactivating enzymes called (-lactamases are produced by the bacteria inhabiting the GI tract.  These (-lactamases catalyze the irreversible hydrolysis of the amide bond of the (-lactam ring.  Formulating the tablet with clavulanic acid as the (-lactamase inhibitor is important in limiting the inactivation of amoxicillin by (-lactamases.  According to Remington (ref. 2), clavulanic acid is both soluble and well absorbed.  With an intrinsic solubility of 1 g/mL, clavulanic acid will go into solution before amoxicillin and be able to prevent the hydrolysis action of the (-lactamases on the antibiotic.

The solubility of amoxicillin has already been discussed in Part #1.  Between pH of approximately 1 and 8, amoxicillin is quite insoluble (< 1g/L).  Because of its insolubility at the pH of the small intestine (pH between 6 and 7), amoxicillin will not readily dissolve.  Therefore, dissolution of amoxicillin will be the rate-determining step in the dissolution-absorption process.
The next important consideration for tablet formulation is partition coefficient, which appears to be inversely proportional to solubility in a hydrophilic environment.  When a drug has a relatively low solubility in aqueous media, it will have a relatively high partition coefficient, which indicates that the drug is more miscible with the “oily” substance such as plasma membrane.  From Part #1, the log-transformed partition coefficient of amoxicillin was estimated to be 0.97 (P = 9.33) and experimental determined to be 0.87 (P = 7.41).  Both of these partition coefficients indicate that amoxicillin dissolves much more easily in hydrophobic material than in water.  Absorption of amoxicillin is excellent in the GI tract (approximately 75-90%, ref. 2).  So although amoxicillin is quite insoluble in aqueous media (i.e., GI tract), it will readily be absorbed through the plasma membrane of the epithelial cells of the GI tract.

In addition to the fact that amoxicillin has a high partition coefficient, the presence of the PEPT1 transporter also contributes to the absorption properties of amoxicillin.  As stated in Part #1, the absorption kinetics of amoxicillin follows a zero-order model despite its slightly ionic character in the intestinal pH.  The presence of this transporter helps to account for the excellent absorption of amoxicillin.  Therefore, two factors contribute to the absorption of amoxicillin in the GI tract - passive diffusion via its substantial hydrophobic nature and active transport by PEPT1 transporter.

After this discussion, it continues to be clear that the dissolution of amoxicillin from the tablet to the aqueous fluid in the GI tract is the rate-determining step, while absorption would be expected to occur rapidly.  Indeed, amoxicillin has “excellent” absorption into the intestinal lining according to Goodman & Gilman (ref. 3).

There are several factors that influence the process of diffusion: the diffusion constant, the particle surface area, the volume of the system, the distance the drug must diffuse and the differential concentration of drug (i.e., tablet – bulk).  The only factor that can be controlled in formulation of the tablet is the surface area of the particles.  The tablet can be made to disintegrate into many small particles once it reaches the small intestine.  Since it is already known that the rate-determining step for amoxicillin is dissolution into the aqueous environment of the small intestine, it would be desirable to have the tablet disintegrate into many small particles.  This will maximize the surface area the GI tract fluid will have with the drug, thereby increasing the chances the rather insoluble drug has to dissolve.

The most important consideration when formulating the tablet of amoxicillin is the rate-determining step of dissolution into the GI tract.  After the tablet passes intact through the stomach and into the small intestine, the dissolution process can commence.  Since amoxicillin is rather insoluble, the tablet will be formulated to promote its dissolution.  To this end, the tablet will be designed to disintegrate into small particles to dramatically increase the amount of antibiotic in contact with the aqueous solution of the GI tract.  The smaller particle size will facilitate the dissolution of a larger amount of drug in a shorter amount of time.  The antibiotic that does dissolve will readily absorb through the plasma membrane of the intestinal epithelial cells.

Components to be used in the formulation

Our formulation of Amoxicillin and Clavulanic acid parallels Augmentin, which is a commercially available combination of these two compounds. A 500mg tablet of Augmentin weighs 1070mg. A tablet contains 625 mg (58% by weight) of active ingredients (500mg,1.37mmol of Amoxicillin and 125mg ,0.63mmol of Potassium Clavulanate). The remaining inactive ingredients (42%) weigh 445mg. Inactive ingredients are added to a tablet to help in the processing and compression during formulation. Some of these are diluents, binders, glidants, and lubricants. Other inert materials help in the physical characteristic of the finished product. These include disintegrants, color, flavors, and waxes.  Inactive ingredients for our formulation include, colloidal silicon dioxide (molecular formula unavailable), hydroxypropyl methylcellulose (C20H38 O12, 470.52 MW), magnesium stearate (C36H70MgO4, 591.25 MW), microcrystalline cellulose (empirical formula (C6H10O5)n), polyethylene glycol (C2H6O2, 62.07 MW), sodium starch glycolate (molecular formula unavailable), and titanium dioxide (O2Ti, 79.87 MW).
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Binders

Microcrystalline cellulose, polyethylene glycol and hydroxypropyl methylcellulose are added to the formulation in order to maintain the integrity of the tablet as it passes through the acidic environment of the stomach. Enough binder will be used to insure that a tablet will not disintegrate to quickly. On the other hand, the amount of binder will be optimized to allow disintegration in the small intestine.  It is known that mycrocrystalline cellulose is a good binder because each crystallite is held together by hydrogen bonds, which are broken during the disintegration process by the specific medium. Hydroxypropyl methylcellulose will aid to prolong the release of the tablet by forming the film of the tablet coating. In comparison to the figure above, a greater amount of the binder will be added to our formulation.  The weight of the binders will total 125mg (11.5% total weight). 
Disintegrant

Sodium starch glycolate is the disintegrant for our formulation. This super disintegrant swells up to 12 fold in less than 30 seconds. The disintegrant breaks the tablet down to granules and smaller particles.  The smaller particles increase the surface area exposed for dissolution of the active ingredients. Since dissolution of the active ingredients will be the rate limiting step in the absorption process, an ample amount of sodium starch glycolate will be added to our formulation. 200mg of the sodium starch glycolate will be added to the formulation. This will make-up a greater portion (18.7%) of the tablet relative to the figure above. 

The particle size of the active ingredients is the fundamental concern for rapid dissolution. For amoxicillin, a small particle size will increase its dissolution. Alternatively, the high solubility of clavulanate in the small intestine will likely aid in its dissolution. This will  make clavulanate not as dependent upon its particle size for dissolution. The shape of the tablet will effect the dissolution as well. The tablet will be processed with a pointed diamond shape. The point will increase tablet exposure and lead to greater erosion.  
The remaining manufacturing excipients will have a combined weight of 120mg and will make up 11.2% of the tablet (see below). This amount is significantly less then the figure presented above. 

Filler/Diluent

Microcrystalline cellulose serves as a diluent as well. The diluent increases the volume of the tablet allowing it to be compressed properly. 
Lubricant

Magnesium stearate and polyethylene glycol are added as lubricants. Lubricants are added to preventing adhesion of all materials to the dies and punches, as well as to expedite the removal of the tablet from the die and improve the rate of flow of the granulation. The tablet will contain a limited amount of lubricant <1% of the total weight. 
Glidant/Flow promoters

Colloidal silicon dioxide is added to the formulation to help the powder flow during the manufacturing process of the tablet.

Color

Titanium dioxide is add for color. Coloring provides manufacturers with a way to control their product during preparation, as well as proper identification of the tablet by the patient. Titanium dioxide will give a bright white color to the tablets in which it is incorporated. 

Our formulation will contain differing proportions of active and inactive ingredients compared to the figure above. Our tablet will contain 58% active drug, 11.5% binder, 18.7% disintegrant and 11.2 % processing excipients. However, the figure above contains 25% active drug, <10% binder, <10% disintegrant and 65% processing excipients.  
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