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WO 99/66904 PCT/US98/17120 

INCORPORATION OF LATENT ACID SOLUBILIZING AGENTS IN 
COATED PELLET FORMULATIONS TO OBTAIN pH INDEPENDENT 

RELEASE 

BACKGROUND OF THE INVENTION 

The present invention relates to the controlled in vivo release of an active 

drug having pH dependent solubility from pellet formulations, comprised of a solid 

core containing the drug, a latent acid solubilizing agent, and an outer rate 

10 controlling polymeric membrane. Because the drug has a pH dependent solubility, 

the pellet formulation contains one or more latent acid solubilizing agents that 

hydrolyze and alter the microenvironmental pH such that the drug becomes soluble 

even where the surrounding pH would tend to limit or inhibit drug solubility. 

Several illnesses, such as hypertension and angina pectoris, require 

15 continuous and constant controlled drug release at therapeutic levels. In such 

instances, medications must be administered at consistent intervals, e.g. every six to 

eight hours, so as to maintain a therapeutically effective blood concentration of the 

active agent. When using medications such as diltiazem, which has a short half-life 

in blood of approximately three to four hours, such administration becomes even 

20 more inconvenient. Such frequent administration times render the treatment 

annoying to the patient and impractical to administer, particularly during the night. 

Furthermore, after each administration of an immediate release form of such 

medications, the metabolic system undergoes a succession of rapidly increasing, 

followed by rapidly decreasing, plasma concentrations of the pharmaceutical agent 

25 or drug. Thus, the patient being treated and the targeted organ, e.g., the cardiac 

system, are successively subjected to plasma drug levels above and then below the 

desired therapeutic level. When plasma drug levels are higher than desired there are 

obvious disadvantages, i.e. waste of drug, possibility of toxicity, development of 

drug resistance, and the like. On the other hand, when plasma levels are lower than 

30 desired the drug may be ineffective or of marginal benefit. Obviously, it would be 

beneficial to maintain plasma drug levels as close to the optimal therapeutic level as 

possible. 
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A drug that has pH dependent solubility usually shows a pH dependent 

release rate relative to the formation of its corresponding salt species. Examples of 

such drugs include but are not limited to verapamil, diltiazem, albuterol, propranolol, 

bromocriptine, chlorphenaramine, prochlorperazine, dextromethorphan, enalapril, 

5 labetalol, nicardipine, pentazocine, phenylpropanolamine, promethazine, 

diphenhydramine, metoclopramide, selegiline, timolol, trimethobenzamide, and 

quinidine, etc. These drugs contain a basic side chain moiety such that, at basic pHs, 

the drug is charge neutral and therefore is less soluble in aqueous systems. Indeed, 

such drugs are soluble only if ionized, such as when an acidic salt is formed. 

10 Therefore, pH dependent drugs, such as enumerated herein, require the continued, 

consistent formation of a salt of the drug so as to ensure hydrophilic solubility and 

thus bioavailability. Unfortunately, the digestive tract does not favor the use of the 

acidic salts of these drugs. The digestive tract is known to vary in pH from about 1 

to 2 in the stomach to a neutral or even a basic pH in the duodenum and small and 

15 large intestines. This wide variation of pH renders the acid soluble drugs less and 

less soluble, and hence less bioavailable, as they traverse the digestive tract. 

It has been historically problematic to achieve a controlled, sustained release 

of a pharmaceutical agent throughout all portions of the digestive system because of 

this varying pH range. One approach to solving this problem is disclosed in U.S. 

20 Patent No. 5,202,128 to Angelo M. Morella, wherein is disclosed a pharmaceutical 

pellet composition having a core element including at least one highly soluble active 

ingredient and a core coating, which is partially soluble at a highly acidic pH. The 

pharmaceutical composition also includes a slow release of active ingredients at the 

acidic pH of the stomach and additionally provides a constant, relatively faster rate 

25 of release of a pharmaceutical agent at the more alkaline pH of the intestine. This 

patent discloses a method and composition whereby the pellet composition is altered 

such that the polymers selectively included in the pellet composition have increased 

or decreased solubility based on the changes in pH within the biological system. 

However, this invention does not take into account those pharmaceutical agents 

30 which are insoluble themselves at more basic pH levels. This patent appears to 

conclude that all pharmaceuticals are bioavailable even under basic conditions. The 
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disclosed invention therefore fails to solve the problem of affording solubility to 

those pharmaceutical agents which have pH dependent solubility. 

Additional attempts at pH independent release rates of drugs having a pH 

dependent solubility profile have been disclosed by a variety of approaches such as 

5 the addition of an organic acid to a pellet formulation comprising a core made up of 

layers of the active agent and/or a salt thereof, and a polymeric material whereby the 

environment around the pellet becomes selectively acidic on a time release basis as 

disclosed in U.S. Patents 4,721,619; 4,826,688 and 4,863,742. Illustrative of organic 

acids that can be employed include acids such as adipic acid, ascorbic acid, citric 

10 acid, fumaric acid, malic acid, succinic acid, tartaric acid and mixtures or 

combinations thereof. Disadvantages to this approach are stability of acid labile 

drugs while in the solid state in the pellet, stomach discomfort caused by the 

additional acid, and depletion of the added acid prior to complete dissolution and 

release of the drug. 

15 An additional approach, which does not utilize organic acids, makes use of 

surfactants or wetting agents in the solid supports used for administration of these 

pharmaceutical agents, to increase solubility of the hydrophobic drug into the 

hydrophilic biological environment as disclosed in U.S. Patents 5,288,505 and 

5,529,791. The surfactants or wetting agents include fatty acid esters of saccharose 

20 (commercialized under the trade names of SUCROESTERS and CRODESTERS), 

generically xylose esters or xylites, polyoxyethylenic glycerides, esters of fatty acids 

and polyoxyethylene sorbitan fatty acid esters, and polyglycides-glycerides as 

disclosed in U.S. Patent No. 5,288,505. However, the addition of such acids and/or 

surfactants may compromise the stability of certain drugs and/or may cause 

25 processing problems due to the corrosive nature of the acids used. It would therefore 

be useful to achieve the pH independent bioavailability of a drug having a pH 

dependent solubility profile. It would furthermore be useful to achieve these goals 

without alteration of the ambient pH, or through the addition of surfactants to 

facilitate the assimilation of the hydrophobic drug in a hydrophilic biological 

30 environment. 
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