Research Interests

     My goal as an educator is to incorporate classroom learning with practical applications. Thus, based on my view of teaching, laboratory instruction and research are an important element of undergraduate education. Moreover, this is a wonderful opportunity to expose students to the fascinating realm of research.  These experiences equip students with basic lab techniques and problem-solving skills that serve as building blocks as they enter a job or pursue higher education.  In addition, students should not only be encouraged to participate in research at the home undergraduate institution, but to pursue summer internship opportunities in order to maximize exposure to different areas of science.  This encouragement and experience will hopefully open doors for more career opportunities or better prepare students for future educational endeavors.

     Currently, my research centers on applications of analytical chemistry to the study of the pharmaceutical sciences including (a) HPLC and studies of drugs in a variety of dosage forms and biological matrices and (b) stability of drugs stored in polypropylene syringes as well as (c) developing DNA extraction methods applicable to forensic chemistry. 
(A) HPLC is often utilized to assay drugs in a variety of dosage forms and biological matrices, which is applicable to the pharmaceutical sciences and toxicology.  In addition to HPLC and other analytical methodologies, the nature of this research often necessitates the need for an extraction procedure, thus, liquid-liquid (LLE) or solid-phase extraction (SPE) methods are often employed for analysis.  Research in this area has included developing HPLC methods for selected compounds in several over-the-counter dosage forms such as common cough-cold preparations as well as intravenous admixtures containing procaine and prilocaine.
More recently, our research efforts have shifted directions to include a commonly anti-diabetic medication, metformin.  Currently, there are four combination dosage forms approved by the FDA including GlucoVance® (glyburide and metformin), Avandamet® (rosiglitazone and metformin), Metaglip® (glipizide and metformin), and Actoplus Met® (pioglitazone and metformin) for the treatment of diabetes.   Clinical studies have indicated that the combination drugs provide better hyperglycemic control than when given alone, with the added advantage of patient compliance.  

In each of the these dosage forms, metformin (1,1-dimethylbiguanide) is the common denominator and high concentrations of this biguanide in plasma can induce complications such as lactic acidosis when its plasma concentrations are too high, therefore, the concentration of metformin in plasma should be monitored during treatment.   Since patients are often prescribed the combination dosage forms, it is essential that the concomitant drugs do not interfere with the analysis of metformin.  

Literature surveys revealed that HPLC methods have been reported for the individual determination of metformin in plasma by direct injection, protein precipitation, and liquid-liquid extraction; however, solid-phase extraction (SPE) methods are not common. SPE is typically employed in many therapeutic drug monitoring and pharmacokinetic studies since it often results in a more complete extraction of the analyte (higher recovery), a cleaner sample, and requires less organic solvent (more “green”).  
(B) It is often necessary for pharmacists to assess stability when a drug will be stored under conditions other than those mentioned in the package insert.  For example, during anesthesia, it is common practice for hospital personnel to preload polypropylene syringes with a drug solution and store the syringes on a hospital cart for immediate accessibility.  This practice is also common in a compounding pharmacy, which aims to provide specialized formulations to patients for a variety of reasons.  By assessing stability, the data will allow the pharmacists to be ensured that the formulation in the syringe is indeed stable and can be used safely and efficaciously on patients.  Typically, studies involve the development of stability-indicating HPLC assays for each drug prior to the actual study of syringe samples.  Drugs involved in these studies have included ephedrine sulfate, lidocaine hydrochloride, glycopyrrolate, neostigmine methylsulfate, succinylcholine chloride, tubocurarine chloride, hydrocortisone acetate (oral formulations), tobramycin, and colistimethate.  

I often collaborate with compounding pharmacies to develop stability-indicating HPLC methods for the determination of selected drugs in a compounded dosage form.   Typically, the drug concentration is monitored over a 90-day period with compounded dosage forms stored at room temperature and under refrigeration.  These projects are typically externally funded by contracting compounding pharmacy.

(C) The first step in forensic DNA fingerprinting is the collection of human tissue from the crime scene or victim.  These tissues include blood, hair, skin, and body fluids.  In forensics, the polymerase chair reaction (PCR) is often used to amplify and examine highly polymorphic DNA regions.  These are regions that vary in length from individual to individual and fall into two categories: 1) Variable Number of Tandem Repeats (VNTR) and 2) Short Tandem Repeats (STR).  A VNTR is a region that is variable composed of a 15-70 base pair sequence, typically repeated 5-100 times.  A STR is similar to a VNTR except that the repeated unit is only 2-4 nucleotides in length.  By examining several different VNTRs or STRs from the same individual, investigators obtain a unique DNA fingerprint for that individual which is unlike that of any other person (except for an identical twin).  One VNTR known as D1S80, is present on chromosome 1 and contains a 16-nucleotide sequence which is variable repeated between 16-40 times.  Current research in this area involves developing methods for the extraction of DNA from human hair along with amplification of the DNA at the D1S80 locus by PCR.  
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