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INTRODUCTION

In small animal therapeutics there are many legends, out-dated treatments, misconceptions, and myths that persist. Data is now available
through pharmacologic studies to dispel many of these old thoughts and concepts. This presentation will focus on drug treatments. Time will
not allow an exploration of one of the largest areas for which there is controversy, and perhaps unproven treatments: alternative and
complimentary medical therapies, holistic treatments, and the use of dietary supplements ("neutraceuticals").

Are generic drugs as effective as proprietary drugs?
It is a common misconception that generic drugs are inferior or less effective than proprietary drugs. In order for a generic drug to be
registered by the Food and Drug Administration (FDA) it must meet criteria for bioequivalence. Drugs are considered to be therapeutic
equivalents if they are pharmaceutical equivalents and if they can be expected to have the same clinical effect and safety profile when
administered to patients under the conditions specified in the labeling. This does not necessarily mean that the generic formulation of a drug
has been tested in therapeutic trials. It simply means that when equivalent doses are administered as the proprietary drug formulation (also
known as the pioneer drug or innovator drug), the blood concentrations are equivalent based on the shape and profile of a concentration vs
time curve. If a generic drug meets these criteria, one assumes that if plasma concentrations of a drug are equivalent, the therapeutic
response also must be equivalent. There are no instances documented in veterinary medicine in which an FDA-approved drug has not been
equivalent to the proprietary drug. Therefore, a claim that generic drugs are not effective is unproven. However, we recognize that among
generic drug formulations, excipients, vehicles, colors, packing, tablet shape, and release characteristics can vary. It is theoretically possible
that differences in these additional ingredients could change the therapeutic response. Because there are few generic drugs registered for
veterinary medicine, most generic drugs used in animals are human drugs. Even though bioequivalence may have been demonstrated in
people, there is no assurance that the pattern of absorption, metabolism, and excretion would be similar in animals.

Are compounded drugs equivalent to brand name drugs?
Compounding is the practice of modifying a dose form in order to facilitate administration to a patient. Compounding can be a therapeutic
necessity because we lack the availability of medications to treat the variety of diseases in our patients. For example, human dose
formulations must be modified to administer to a dog, cat or exotic animal. Sometimes compounding is performed to ease administration,
mask a bitter taste, or accommodate an animal's small size. Compounding is allowed by federal law, provided that it is performed on a
patient by patient basis and other restrictions are met. The FDA Center for Veterinary Medicine restricts compounding from bulk chemicals
containing the active pharmaceutical ingredient, especially if it is performed on a large scale.

Compounded formulations may provide an equivalent therapeutic response to a proprietary formulation in many instances. However, there
may be problems with solubility, stability, and potency for some drugs. These problems were discussed in more detail in a recent AAPS
review article (Papich, 2005). The inactive ingredients and excipients added to drug formulations are done so to ensure the stability of the
drug, provide an optimum chemical environment, pH, or increase the ease of packaging or handling. Adding other chemicals, flavorings,
vehicles, or interfering with protective coatings of tablets in the course of compounding may interfere with the stability of the drug,
decreasing its potency, oral absorption, and efficacy. The most common interaction is that from a change in pH. Drugs known to be
compromised when compounded for animals include omeprazole, fluoroquinolone antimicrobials, diazepam, antifungal drugs (e.g.,
itraconazole), and poorly soluble basic drugs.

There may be clues that compounding has affected drug quality, purity, or potency. Oxidation is often visible through a color change (color
change to pink or amber for example). Loss of solubility may be observed through precipitation. Some drugs are prone to hydrolysis from
moisture. A rule-of-thumb for veterinarians is that if a drug is packaged in blister packs or moisture proof barrier, it is probably subject to
loss of stability and potency if mixed with aqueous vehicles. If compounded formulations of solid dose forms show cracking or "caking", or
swelling, the formulation has probably accumulated moisture and may have lost potency.

Do transdermal gels really work?
To meet the growing demands for more transdermal medications for pets, compounding pharmacies have prepared existing drugs (both
human and veterinary drugs), into transdermal formulations. Most drugs cannot be absorbed across the skin without some enhancement.
Their lipophilicity or solubility characteristics otherwise prevent the drug from penetrating the skin. Therefore, veterinary compounding
pharmacies have mixed drugs with "penetration enhancers" (PE) to facilitate transdermal absorption. The most popular of the PE used by
veterinary pharmacists is pleuronic lecithin organogel (PLO), which is lecithin (derived from eggs or soybeans) mixed with isopropyl palmitate
and a poloxamer (Pluronic). The ingredients in PLO act as surfactants, emulsifiers, and solubilizing agents. There is little data available to
suggest that drugs applied in a PLO vehicle are actually absorbed systemically in animals. Most published reports of transdermal application
of drugs to cats showed that absorption was incomplete, nonexistent, or highly inconsistent among cats. Drugs examined so far have included
glipizide, dexamethasone, buspirone, amitriptyline, fentanyl, morphine, fluoxetine, amitriptyline, buspirone, morphine, fentanyl,
enrofloxacin, and diltiazem (Hoffman et al. 2002; Bennett et al. 2005; Ciribassi et al., 2002; Willis-Goulet et al. 2003; Mealey et al., 2004).
Although a pharmacokinetic investigation showed that methimazole was poorly absorbed (Hoffman, et al. 2002; Trepanier 2002), clinical
investigations provided evidence of efficacy with repeated transdermal applications (Sartor et al., 2004; Hoffman et al. 2001). Drug
absorption through the skin is actually more challenging than expected. The barriers of stratum corneum, hair, and first-pass metabolism
limit this route. In addition, some drugs may not be soluble or compatible in a transdermal vehicle. Many drugs are not potent enough to be
delivered in the small volume (often 0.1 mL) required for practical transdermal therapy.

Can antibiotics be combined that are bactericidal and bacteriostatic?
Drug combinations can improve therapy by providing a synergistic effect and broadening the spectrum. Occasionally, it is necessary to
administer drug combinations because the infecting pathogen is not known and the clinician desires to target several different potential
pathogens. When prescribing combinations of antibiotics, a frequent concern is that drugs administered may produce both a bactericidal and
bacteriostatic effect. Will this produce an interaction that will compromise effective therapy? There are no documented situations in
veterinary medicine in which these combinations produce a less effective interaction. The lines separating bacteriostatic and bactericidal
antibiotics is becoming more blurred. Drugs now are usually referred to as time-dependent or concentration-dependent. Macrolides,
chloramphenicol, and tetracyclines are more bactericidal than once thought. There is no documented problem with combining these drugs
with other drugs such as beta-lactam antibiotics or fluoroquinolones in the same patient.

Is a constant rate infusion of an antibiotic better than intermittent doses?
Antibacterial drugs can be classified by their action as time-dependent or concentration-dependent. If the drug is concentration-
dependent, usually a once-daily regimen can be administered effectively as long as a sufficiently high dose is administered. When treating a
pathogen for which emergence of resistance is a concern, a higher dose may be justified, but the interval remains the same (e.g.,
once-a-day). A time-dependent antibiotic, on the other hand, does not produce better bacterial killing with higher concentrations. Activity is
improved with longer exposure. Therefore, for these drugs, a long half-life is beneficial. If the drug has a short half-life (e.g., a cephalosporin
or penicillin drug) a constant rate infusion may improve therapeutic success. It can be shown that for cephalosporin antibiotics frequently
administered intravenously, a constant rate infusion (CRI) delivered over 24 hours actually requires less total drug to maintain the drug
concentrations above the MIC compared to intermittent doses. For example, 2 mg/kg/hr of an IV cephalosporin (e.g., cefazolin, cefoxitin,
cefotaxime, cefazolin) will maintain the plasma concentration above the MIC, using only 48 mg/kg in a 24 hour interval (2 mg/kg/hr x 24 hr).
This is less total drug than if the same drugs are administered at 20-30 mg/kg three for four times daily. Moreover, there is a therapeutic
advantage because of the time-dependent activity against bacteria.

Is an antibiotic with high volume of distribution / high lipophilicity superior?
The pharmacokinetic term volume of distribution is only a measure of the proportion of drug concentration in plasma relative to the dose.
A high volume of distribution implies that the drug has distributed outside of plasma, possibly intracellular. Highly lipophilic drugs have the
ability to penetrate membranes and these are the antibiotics most often associated with a high volume of distribution. A high volume of
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distribution does not necessarily imply that the drug has high tissue penetration. Tissue concentrations are rarely measured for many
antibiotics.

Many effective drugs have low lipophilic characteristics and a relatively low volume of distribution, yet they are highly effective. The
explanation for this observation is that most infections encountered in veterinary medicine are extracellular. It is not necessary for an
antibiotic to penetrate cells or membranes to be effective (provided that if it is an oral drug it can be absorbed). Studies in our laboratory
showed that volume of distribution and lipophilicity did not determine the extent of antimicrobial drug distribution to the tissue fluid (Bidgood
& Papich, 2005). Lipophilicity and high volume of distribution are highly over-rated terms to measure the effectiveness of antibiotics.

Is tramadol a new miracle treatment for pain?
There are no efficacy studies yet available to indicate the value of tramadol for treating pain in animals. Tramadol has gained recent
popularity because the generic formulations are very inexpensive, and safety problems have not apparently been an issue. It is premature to
consider tramadol as a safe and effective treatment for pain in small animals. However, the pharmacokinetic data available from animals and
experience in people suggest that its use may be promising. Tramadol is a unique oral analgesic drug that currently is not registered as a
controlled substance. It has become available in generic form, and is inexpensive. The exact mechanism of action for tramadol is uncertain
but there is probably more than one mechanism that contributes to its clinical effects. Tramadol has some mu-opioid receptor action, and it
also inhibits the reuptake of norepinephrine (NE), and serotonin (5-HT). One of the isomers has greater effect on serotonin reuptake and
greater affinity for mu-opiate receptors. The other isomer is more potent for norepinephrine reuptake and less active for inhibiting serotonin
reuptake. Taken together, the effects of tramadol may be explained through inhibition of serotonin reuptake (similar to fluoxetine and other
antidepressant drugs), action on alpha-2 receptors (similar to medetomidine and xylazine), and activity for opiate mu-receptors (similar to
morphine). Although tramadol is a weak opioid compared to morphine, the metabolite (desmethyltramadol, also called M1) may have
greater opiate effects than the parent drug (for example, 200x in opiate receptor binding).

Studies completed at NCSU (Kukanich & Papich, 2004) have shown that tramadol is absorbed orally in dogs and was well-tolerated. Dogs
produce sufficient metabolite (M1) that may contribute to the analgesic effects. Clearance is higher than in people, which will necessitate a
higher dose for dogs. Although safety and efficacy studies are not available, based on pharmacokinetic studies we have recommended doses
of 5 mg/kg every 6 to 8 hours orally in dogs.

Are COX-2 Drugs really safer/more dangerous than other NSAIDs?
The nonsteroidal anti-inflammatory drugs (NSAIDs) have as their most common adverse effect, gastrointestinal (GI) toxicity. Common
reactions are vomiting, diarrhea, and nausea. More rare are GI ulcers. In the late 1990s, we became convinced through developments of
new drugs for people, called the COX-2 inhibitors ("Coxibs"), that drugs specific for the COX-2 isoenzyme may be safer than traditional
therapies. Then, in late 2004 studies revealed--again from human medicine--that these drugs may be unsafe. Two of them (rofecoxib and
valdecoxib) later were withdrawn from the market because of concerns for adverse cardiovascular events.

Drugs for humans were developed that are highly COX-2 specific, celecoxib (Celebrex), valdecoxib (Bextra), and rofecoxib (Vioxx)
(FitzGerald & Patrono, 2001). These are often referred to as the coxibs because they share some similar chemical properties. Other drugs
can be somewhat selective for COX-2 and belong to other drug classes (e.g., meloxicam). In human medicine, the coxibs became among the
top-selling prescription drugs of any category in human medicine. Deracoxib was the first veterinary drug in this group (Bergh & Budsberg,
2005). The newest in this class is firocoxib (Previcox), which is more specific for COX-2 than deracoxib McCann et al., 2004).

There is no evidence that the problems in humans that caused the withdrawal of two of the coxibs are problems in animals (Mukherjee et
al., 2001; Topol 2004). Incidence of adverse cardiovascular events are much more rare in animals and safety data in animals does not reveal
increased risk of cardiovascular events.

In people, the studies indicating that the coxib were safer for the gastrointestinal tract (Peterson and Cryer 1999) were later criticized
(Malhotra et al., 2004). Some skeptics have proposed that selective COX-2 inhibitors may not be appropriate for all patients because COX-2
enzyme products may be involved in actions other than inflammation. For example, COX-2 products may be biologically important for
angiogenesis, renal function, regulation of bone resorption, reproductive function, and healing of gastroduodenal ulcers (Wolfe et al. 1999;
Bergh & Budsberg, 2005).

In veterinary medicine, it has not possible to compare gastrointestinal safety among drugs from large controlled, prospective trials. The
only comparisons have come from some evaluations from limited clinical trials used for drug registration. These trials are available from the
drug sponsor and, in general, have shown that the incidence of common GI signs such as vomiting, nausea, and diarrhea are not much
different among the NSAIDs. In the limited clinical trials conducted for the product's registration in dogs, the rate of gastrointestinal ulcers
when the drugs were used at approved doses were so small that comparisons among drugs is not possible. However, despite high COX-2
specificity, as measured from in vitro COX-1-COX-2 inhibitory ratios, a selective COX-2 inhibitor has been associated with gastroduodenal
ulcers in some dogs (Lascelles et al., 2005). Some of these dogs may have been at higher risk.

Is it possible to cause a drug interaction from drug displacement from a binding site?
Protein-binding displacement reactions are rare and undocumented in veterinary medicine. The activity of a drug in plasma is dependent on
the concentration of free (unbound) drug in plasma, not necessarily the free fraction. Although protein binding displacements and interactions
may affect the free fraction, they rarely affect the free concentration. Only drugs that are highly protein bound (approximately greater
than 85%), exhibit high clearance, and have a low therapeutic index are likely to be involved in protein binding interactions of clinical
significance. Few drugs meet these criteria. Recent reviews (Toutain & Bousquet-Melou, 2003; Benet & Hoener, 2002) have illustrated that
drug protein binding interactions may not have consequences that were once thought to be important. As concluded in their paper titled
Changes in plasma protein binding have little clinical relevance, the authors stated, "... although changes in plasma protein binding
can have an important influence on individual pharmacokinetic parameters, we have shown that changes in plasma protein binding will
usually not influence the clinical exposure of a patient to a drug." (Hoener & Benet, 2002).
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