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Preface


Applied Pharmacology for Veterinary Technicians, Fifth Edition, is designed for both the graduate technician and the student. As a teaching and reference book, its purpose is to help veterinary technicians become familiar with the many veterinary pharmacologic agents and their uses, adverse side effects, and dosage forms. We believe it is very important for the technician to understand the uses of pharmacologic agents and to have the ability to provide client education under the supervision of the attending veterinarian. One of the key features of this book is that its format provides quick and easy access to important chapter content. Each chapter is introduced with learning objectives, a chapter outline, and key terms. “Technician's Notes” throughout the text provide helpful hints and important points technicians should be aware of to avoid errors and increase efficiency.

New to this Edition


New features have been added to the fifth edition to aid the student and technician in the study and application of pharmacology. All of the drug information throughout the book has been updated and new drugs that have entered the market since the publication of the fourth edition have been included to keep you current with the newest pharmacologic agents and their uses, adverse side effects, and dosage forms. Scientific advances in the area of stem cell treatment have been added to the chapter on immunologic drugs. Coverage of fluid therapy has been expanded to prepare veterinary technicians for the role they play in fluid, electrolyte, and therapeutic nutritional therapy, which can be critically important to the outcome of a case. The fifth edition is now in color, bringing important concepts to life.

Evolve Site


The Evolve student resources offer the following features to reinforce textbook content and help students master key concepts:




• Drug Administration Videos: Twelve narrated video clips demonstrate drug administration techniques (oral, injectable, inhaled) and IV preparation for dogs and cats


• Drug Calculators with Related Exercises: Six drug calculators with accompanying word problems help students perform accurate drug calculations


• Drug Label Image Collection: Over 135 photos of drug labels, divided by chapters and organized alphabetically, help students become familiar with drug information and packaging encountered in practice


• Animations: Animations of pharmacologic processes, such as passive diffusion and receptor interaction, help students visualize and understand key concepts


• Dosage Calculation Exercises: Exercises reinforce calculations skills and provide valuable practice in the areas of:


• Drug Calculation Methods


• Oral and Enteral Medication Administration


• Intravenous Infusion


• Critical Care Calculations


• Answers to Review Questions: Answers to the chapter review questions allow students to gauge comprehension of key topics





Our intent in writing this book has been to combine the comprehensiveness of a veterinary pharmacology textbook with the coverage of pharmacologic fundamentals needed by veterinary technicians. No longer will veterinary technician educators have to draw from two sources for this type of coverage. The scope and organization of the information in this book will make it a useful reference for the practicing technician as well.





Boyce P. Wanamaker, DVM, MS







Kathy Lockett Massey, LVMT













Acknowledgments


I would like to acknowledge the editors and staff at Elsevier including Mary Pohlman and Shelly Stringer for their support and assistance in making this edition possible.


I would also like to recognize veterinary technicians and veterinary technology students everywhere whose desire for knowledge and dedication to quality animal care have made animal nursing a true profession.


I would like to thank Columbia State Community College for the opportunities it has provided me.


I would like to acknowledge the following people who have influenced my professional career in a positive way: Charles Byles, DVM; Charles Chamberlain, PhD; Karon Jennings, DVM; Mary Kirby, LVMT; Walter Martin, DVM; Kathy Massey, LVMT; G.M. Merriman, DVM; Christy Pettes, MD; H.B. Smith, DVM; Duane Tallman, DVM; and Dale Thomas, MS.




Boyce P. Wanamaker





I would like to thank: Boyce Wanamaker, DVM, Columbia State Community College, Columbia, Tennesse; Mary Kirby, LVMT, Columbia State Community College, Columbia, Tennessee; Bill Henson, DVM, Henson Animal Clinic, Corinth, Mississippi; Jim Jackson, DVM, Jackson Animal Clinic, Corinth, Mississippi; Forrest Cutlip, DVM, Milan Animal Hospital, Milan, Tennessee; C.F. Locklar, Jr., DVM, Maury County Veterinary Hospital, Columbia, Tennessee; Steve Grubbs, DVM, PhD, Princeton, New Jersey; Robert Myers, DVM, Maury County Veterinary Hospital, Columbia, Tennessee; Christi Cartwright, LVMT, Maury County Veterinary Hospital, Columbia, Tennessee.




Kathy Lockett Massey












Chapter 1


General Pharmacology



Outline
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Learning Objectives


After studying this chapter, you should be able to




1. Define terms related to general pharmacology.


2. List common sources of drugs used in veterinary medicine.


3. Outline the basic principles of pharmacotherapeutics.


4. Define the difference between prescription and over-the-counter drugs.


5. Describe the events that occur after a drug is administered to a patient.


6. List and describe the routes used for administration of drugs.


7. Define biotransformation, and list common chemical reactions involved in this process.


8. List the routes of drug excretion.


9. Discuss in basic terms the mechanisms by which drugs produce their effects in the body.


10. Discuss the mechanisms of clinically important drug interactions.


11. Discuss the different names that a particular drug is given.


12. List the items that should be included on a drug label.


13. List the steps and discuss the processes involved in gaining approval for a new drug.


14. List the government agencies involved in the regulation of animal health products.


15. Describe reasons for dispensing rather than prescribing drugs in veterinary medicine.


16. Discuss the primary methods of drug marketing.


17. List acceptable methods of drug disposal.





Key Terms


Adverse drug event


Adverse drug reaction


Agonist


Antagonist


Compounding


Drug


Efficacy


Extralabel use


Half-life


Manufacturing


Metabolism (biotransformation)


Parenteral


Partition coefficient


Prescription (legend) drug


Regimen


Residue


Veterinarian–client–patient relationship


Withdrawal time

Introduction

Veterinary technicians are an essential component of the efficient health care delivery team in veterinary medicine. One of the important tasks that veterinary technicians carry out is administration of drugs to animals on the order of a veterinarian. Because this task may have serious consequences in terms of the outcome of a case, it is mandatory that technicians have a thorough knowledge of the types and actions of drugs used in veterinary medicine. They should have an understanding of the reasons for using drugs, called indications, and the reasons for not using drugs, called contraindications (pharmacotherapeutics). They also should know what happens to drugs once they enter the body (pharmacokinetics), how drugs exert their effects (pharmacodynamics), and how adverse drug reactions manifest themselves (toxicity). Because veterinarians dispense a large number of drugs, technicians also must be well versed in the components of a valid veterinarian–client–patient relationship, the importance of proper labeling of dispensed products, and methods of client education on the proper use of products to avoid toxic effects or residue. Finally, technicians should have a basic understanding of the laws that apply to drug use in veterinary medicine and the concept of the marketing of veterinary drugs. In short, veterinary technicians must have a working knowledge of the science of veterinary pharmacology.

Drug Sources

Traditional sources of drugs are plants (botanical) and minerals. Plants have long been a source of drugs. The active components of plants that are useful as drugs include alkaloids, glycosides, gums, resins, and oils. The names of alkaloids usually end in -ine, and the names of glycosides end in -in (Williams and Baer, 1990). Examples of alkaloids include atropine, caffeine, and nicotine. Digoxin and digitoxin are examples of glycosides. Bacteria and molds (e.g., Penicillium) produce many of the antibiotics (penicillin) and anthelmintics (ivermectin) in use today. Animals once were important as a source of hormones such as insulin and as a source of anticoagulants such as heparin. Today, most hormones are synthesized in a laboratory. Mineral sources of drugs include electrolytes (sodium, potassium, and chloride), iron, selenium, and others. Laboratories are one of the most important sources of currently used drugs because chemists are finding methods of reproducing drugs previously obtained through plant and animal sources. Advances in recombinant deoxyribonucleic acid (DNA) technology have made it possible for animal and human products (e.g., insulin) in bacteria to be produced in large quantities.

Inactive Ingredients

Veterinary pharmaceutic products and supplements may contain substances in addition to active ingredients. Inactive ingredients are classified as binders, coatings, coloring agents, disintegrants, emulsifiers, fillers, flavorings, flow agents, humectants, preservatives, sweeteners, and thickeners (Table 1-1).




TABLE 1-1


Inactive Ingredients








	INACTIVE INGREDIENT

	FUNCTION

	EXAMPLES









	Binder

	Holds tablet together

	Cellulose, lactose, methylcellulose, sorbitol, starch, xylitol, and others





	Coating

	Protects tablet from breaking, absorbing moisture, and early disintegration

	Beeswax, carob extract, methylcellulose, cellulose acetate, acrylic resin, and others





	Coloring agents

	Provide color and enhance appearance

	Yellow No. 5, annatto, caramel color, titanium oxide, FD&C Blue No. 1, FD&C Red No. 3, and others





	Disintegrants

	Expand when exposed to liquid, allowing tablets and capsules to dissolve and disperse their active ingredients

	Cellulose products, crospovidone, sodium starch glycolate, and starch





	Emulsifiers

	Allow fat-soluble and water-soluble agents to mix so they do not separate

	Stearic acid, xanthan gum, lethicin, and vegetable oils





	Fillers/diluents

	Increase bulk or volume

	Calcium carbonate, calcium sulfate, cellulose lactose, mannitol, sorbitol, starch, sucrose, and vegetable oils





	Flavor agents

	Create a desired taste or mask an undesirable taste

	Beeswax, carob extract, glyceryl triacetate, and natural orange





	Flow agents

	Prevent powders from sticking together

	Calcium stearate, glyceryl triacetate, polyethylene glycol, silica, sodium benzoate, and talc





	Humectants

	Hold moisture in a product

	Glycerin, glycerol, glycerol triacetate, and sorbitol





	Preservatives

	Prevent degradation and extend the shelf life of a product

	Citric acid, glycerol, potassium benzoate, sodium benzoate, and others





	Sweetening agents

	Improve taste

	Aspartate, fructose, glycerin, sorbitol, sucrose, and xylitol





	Thickening agents

	Increase the viscosity of a product

	Methylcellulose, povidone, sorbitol, and others








Adapted from ConsumerLab.com: Review article: inactive ingredients in supplements (website). https://www.consumerlab.com/reviews/Inactive_Ingredients_in_Supplements/inactiveingredients. Accessed July 30, 2013.




Pharmacotherapeutics

Veterinarians are challenged by the task of assessing a patient to determine a diagnosis and arrive at a plan of treatment. If the plan of treatment includes the use of drugs, the veterinarian must choose an appropriate drug and a drug regimen. The drug is selected through the use of one or more broadly defined methods called diagnostic, empirical, or symptomatic. The diagnostic method involves assessment of a patient, including a history, physical examination, laboratory tests, and other diagnostic procedures, to arrive at a specific diagnosis. Once the diagnosis has been determined, the causative microorganism or altered physiologic state is revealed to allow selection of the appropriate drug. The empirical method calls on the use of practical experience and common sense when the drug choice is made. In other instances, drugs are chosen to treat the symptoms or signs of a disease if a specific diagnosis cannot be determined. In veterinary medicine, the comparative cost of a drug also may be an important consideration in selection of an appropriate drug. Once the drug to be used in treatment has been decided, the next step for the veterinarian is to design the plan for administering the drug. This plan, called a regimen, includes details about the following:


• The route of administration

• The total amount to be given (dose)

• How often the drug is to be given (frequency)

• How long the drug will be given (duration)



Every drug has the potential to cause harmful effects if it is given to the wrong patient or according to the wrong regimen. Some medications have greater potential than others for producing harmful outcomes. According to the U.S. Food and Drug Administration (FDA), when a drug has potential toxic effects or must be administered in a way that requires the services of trained personnel, that drug cannot be approved for animal use except when given under the supervision of a veterinarian. In such a case, the drug is classified as a prescription drug and must be labeled with the following statement: “Caution: Federal law restricts the use of this drug to use by or on the order of a licensed veterinarian.” This statement sometimes is referred to as the legend, and the drug is called a legend (prescription) drug. Labels that state “For veterinary use only” or “Sold to veterinarians only” do not designate prescription drugs. Technicians should be aware that prescription drugs often have been approved by the FDA for use in specific species or for particular diseases or conditions. Veterinarians have some discretion to use a drug in ways not indicated by the label, if they take responsibility for the outcome of use. Use of a drug in a way not specified by the label is called extralabel use.


Federal law and sound medical practices dictate that prescription drugs should not be dispensed indiscriminately. Before prescription drugs are issued or extralabel use is undertaken, a valid veterinarian–client–patient relationship must exist. For this relationship to occur, several conditions must be met. These include but are not limited to the following:


• The veterinarian has assumed responsibility for making clinical judgments about the health of the animal(s) and the need for treatment, and the client has agreed to follow the veterinarian's instructions.

• The veterinarian has sufficient knowledge of the animal(s) to issue a diagnosis. The veterinarian must have seen the animal recently and must be acquainted with its husbandry.

• The veterinarian must be available for follow-up evaluation of the patient.



Drugs that do not have enough potential to be toxic or that do not require administration in special ways do not require the supervision of a veterinarian for administration. These drugs are called over-the-counter drugs because they may be purchased without a prescription. Drugs that have the potential for abuse or dependence have been classified as controlled substances. Careful records of the inventory and use of these drugs must be maintained, and some of them must be kept in a locked storage area.


When a drug and its regimen have been selected, veterinary technicians often are directed through verbal or written orders to administer the drug. Technicians have several important responsibilities in carrying out these orders:


1. Ensuring that the correct drug is being administered

2. Administering the drug by the correct route and at the correct time

3. Carefully observing the animal's response to the drug

4. Questioning any medication orders that are not clear

5. Creating and affixing labels to medication containers accurately

6. Explaining administration instructions to clients

7. Recording appropriate information in the medical record



Technicians should be aware that even when the correct drug is administered in a correct manner, an unexpected adverse reaction might occur in a patient. All adverse events or reactions should be reported immediately to the veterinarian.

Pharmacokinetics

Pharmacokinetics is the complex sequence of events that occurs after a drug is administered to a patient (Figure 1-1). Once a drug has been given, it is available for absorption into the bloodstream and delivery to the site where it will exert its action. After a drug is absorbed, it is distributed to various fluids and tissues in the body. It is not enough, however, for the drug simply to reach the desired area. It also must accumulate in that fluid or tissue at the required concentration to be effective. Because the body immediately begins to break down and excrete the drug, the amount available to the target tissue becomes less and less over time. The veterinarian then must administer the drug repeatedly and at fixed time intervals to maintain the drug at the site of action in the desired concentration. Some drugs are administered at a high dose (loading dose) until an appropriate blood level is reached. Then the dose is reduced to an amount that replaces the amount lost through elimination. Doses of other drugs are at the replacement level throughout the regimen. The point at which drug accumulation equals drug elimination is called the steady state or distribution equilibrium. This equilibrium represents the state where the amount of drug leaving the plasma for tissue equals the amount of drug leaving the tissue for the plasma. Underdosing leads to less-than-effective levels in tissue, and overdosing may result in toxic levels (Figure 1-2). Drug levels can be measured in blood, urine, cerebrospinal fluid, and other appropriate body fluids to help a veterinarian determine whether an appropriate level has been achieved. This procedure, which is called therapeutic drug monitoring, is being used increasingly in vet­erinary practice. Nonsteroidal antiinflammatory drugs (NSAIDs), cardiac drugs, anticonvulsants, and thyroid drugs are commonly monitored.


[image: image]
FIGURE 1-1 Diagram of the possible sequence of events that a drug may follow in an animal's body.



[image: image]
FIGURE 1-2 The effect of dose amounts on the effectiveness of a drug. (From Jenkins WL: Textbook of veterinary internal medicine, diseases of the dog and cat, St. Louis, 1983, WB Saunders.)



The primary factors that influence blood concentration levels of a drug and a patient's response to it include the following:


• Rate of drug absorption

• Amount of drug absorbed

• Distribution of the drug throughout the body

• Drug metabolism or biotransformation

• Rate and route of excretion



These factors are explored after the drug administration routes have been discussed.

Routes of Administration

A drug is of no use unless it can be delivered to the patient in an appropriate form at an appropriate site. The way in which a drug is administered to an animal patient is influenced by several factors:


• Available pharmaceutic form of the drug

• Physical or chemical properties (irritation) of the drug

• How quickly onset of action should occur

• Use of restraint or behavioral characteristics of the patient

• Nature of the condition being treated



The routes of administration of drugs to animal patients are as follows.

Oral

In veterinary medicine, drugs commonly are administered through the oral route. Medications given by this route may be placed directly in the mouth or may be given via a tube passed through the nasal passages (nasogastric tube) or through the mouth (orogastric tube). The mucosa of the digestive tract is a large absorptive surface area with a rich blood supply. Drugs given by this route, however, are not absorbed as quickly as drugs administered by injection, and their effects are subject to species (e.g., ruminants vs. animals with a simple stomach) and individual differences. Many factors may influence the absorption of drugs from the digestive tract, including the pH of the drug, its solubility (fat vs. water), the size and shape of the molecule, the presence or absence of food in the digestive tract, the degree of gastrointestinal (GI) motility, and the presence and nature of disease processes. This route is not suitable for animals that are vomiting or have diarrhea. Drugs given by this route generally produce a longer lasting effect than those given by injection.

Parenteral

Drugs that are given by injection are called parenteral drugs. A drug can be injected via many different routes:


• Intravenous (IV)

• Intramuscular (IM)

• Subcutaneous (SC)

• Intradermal (ID)

• Intraperitoneal (IP)

• Intraarterial (IA)

• Intraarticular

• Intracardiac

• Intramedullary

• Epidural/subdural



Drugs given by the intravenous route produce the most rapid onset of action, accompanied by the shortest duration. Medications that are irritating to tissue generally are given by this route because of the diluting effect of blood. Intravenous medications should be administered slowly to lessen the possibility of a toxic or allergic reaction. Unless a product is specifically labeled for intravenous use, it should never be given by this route. Oil-based drugs and those with suspended particles (i.e., those that look cloudy or thick) generally should not be given intravenously because of the possibility of an embolism. Special care should be taken to ensure that irritating drugs are injected into the vein and not around it, to avoid causing phlebitis.


The intramuscular route of administration produces a slower onset of action than the intravenous route but usually provides a longer duration of action. The onset of action by this route can be relatively fast with a water-based form (aqueous) and is slower with other diluents (vehicles) such as oil or with other forms such as microfine crystals. When an injectable drug is placed in a substance that delays its absorption, this may be referred to as a depot preparation. Altering the molecule of the drug itself can influence its onset or duration of action. Onset of action usually is inversely related to duration of action. Irritating drugs should not be given by the intramuscular route, and back pressure always should be applied to the syringe plunger before intramuscular administration of a drug to ensure that the injection is not directed into a blood vessel.


The subcutaneous route produces a slower onset of action but a slightly longer duration than the intramuscular route. Irritating or hyperosmotic solutions (i.e., those with a greater number of suspended particles than are found in body fluid) should not be given by this route. (See Chapter 15.)


Quantities of medications that are appropriate for the species or individual being treated should be used to prevent possible dissection of the skin from underlying tissue, which could lead to death or loss (sloughing) of surface skin.


The intradermal route involves injecting a drug into the skin. This route is used in veterinary medicine primarily for testing for tuberculosis and allergies.


The intraperitoneal route is used to deliver drugs into the abdominal cavity. The onset and duration of action of drugs given by this route are variable. This route is used to administer fluids, blood, and other medications when normal routes are not available or are not practical. Problems such as adhesions and puncture of abdominal organs may be caused by this method.


The intraarterial route involves injecting a drug directly into an artery. This route seldom is used intentionally, but this may happen by mistake. Administration of drugs into the jugular vein of a horse must be done with caution to avoid injection into the underlying carotid artery. Intracarotid injection results in delivery of a high concentration of the drug directly to the brain, and seizures or death may result.


Through the intraarticular route, a drug is injected directly into a joint. This method is used primarily to treat inflammatory conditions of the joint. Extreme care must be exercised to ensure that sterile technique is used when an intraarticular injection is given. Technicians usually do not use this route.


The intracardiac route is used to inject drugs through the chest wall directly into the chambers of the heart. This provides immediate access to the bloodstream and ensures that the drug is delivered quickly to all tissue in the body. This method is often used in cases of cardiopulmonary resuscitation and in euthanasia.


The intramedullary route is another route that is seldom used in veterinary medicine. It involves injection of the substance directly into the bone marrow. The bones used most often are the femur and the humerus. The intramedullary route usually is used to provide blood or fluids to animals with very small or damaged veins or for treatment of animals with very low blood pressure.


When spinal anesthesia is provided, drugs may be injected into the epidural or subdural space. The epidural space is outside the dura mater (meninges) but inside the spinal canal. The subdural space is inside the dura mater. Injection of drugs into the subdural space (cerebrospinal fluid) is also called the intrathecal route. A veterinarian usually carries out these methods of drug delivery.

Inhalation

Medications may be delivered to a patient in inspired air by converting a liquid form into a gaseous form through the use of a vaporizer or nebulizer. Examples of drugs that may be given by this route include anesthetics, antibiotics, bronchodilators, and mucolytics.

Topical

Drugs that are administered topically are placed on the skin or on mucous membranes. Drugs generally are absorbed more slowly through the skin than through other body membranes. The rate of absorption may be increased or absorption facilitated by placement of the drug in a vehicle such as dimethyl sulfoxide (DMSO). Medication also may be applied to the mucosa of the oral cavity (sublingual), the rectum (suppositories), the uterus, the vagina, the mammary glands, the eyes, and the ears. In horses, caustic materials may be applied topically to inhibit the growth of exuberant granulation tissue (proud flesh).


Transdermal drug administration is a form of topical administration that involves the use of a patch applied to the skin to deliver a drug through intact skin directly into the blood. This method is used most commonly to administer an analgesic in a slow, continuous manner or to administer compounded drugs to animals when oral administration may be difficult (e.g., cats).


Drug Absorption

Before drugs can reach their site of action, they must pass across a series of cellular membranes that make up the absorptive surfaces of the sites of administration. The degree to which a drug is absorbed and reaches the general circulation is called bioavailability.


The manufacturing process can have a significant effect on the physical and chemical characteristics of drug molecules that influence their bioavailability. Because of manufacturing differences, the generic equivalent form of a drug may differ somewhat from a trademark form in overall efficacy. Bioavailability often is demonstrated with the use of a blood level curve (Figure 1-3). Factors that may affect the absorption process include the following:


• Mechanism of absorption

• pH and ionization status of the drug

• Absorptive surface area

• Blood supply to the area

• Solubility of the drug

• Dosage form

• Status of the GI tract (motility, permeability, and thickness of the mucosal epithelium)

• Interaction with other medications



[image: image]
FIGURE 1-3 The blood level of a drug varies with the passage of time.



Drugs pass across cellular membranes through three common methods. Passive absorption (transport) occurs by simple diffusion of a drug molecule from an area of high concentration of drug on one side of the membrane to an area of lower concentration on the other side. This method requires no expenditure of energy by the cell. The drug may pass through small pores in the cell membrane or may dissolve into the cell membrane on one side, pass through the membrane, and exit on the other side. For example, a disintegrated tablet or capsule results in a high concentration of drug in the GI tract. This concentration then passes through the cellular membranes of intestinal villi and adjacent capillaries, and the drug then appears in lesser concentration in the bloodstream. Alternatively, a drug may cross a membrane passively with the help of a carrier.


Drug transporters also play a major role in drug absorption. The best described transporter is the P-glycoprotein (P-gp). P-gp is produced at the direction of the MDR1 (ABCB1) gene. It uses adenosine triphosphate (ATP) as an energy source to pump drugs from cells. It is found in most mammalian tissue and appears to act in a protective manner. It is useful in intestinal, renal, placental, liver, and brain tissue, where it helps to pump transported drugs out of the body or away from protected sites. The protection is achieved by pumping the drugs into the intestine, bile, or urine for elimination or away from the fetus or brain (Boothe, 2012).


Some small drug molecules such as electrolytes may simply move with fluid through pores in cell membranes. Active transport of drugs across cell membranes moves molecules from an area of lower concentration to an area of higher concentration and requires that the cell use energy. This is the usual mechanism for the absorption of sodium, potassium, and other electrolytes. In pinocytosis, a third method of passive transport, cells engulf drug molecules by invaginating their cell membrane to form a vesicle that then breaks off from the membrane in the interior of the cell. The method of absorption that occurs in a particular situation depends on whether the drug is fat soluble or water soluble, the size and shape of the drug molecule, and the degree of ionization of the drug.


Many drugs can pass through a cell membrane only if they are nonionized (i.e., not positively or negatively charged). Most drugs exist in the body in a state that consists of both ionized and nonionized forms. The pH of a drug and the pH of the area in which the drug is located can determine the degree to which a drug becomes ionized and thus is absorbed. Weakly acidic drugs in an acidic environment do not ionize readily and therefore are absorbed well. The absorption of basic drugs is more favorable in an alkaline environment. If a drug is placed in an environment in which it readily ionizes, such as a mildly acidic drug in an alkaline environment or a mildly alkaline drug in an acidic environment, it does not diffuse and may become trapped in that environment.


As the absorptive surface of the area of drug placement increases, so does the rate of absorption. One of the largest absorptive surfaces in the body is found in the small intestine because the efficient design of the villi maximizes the surface area.


At any site of drug administration, as the blood supply to an area increases, so does the rate of absorption of the drug. Drugs are absorbed from an intramuscular site at a faster rate than from a subcutaneous site because of the proportionately greater blood supply to the muscle. Initiating the fight-or-flight response increases blood flow to the muscle but decreases blood flow to the intestines. Heat and massage also increase blood flow to an area. Poor circulation, which may occur during shock or cardiac failure, decreases blood flow, as does cooling or elevation of a body part. These factors then can positively or negatively influence drug absorption.


Another important factor that determines the rate at which drugs pass across cell membranes is the solubility of the drug. The lipid (fat) solubility of a drug tends to be directly proportional to the degree of drug nonionization. As was stated previously, the nonionized form is the one that usually is absorbed. The degree of lipid solubility of a drug often is expressed as its lipid partition coefficient. A high lipid partition coefficient indicates enhanced drug absorption.


Drug absorption rates often depend on the formulation of the drug. Various inert ingredients, such as carriers (vehicles), binding agents, and coatings, are used to prepare dosage forms. These substances have major effects on the rate at which formulations dissolve. Depot and spansule are terms that are associated with prolonged- or sustained-release formulations in veterinary medicine. Subcutaneous implants that contain growth stimulants that break down slowly and release their products over prolonged periods are used in some situations.


When drugs are given orally, the condition of the GI tract can have a major influence on the rate and extent of drug absorption. Factors such as degree of intestinal motility, emptying time of the stomach, irritation or inflammation of the mucosa (e.g., gastritis, enteritis), damage to or loss of villi (e.g., viral diseases), composition and amount of food material, and changes in intestinal microorganisms can affect the rate and extent of absorbance of medications. Another consideration regarding drugs that are absorbed from the GI tract is the first-pass effect. This refers to the fact that substances are absorbed from the GI tract into the portal venous system, which delivers the drug to the liver before it enters the general circulation. In some instances, a drug then is metabolized in the liver to altered forms; this process may make the drug inactive or less active.


The process of combining some drugs with other drugs or with certain foods can negatively affect drug absorption. The availability of tetracycline is reduced if it is administered with milk or milk products. Antacids may reduce the absorption of phenylbutazone or iron products. Technicians always should consult appropriate references about potential interactions before administering new drugs.

Drug Distribution

Drug distribution is the process by which a drug is carried from its site of absorption to its site of action. Drugs move from the absorption site into the plasma of the bloodstream, from the plasma into the interstitial fluid that surrounds cells, and from the interstitial fluid into the cells, where they combine with cellular receptors to create an action. Equilibrium soon is established between these three compartments while the drug moves from the blood into the tissue and then from the tissue back into the blood (Figure 1-4). How well a drug is distributed throughout the body depends on several factors.
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FIGURE 1-4 Drug distribution establishes an equilibrium between the amount of drug at the site of absorption, the amount in the plasma, and the amount at the cellular receptor sites.



The rate of movement of drug molecules from one of the previously listed compartments to the other is proportional to the differences between the amounts of drug in all areas. The difference between the amounts of drug in two compartments is called the concentration gradient, and as the gradient increases (difference), so does the tendency of the drug to move from the area of higher concentration to the area of lower concentration.


A drug within the plasma comes into contact with various proteins (e.g., albumin) and binds with them or remains free. When a drug is bound to a protein, it becomes inactive and is unavailable for binding with cell receptors or for metabolism. A bound drug may be regarded as a temporary storage site of a drug because a bound drug eventually frees itself from the protein. Low levels of plasma proteins may occur in malnutrition or in certain diseases, and plasma binding may be reduced.


Drugs that are highly lipid soluble tend to move readily from the plasma into the interstitial fluid. Drugs in the nonionized form follow a similar pattern. Once a drug is present in a tissue, it may become bound or stored there. Tissues such as fat, liver, kidney, and bone may act as storage sites for drugs such as barbiturates, inhalation anesthetics, and others. When a drug moves from the storage tissue back into the blood and additional doses are given, an exaggerated or prolonged effect may result because of the additive effects.


Barriers that exist in particular tissues tend to retard the movement of all or certain classes of drugs into them. The exact nature of these barriers has not been well explained in the literature although the P-gp transporter may play an important role. The placenta acts as a barrier to some drugs that could be toxic to a fetus and permits the passage of others. Anesthetics that do not excessively depress a fetus must be chosen when a cesarean section is performed. The so-called blood–brain barrier is generally minimally permeable to all drugs, although it becomes relatively permeable to many antibiotics on inflammation. A defect in the P-gp drug transporter in the blood–brain barrier has been identified in individuals of several dog breeds, including collies, Old English sheepdogs, Australian shepherds, Shetland sheepdogs, and English shepherds and can result in potential toxicity to drugs like ivermectin. The eye also has a barrier that impedes some drugs from diffusing into its tissue.


Disease processes can interfere with drug distribution. Antibiotics usually do not diffuse well into abscesses or exudates. Heart failure and shock can reduce normal blood flow to tissue and thus impede drug distribution. Kidney failure (uremia) can alter the plasma binding of some drugs such as furosemide and phenylbutazone. Liver failure can cause a reduction in the amount of protein (albumin) available for protein binding.


Some clinicians believe that reptiles have a renal–portal system that can distribute potentially toxic levels of a drug to the kidney if the drug is injected into the posterior one third of the body.

Biotransformation

Biotransformation, or metabolism, is the body's ability to change a drug chemically from the form in which it was administered into a form that can be eliminated from the body. Most biotransformation occurs in the liver because of the action of microsomal enzymes called cytochrome P450 enzymes found in liver cells. These enzymes induce chemical reactions that change the drug chemically to allow elimination in the urine or bile. Once a drug has been biotransformed, it is called a metabolite. Metabolites are usually inactive, but in some cases, may have similar, less, or more activity. Some biotransformation does occur in other tissues such as the kidney, lung, and nervous system.


The following four chemical reactions are induced by microsomal enzymes in the liver to biotransform drugs:


1. Oxidation—loss of electrons

2. Reduction—gain of electrons

3. Hydrolysis—splitting of the drug molecule and addition of a water molecule to each of the split portions

4. Conjugation—the addition of glucuronic acid or similar compounds to the drug molecule; when these compounds are attached to a drug molecule, the drug becomes much more water soluble.



Biotransformation reactions involving oxidation, reduction, or hydrolysis are called phase I reactions, while reactions involving conjugation are called phase II reactions. Drugs may be processed through both phases or only phase II. As a rule, phase I reactions make drugs more water soluble and because of this more susceptible to phase II metabolism. Phase II reactions generally make the drugs water soluble enough for elimination by the kidneys (Boothe, 2012).


Many factors, including species, age, nutritional status, tissue storage, and health status, can alter drug metabolism. Cats have limited ability to metabolize aspirin, narcotics, phenols, and barbiturates because of their reduced ability to form glucuronic acid. Young animals usually have poor ability to biotransform drugs because their liver enzyme systems are not fully developed until around 3 months of age. Old animals have a decreased capacity to biotransform because their ability to synthesize needed liver enzymes may be impaired. Malnourished animals have fewer protein raw materials available for use in manufacturing enzymes for biotransformation, and animals with liver disease are not able to process the raw materials available for enzyme production. Drugs present in storage compartments such as fat or plasma proteins are not available to be metabolized.

Drug Excretion

Most drugs are metabolized by the liver and then are eliminated from the body by the kidneys via the urine. They can be excreted, however, by the liver (bile), mammary glands, lungs, intestinal tract, sweat glands, salivary glands, and skin. An understanding of the route of excretion of drugs is very important because alterations or diseases of a particular organ can cause a reduced capacity to excrete the drug, and toxic accumulation may result. For example, the anesthetic agent ketamine can cause serious central nervous system (CNS) depression in cats with urinary obstruction because the kidneys excrete this drug.


Kidneys excrete drugs by two principal mechanisms. The first method is called glomerular filtration. A glomerulus and its corresponding tubule make up the individual functional unit of the kidney, called a nephron. A glomerulus acts like a sieve to filter drug molecules (metabolites) from the blood into the glomerular filtrate, which is then eliminated as urine (Figure 1-5). The second mechanism that kidneys use to excrete drugs is called tubular secretion. Kidney tubule cells secrete metabolites from the capillaries surrounding the tubule and into the glomerular filtrate, which becomes urine as it exits the kidneys. In some instances, drug molecules may be reabsorbed from the glomerular filtrate back into the blood through tubular reabsorption.
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FIGURE 1-5 The kidneys eliminate or conserve drug metabolites by glomerular filtration (1), tubular reabsorption (2), and tubular secretion (3).



It is important that the nephrons (glomerulus and corresponding tubule) are healthy and that they have an adequate blood supply, so they can do an effective job of excreting metabolites. The lower urinary tract (bladder and urethra) also must be functioning normally, so filtered or secreted metabolites can be eliminated. If any part of this system from the glomerulus to the urethra is compromised or diseased, toxic levels of a drug may accumulate.


The liver excretes drugs by first incorporating them into bile, which is eliminated into the small intestine. In the small intestine, the drug then may become a part of the feces and be eliminated from the body, or it may be reabsorbed into the bloodstream (Figure 1-6).
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FIGURE 1-6 Drugs or their metabolites in the intestine may be eliminated in the feces or absorbed/reabsorbed for a pass through the liver.



Some drugs or their metabolites may pass directly from the blood and into the milk via the mammary glands. This is an important consideration because of the potential effects of the drug on nursing offspring or on people who drink the milk. Quantities of drug that remain in animal products when they are consumed are called residues. Residues found in milk, eggs, or meat products are potentially dangerous to people for the following reasons:


• People may be allergic to the drug.

• Prolonged exposure to antibiotic residues can result in resistant strains of bacteria.

• Residue of some drugs may cause cancer in humans.



Drugs that convert readily between a liquid and a gaseous state (gas anesthetics) may be eliminated from the blood via the lungs. These gas molecules move from the blood into the alveoli of the lungs to be eliminated in expired air.


Drugs that are given orally and are not absorbed readily from the intestinal tract may pass through the tract and be eliminated through feces. As was mentioned previously, some drugs are excreted through the bile into the intestinal tract, and a few may be actively secreted across the intestinal mucosa into the intestine for elimination.


Some drugs are eliminated through sweat and saliva, although these routes usually are not clinically important. The rate of drug loss from the body can be estimated by calculating the drug's half-life. The half-life is the time required for the amount of drug present in the body to be reduced by one half (Figure 1-7).
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FIGURE 1-7 This graph illustrates a drug half-life of 1 hour.





Pharmacodynamics

Pharmacodynamics is the study of the mechanisms by which drugs produce physiologic changes in the body. Drugs may enhance or depress the physiologic activity of a cell or a tissue. Drug molecules combine with components of the cell membrane or with internal components of the cell to cause alterations in cell function. The way in which drugs combine with structures (receptors) on or in a cell can be compared with a lock-and-key model. The geometric match of a drug molecule and a cellular receptor must be exact for the appropriate action to occur (Figure 1-8). The tendency of a drug to combine with a receptor is called affinity, and the degree to which the drug binds with its receptor helps to determine drug efficacy. A drug with a high level of affinity and efficacy causes a specific action and is an agonist. A drug with less affinity and efficacy is a partial agonist. A drug that blocks another drug from combining with a receptor is an antagonist. The combining of a drug with its receptor causes a particular drug action, and this interaction produces a particular drug effect. Examples of drug effects include stimulation, depression, irritation, and cell death. Sometimes, a drug replaces a substance that is missing or is in short supply in the body.
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FIGURE 1-8 Drug molecules must combine with specific cellular receptors to exert their effects.



A dose–response curve displays the relationship between the dose of a drug and the body's response. The dose–response curve shows that as a dose increases, an increase in response occurs until a maximum response or plateau is achieved. No drug produces a single effect. Low doses of a narcotic may be used to treat patients with diarrhea. Higher doses may be used for pain relief, and even higher doses may depress the respiratory system. The potency of a drug is described as the amount of a drug needed to produce a desired response and is represented by a position along the dose–response curve.


The efficacy of a drug represents the degree to which a drug produces its desired response in a patient. Once the efficacy level of a drug has been reached, increasing the dose does not improve the effect.


The therapeutic index is the relationship between a drug's ability to achieve the desired effect and its tendency to produce toxic effects. The therapeutic index, which is expressed as the ratio between the LD50 and the ED50, quantitates the drug's margin of safety. The LD50 is the dose of a drug that is lethal to 50% of the animals in a dose-related trial. The ED50 is the dose of a drug that produces the desired effect in 50% of the animals in a dose-related trial. The index is calculated as follows: therapeutic index = LD50/ED50.


The larger the number that is produced by dividing the LD50 by the ED50, the greater the level of safety. Drugs with a narrow margin of safety (low therapeutic index) must be administered with caution to prevent toxic or fatal effects. The drugs used to treat cancer often have a low therapeutic index.


An adverse drug event is harm to a patient caused by administration of a drug for therapeutic or diagnostic reasons. It may be due to a medication error such as using the wrong drug, the wrong dose, or the wrong interval or administering the drug to the wrong patient. Another cause of an adverse event is the adverse drug reaction. An adverse reaction is due to the inherent properties of the drug itself. Adverse reactions may range from mild dermatitis to anaphylactic shock and death. Poor quality or purity of the drug may cause an adverse reaction. Some patients may react to carriers or binders of the drugs rather than the drug themselves. Aminoglycosides can cause harm to the kidney or eighth cranial nerve and impair hearing. Drugs can cause changes in the skin that make it more sensitive to light. This type of reaction is called photosensitivity.


Other types of adverse responses include abortion, liver or kidney damage, infertility, vomiting or diarrhea, and cancer. An unusual or unexpected reaction is called an idiosyncratic drug reaction. All adverse reactions should be reported to the drug manufacturer or the FDA. If the report is made to the drug company, the company is obligated to report the incident to the FDA.

Drug Interactions

An altered pharmacologic response to a drug that is caused by the presence of a second drug is called a drug interaction. The normal response to the drug may be increased or decreased as a consequence of this interaction. The interaction may be beneficial or harmful to the patient.


Drug interactions can be classified as pharmacokinetic, pharmacodynamic, or pharmaceutic. A pharmacokinetic interaction is one in which plasma or tissue levels of a drug are altered by the presence of another. This alteration may be due to changes in absorption, distribution, metabolism, or excretion of the other drug. Metoclopramide hastens gastric emptying and promotes the delivery of a drug to the small intestine for absorption. When calcium and tetracycline are administered at the same time orally, calcium binds the tetracycline and the complex is not absorbed. Displacement of albumin-bound drugs by other drugs with a greater binding affinity may result in an increase in the free drug, leading to an increased response. Many drugs are metabolized by the cytochrome P-450 enzyme system found in the liver, and several drugs can alter (increase or decrease) the activity of the P-450 system, causing drug interactions.


A pharmacodynamic interaction is one in which the action or effect of one drug is altered by another. These reactions occur at the site of drug action. These actions may be antagonistic (reversal of an alpha agonist with yohimbine), additive (CNS depression with combinations of preanesthetics), or synergistic (sulfonamide-trimethoprim combinations).


A pharmaceutic interaction occurs when physical or chemical reactions take place as a result of mixing of drugs in a syringe or other container. Amphotericin B may form a precipitate when mixed with electrolyte solutions other than 5% dextrose. Diazepam may precipitate if mixed with certain drugs. Furosemide may be chemically inactivated if mixed with an acid medium (Boothe, 2012).


Drug interactions are described as involving an object drug (the one being acted on) and a precipitant drug (the one that influences the other; Mealey, 2002). Table 1-2 lists selected drug combinations that may have undesirable consequences.




[image: image] Technician Notes



• It generally is recommended that mixing of drugs in the same syringe or fluid administration system should be avoided unless the drugs are known to be compatible.

• When two drugs metabolized by the liver are given, one should anticipate a drug interaction.

• Concurrent use of drugs from the “behavior modifying” category can cause serious problems such as serotonin syndrome or hypertensive reactions.







TABLE 1-2


Drug Combinations That May Have Undesirable Consequences



	PRECIPITANT DRUG
	OBJECT DRUG
	CONSEQUENCES




	Antacids
	Tetracycline
	Reduced absorption of tetracycline



	Ketoconazole
	Digoxin, cyclosporine, tricyclic antidepressants
	Decreased metabolism of object drugs



	Sucralfate
	Fluoroquinolones
	Reduced absorption of quinolones



	Fluoroquinolones
	Theophylline
	Decreased metabolism of theophylline



	Omeprazole
	Ketoconazole/itraconazole
	Decreased oral absorption of object drugs



	Phenobarbital
	Theophylline, doxycycline, beta blockers
	Increased metabolism of object drugs (cytochrome P-450 induction)



	Cimetidine
	Diazepam and theophylline
	Decreased metabolism of object drugs (cytochrome P-450 inhibition)



	MAO Inhibitors
	Amitraz, selective serotonin reuptake inhibitors, tricyclic antidepressants, other MAOs
	Dangerous accumulation of biogenic amines leading to serotonin syndrome or hypertensive state



	Tetracyclines
	Penicillins
	Tetracyclines slow bacterial growth and inhibit penicillins that are most effective against rapidly growing bacteria





MAO, Monoamine oxidase.



Drug Names

When a company completes the exhaustive research and development necessary to gain FDA approval to market a drug, it names this drug and has exclusive rights to the drug for the duration of the patent. During this time, no other company can manufacture the drug. This allows the original manufacturer time to recoup the cost of research and development and to earn a profit. On expiration of the patent, other companies may produce the drug. When other companies manufacture this previously developed product it is called a generic equivalent.


During the course of its testing, development, and marketing, a drug may be assigned several different names. These multiple names can be a source of confusion. For practical purposes, drugs are given the following types of names:


• Chemical—the name that describes the molecular structure of a drug. These names are scientifically very accurate, but they are complex and impractical for use in clinical settings.

• Code or laboratory—the name given to a drug by the research and development investigators. It is used for communication between research teams and consists of abbreviations and code numbers.

• Compendial—the name listed in the United States Pharmacopoeia (USP). The USP is the legally accepted compendium that lists drugs and standards for their quality and purity.

• Official—usually the same as the compendial or generic name.

• Proprietary or trade—the name chosen by the manufacturing company. When it is registered, it is the exclusive property of the company. A name that is short and can be easily recalled is usually selected for the proprietary name. Federal copyright and trademark laws protect this name. On drug container labels, in package inserts, and in drug references, the proprietary name can be distinguished by a superscript R with a circle around it after the name.

• Generic—the common name chosen by the company. It is not the exclusive right of the company. It may be the same as the official or compendial name. These are drugs with patents that have expired, or they were never patented.



Table 1-3 provides chemical, generic, and proprietary names of three common drugs.




TABLE 1-3


Drug Chemical, Generic, and Trade Names








	CHEMICAL NAME

	GENERIC NAME

	TRADE NAME









	22,23-dihydroavermectin B1a

	Ivermectin

	Heartguard





	22,23-dihydroavermectin B1b

	 
	Ivomec





	 
	 
	Eqvalan





	dl 2-(o-chlorophenyl)-2-(methylamino) cyclohexanone hydrochloride

	Ketamine hydrochloride

	Ketaset





	 
	 
	Ketaject





	 
	 
	Vetalar





	D(-)-α-amino-p-hydroxybenzyl-penicillin trihydrate

	Amoxicillin

	Amoxil





	 
	 
	Amoxi-Tabs





	 
	 
	Trimox











In textbooks and other scholarly works, generic names begin with a lowercase letter, and proprietary names begin with a capital letter. This practice is followed throughout this text (e.g., ketamine [Ketaset]).

Drug Labels

The Center for Veterinary Medicine (CVM) of the FDA requires that drug container labels list the following items (Webb and Aeschbacher, 1993):


• Drug names (both generic and trade names)

• Drug concentration and quantity

• Name and address of the manufacturer

• Controlled substance status (if applicable)

• Manufacturer's control or lot number

• Drug's expiration date



It is required that the label also list instructions for use of the drug and warnings of possible adverse effects of the drug. Because the label on the container usually has limited space, many manufacturers list this added information in an insert. An insert is a small folder that is placed inside the box with the drug container or is provided as a tear-off portion of the label.


The trade name usually is placed first on a drug label and is scripted in bold letters (Figure 1-9). The generic name typically follows the trade name in smaller print. The label must display the concentration (strength) of a drug and the total quantity in the container. Drug strength often is expressed as milligrams or units per dosage unit (e.g., mg/mL or mg/capsule). Some drugs are sold in different concentrations with similar labels, and underdosing or overdosing can result. When the same drug is marketed in different strengths with similar labels, some companies use different sizes of bottles for the different strengths and display the concentrations in bold print. Atropine and xylazine are examples of drugs that are marketed in different concentrations for large and small animals.


[image: image]
FIGURE 1-9 A label showing the components of a drug as required by the U.S. Food and Drug Administration. (Courtesy Zoetic, Inc., Exton, Pa.)



The label must include the name and address of the manufacturer of the drug. This is important so that one can know whom to contact if adverse drug reactions occur or if other problems with the drug arise.


Drugs that have potential for abuse by humans are controlled under the Comprehensive Drug Abuse Prevention and Control Act of 1970. The Drug Enforcement Administration places drugs into categories or schedules according to their potential for abuse and requires that the label of a container for a controlled substance be identified with a capital C, followed by a Roman numeral that identifies which of the five categories is appropriate. This labeling must be placed on the upper right side of the container label.


Drug labels must list an expiration date for the product. This is to ensure that dispensed drugs have the intended safety and efficacy. Drugs are tested during development to determine the effective shelf life and proper storage conditions. Some drugs must be stored in refrigeration, and others must be stored in light-resistant (amber) containers to ensure that the shelf life is not shortened. Storage instructions on the label should be followed carefully so as not to invalidate the expiration date.


All drugs must have a lot or batch number on the label. The purpose of the lot number is to allow the manufacturer to know the exact time and date of production of the product and the quality and quantity of the ingredients. The lot number is determined by the manufacturer and may consist of numbers or numbers and letters.


Another feature that is often found on a drug label but that is not required by the FDA is the national drug code (NDC) number. The NDC is a 10-digit number that identifies the manufacturer or distributor, the drug formulation, and the package size.


Drugs intended for animals that may later be consumed by humans must have the appropriate withdrawal time listed on the insert or label.

Development and Approval of New Drugs

The federal government requires that, before any new animal health product can be marketed, its safety and efficacy must be proved through rigorous testing. This testing requires the expenditure of much time and money. It has been estimated that, on average, it takes 10 years or more at a cost of millions of dollars to the manufacturer to place a new drug on the market. The steps in this process are outlined in Figure 1-10.
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FIGURE 1-10 A flow chart of the animal health product approval process. *Throughout its market life,a product is monitored by the manufacturer and the appropriate government agency to ensure its continued safety. APHIS, Animal and Plant Health Inspection Service; EPA, Environmental Protection Agency; EUP, Experimental Use Permit; FDA, U.S. Food and Drug Administration; INAD, Investigational New Animal Drug; NADA, New Animal Drug Application; NVSL, National Veterinary Services Laboratory; PPA, Pesticide Permit Application; USDA, U.S. Department of Agriculture. (From Etchison K: The path to approval: how research discoveries become federally licensed products. Top Vet Med 4:13, 1993.)



The development of new animal health products begins in the research and development department of the manufacturing company. The company wants to ensure that the drug not only is safe and effective for animals but also is safe for the environment and for the people who will consume products from animals treated with the drug. The company wants to be certain that a market is available for the product, that it will be produced at a cost that is reasonable for consumers, and that the product will be profitable for the company.

Regulatory Agencies

The three agencies of the U.S. government that regulate animal health products are the FDA, the Environmental Protection Agency (EPA), and the U.S. Department of Agriculture (USDA). The FDA regulates the development and approval of animal drugs and feed additives through its Center for Veterinary Medicine. The EPA regulates the development and approval of animal topical pesticides, and the USDA regulates the development and approval of biologics (vaccines, serums, antitoxins, and similar products).

The Food Animal Residue Avoidance Databank

The Food Animal Residue Avoidance Databank (FARAD), a project sponsored by the USDA Extension Service, serves as a repository of residue avoidance information and educational materials. FARAD provides expert advice concerning the avoidance of drug residues in an effort to achieve its goal of producing “safe foods of animal origin.” FARAD produces a compendium of FDA-approved drugs and provides information about withholding times for milk and preslaughter withdrawal times for meat. The information in this compendium is available online (www.farad.org), and direct telephone access is provided for situations in which online information is not sufficient.


Steps in the Development of a New Drug

Preliminary Trials

When a new drug or product shows the potential for development by a company, it is first subjected to a series of preliminary trials. The company wants to know whether the product will actually perform as expected, whether it has potentially harmful adverse effects, and whether it will be profitable to market. If these concerns are satisfactorily answered, testing begins. First, the product is tested in a laboratory on simple organisms such as bacteria, yeasts, or molds. Computer models may be used to simulate animal models at this time.

Preclinical (Animal Safety) Trials

If preliminary trial findings prove satisfactory, the next step involves preclinical trials. These trials usually are carried out with the use of laboratory animals to gather information about appropriate doses of the drug. A few target (intended species) animals also may be used. If the results of the preclinical trials are satisfactory, the company then notifies the appropriate government agency that a new drug is under investigation. It does this by filing an Investigational New Animal Drug (INAD) application with the FDA. If the product is a pesticide, the company files for an Experimental Use Permit (EUP) from the EPA. If a biologic is involved, the company contacts the Animal and Plant Health Inspection Service of the USDA.

Clinical Trials

By this time, the manufacturer has compiled enough information to decide whether the product should be tested in the target species. These tests must prove that the drug is safe and effective. Potential toxic and adverse effects must be identified. Tissue residue and withdrawal time information must be accumulated if the product will be used in food-producing animals. Possible toxic effects on pregnant animals are explored, along with information about the potential for birth defects (teratogenesis). Shelf life studies also must be conducted to establish expiration date data. Results of these studies are validated through the use of statistical analysis.

Submission of a New Animal Drug Application

If the manufacturing company decides to market the drug, it then must file with the FDA a New Animal Drug Application (NADA). Procedures for pesticides and biologics are similar.

Final Review by the Food and Drug Administration

Volumes of research are submitted to the FDA, EPA, or USDA for review. Approval and a license for manufacture are granted if the appropriate agency validates the information.

Product Monitoring

As long as a product is marketed, it is monitored constantly by the company and the government to ensure its continuing safety and efficacy.

The Green Book

The Green Book is a list of all animal drug products that have been approved by the FDA for safety and effectiveness. This list was first published in 1989 as a cooperative, nonprofit effort between the USDA and Virginia Polytechnic Institute and State University. It is funded through an interagency agreement between the USDA and the FDA. Monthly updates are made to the list, and the entire list is published each January. The Green Book is available electronically at the FDA-CVM Web site (http://www.fda.gov/AnimalVeterinary/Products/ApprovedAnimalDrugProducts/default.htm).




Federal Laws Related to Drug Development and Use

In 1906, Congress passed the first legislation designed to regulate the manufacture, use, and sale of drugs. Table 1-4 provides a list of the major acts of legislation related to drug development and use and briefly describes the significance of each.




TABLE 1-4


Federal Laws Regulating the Use of Pharmaceutics








	DATE

	LEGISLATION

	SUMMARY









	1958

	Food additives amendment

	Regulation of substances added to food for human consumption. Delaney clause specifies that no additive that causes cancer in humans or animals may be used.





	1962

	Kefauver-Harris amendment

	Provided for safety and effectiveness of drugs by strict control of manufacturing for new animal drugs





	1968

	Animal drug amendment

	Provided regulations for new animal drugs





	1970

	Comprehensive drug abuse and control act

	Placed controlled substances into schedules according to their potential for abuse. Called for registration of veterinarians





	1988

	Generic Animal Drug and Patent Term Restoration Act

	Allowed companies to produce and sell generic versions of animal drugs approved after October 1962 without duplicating original research





	1994

	Animal Medicinal Drug Use Clarification Act (AMDUCA)

	Allows veterinarians under specific conditions to prescribe veterinary drugs in an off-label manner. It also allows human drugs to be used in animals under certain conditions.





	1996

	Animal Drug Availability Act

	Created a new category of drugs, Animal Feed Drugs. Allows animal drugs to be added to animal feeds under the direction of a veterinarian. Supports flexible labeling of dosages on some products





	2003

	Animal Drug User Fee Act

	Allows the FDA to collect fees from sponsoring companies for the review of certain animal drug applications





	2004

	Minor Use and Minor Species Health Act

	Allows FDA-approved drugs to be used for treating minor species and for uncommon uses in major species





	2008

	Animal Generic Drug User Fee

	Allows FDA to collect fees from sponsoring companies to study means of expediting the animal generic drug review process








FDA, U.S. Food and Drug Administration.




The Animal Medicinal Drug Use Clarification Act

In 1994, Congress passed the Animal Medicinal Drug Use Clarification Act (AMDUCA). This legislation made extralabel use of approved veterinary drugs legal under specific well-defined conditions. This act came about because of the lobbying efforts of the American Veterinary Medical Association (AVMA) and other groups in response to the FDA, which had tightened its policies on extralabel use of veterinary drugs. Previously, veterinarians had been permitted to use any drug as long as it could be legally obtained, was used according to sound professional practice, and left no residue in food products. However, public concerns over food safety issues related to residues of substances such as diethylstilbestrol, chloramphenicol, and antibiotics caused the FDA to issue compliance policy guidelines (CPGs) that made extralabel use illegal. Even though the FDA would not routinely prosecute veterinarians for extralabel use after issuance of the CPGs, practitioners nonetheless were placed in the position of breaking federal law to meet their obligations to animals and their owners. The AMDUCA allows veterinarians to legally select the most efficacious drugs for their patients. The AVMA issued an AMDUCA Guidance Brochure in 1998. This brochure outlines requirements of the act and provides an algorithm that can be used to determine when extralabel use is appropriate.


A section of the AMDUCA states that the FDA may prohibit or restrict extralabel use in animals if the agency finds that such use presents a risk to the public health. The following drugs and substances are prohibited or restricted for extralabel use in all food-producing animals.


Prohibited:


• Chloramphenicol

• Clenbuterol

• Crystal (Gentian) Violet

• Diethylstilbestrol or DES

• Dipyrone

• Fluoroquinolone-class antibiotics

• Glycopeptides—all agents including vanco­mycin

• Nitroimidazoles—all agents, including dimetridazole, ipronidazole, metronidazole and others

• Medicated feeds

• Nitrofurans—all agents, including furazolidone, nitrofurazone and others.



Restricted:


• Antiviral agents

• Cephalosporin-class antibiotics except cephapirin (cattle, chickens, pigs, and turkeys)

• Phenylbutazone (all female dairy cattle 20 months of age or older)

• Sulfonamide-class antibiotics (lactating dairy cattle)

• Indexed drugs (legally marketed unapproved drugs)



Compounding of Veterinary Drugs

FDA-approved drugs are labeled for specific therapeutic uses in defined species. Because veterinarians must treat a variety of animal species that may vary greatly in size, it is not always possible to use an approved drug for every clinical situation; therefore, veterinarians may have to dilute or combine (compound) existing medications. For example, it may be in the best interest of a horse to combine more than one drug in a single syringe to minimize the number of injections. It also may be essential to dilute an injectable agent to obtain an appropriate concentration for a bird or mouse or to prepare an antidote (e.g., sodium sulfate) that is not commercially available. None of these activities would be permitted under a strict interpretation of FDA regulations, which traditionally have not distinguished the act of diluting or combining drugs from the act of manufacturing. Any alteration of a drug by a veterinarians or their employees that changes the concentration of the active ingredient, the preservatives, or the vehicles results in a new animal drug that is subject to the FDA approval process (Davidson, 1997). Recognizing the difficulties imposed by these regulations, the FDA issued a CPG (608.400) in 1996 to better define the conditions for which compounding is permitted. These conditions include but may not be limited to (1) identification of a legitimate veterinary medical need; (2) the need for an appropriate regimen for a particular species, size, gender, or medical condition; (3) lack of an approved animal or human drug that when used as labeled will treat the condition; and (4) too long a time interval for securing the drug to treat the condition.

The Veterinary Feed Directive

Congress established the Veterinary Feed Directive (VFD) as part of the Animal Drug Availability Act of 1996. The VFD established a new category of drugs “as an alternative to prescription status” for certain antimicrobial animal feed additives. Before this directive, all commercially available animal drugs for use in medicated feeds were available on an over-the-counter basis. The VFD therefore provides the FDA CVM greater control over the use of some new animal feed additives. The use of VFD drugs requires a valid veterinarian–client–patient relationship and the issuance of a VFD form by a veterinarian. The animal producer must secure the VFD form from the veterinarian and must present it to a feed mill to receive the medicated feed. The FDA has on its website “Blue Bird” labels to guide feed mills when labeling feeds treated with medication premixes. These labels ensure the safe and appropriate use of these feeds.

The Minor Use and Minor Species Animal Health Act

There is a shortage in the United States of approved animal drugs intended for use in less common animal species or those with less common conditions. The drugs that do exist may not be used legally in the animals that need the treatment. The Minor Use and Minor Species (MUMS) Animal Health Act of 2004 is intended as a mechanism to provide FDA-authorized drugs for those less common species and indications, similar to the human Orphan Drug Act of 1983. MUMS specifically defines the provision of labeled drugs for minor species, including sheep, goats, game birds, emus, ranched deer, alpacas, llamas, deer, elk, rabbits, guinea pigs, pet birds, reptiles, ornamental and other fish, shellfish, wildlife, and zoo and aquarium animals. MUMS is also designed to provide major species (e.g., cats, dogs, horses, cattle, swine, turkeys, chickens) with needed drugs for uncommon indications (minor uses).



Dispensing Versus Prescribing Drugs

Although most physicians prescribe drugs, most veterinarians prescribe and dispense them. The primary reason why veterinarians maintain a pharmacy in their hospitals is that drug sales represent an important source of income. Food animal practitioners in particular use profit from drug sales to supplement their income because it may be difficult for them to charge sufficiently for their time. Another reason why veterinarians dispense drugs from their hospitals is that human pharmacies usually do not stock veterinary drugs. A few drugs are available only from human pharmacies, and others are used so infrequently that veterinarians find it more practical and economical to write a prescription for them.

Marketing of Drugs

Pharmaceutic products are purchased by veterinarians from various sources. Some products are purchased directly from the manufacturer by telephone or by mail; others are obtained from sales representatives (detail persons) who call on veterinary clinics. Distributors (wholesalers) are companies that buy products from many different manufacturers and then resell the products to veterinarians through sales representatives or by phone. Generic drug companies sell generic products under their own label, usually by mail order.


Most of the pharmaceutic manufacturers are large companies that have separate divisions. One division sells products to veterinarians only, and the other sells over-the-counter products. It should be noted that the statement “sold to graduate veterinarians only” on a drug label does not mean that the product is a prescription drug. It only indicates a sales policy of the company. In a few instances, the same product is sold under different labels to veterinarians only and to over-the-counter markets. Some feed stores and cooperatives are able to sell over-the-counter products (similar to products sold by veterinarians) to consumers at prices lower than veterinarians can charge because of the quantity purchasing power of the stores. This can be a source of tension between veterinarians and retail markets.


In recent years, Internet pharmacies have emerged on the marketing scene. Many clients attempt to use these resources because of the reduced cost of some products. The primary concern in the veterinary community is that some Internet pharmacies are supplying prescription drugs to consumers without the authorization of a veterinarian with a veterinarian–client–patient relationship. The prescription may be issued by an out-of-state veterinarian who responds to client questionnaire information rather than through actual patient and client contact. Solving these problems may be difficult because the FDA regulates the drug products themselves, not the practice of the pharmacy. The board of pharmacy in the individual states where the Internet pharmacy is located and registered regulates the practice of pharmacy. The board of pharmacy in states where consumers are given prescriptions enforces requirements for out-of-state pharmacies. A program called “Vet-VIPPS” may be used to help validate the legitimacy of online pharmacies. Vet-VIPPS is a voluntary certification program that was created by the National Association of Boards of Pharmacy (www.nabp.net). The Vet-VIPPS seal of approval validates that the online pharmacy is appropriately licensed and is conducting business legitimately. A related issue is the sale of “ethical products” by these Internet companies. These are products for which the manufacturer has voluntarily limited their sale to veterinarians as a marketing decision. Some flea and tick control products are ethical products registered with the EPA or the FDA in the over-the-counter category. Improper sale of these ethical products may then be an ethical rather than a legal issue. Another controversial issue involving Internet pharmacies is the alleged use of imported drugs that have not been approved by the FDA.

Disposal of Unwanted Drugs

Improper disposal of unused drugs can be a potential risk to people, animals, and the environment. When unwanted drugs are placed in the trash without placement in a secure container, accidental poisonings of people or animals are possible. Several studies have found pharmaceuticals in drinking water, lakes, and rivers. The AVMA recommends six basic practices for the disposal of unwanted pharmaceuticals to avoid potential risks of improper disposal of these products (Anonymous, 2012):


1. Incinerate unwanted drugs when possible. The drugs should be placed in leak-proof, tamper-resistant packing to prevent diversion. An absorbent such as kitty litter should be added to liquids. Liquids in syringes should be evacuated in an absorbent material and the material placed in a leak-proof container for disposal. Drugs in a labeled container should have all personal information blacked out; however the drug information should be visible. The drugs should be placed in a leak-proof, tamper resistant container. The containers with the drugs scheduled for disposal should be marked “For Incineration Only” and stored in a locked container until time for disposal. State and federal guidelines should be followed when incinerating unwanted pharmaceuticals.

2. Unused drugs should be sent to the landfill when incineration is not possible. Drugs should be prepared for sending to the landfill in a similar manner to those being incinerated. The containers should be marked for landfill disposal and kept locked until the time of disposal.

3. Never flush unwanted pharmaceuticals down the toilet or drain. Drugs flushed down the toilet or drain may show up in the water supply and may be a cause of potential danger to consumers similar to those caused by drug residues in animal products. Antibiotic resistance, allergic responses, and poisonings are some of the potential consequences.

4. Maintain close inventory control. Keeping a close watch over practice inventories can reduce the amount of expired and unused drugs. Prescriptions may be written for infrequently used drugs to prevent in-house expiration. Drugs nearing their expiration date should be returned to the distributor when feasible.

5. Always follow federal and state guidelines. While reverse distributors may be used to dispose of controlled substances held by veterinary clinics (Appendix F), the AVMA recommends that law enforcement agencies be used by clients for the disposal of unwanted controlled substances prescribed for their pets.


6. Educate clients on proper disposal.






Review Questions



1. Define the following terms:


a. Agonist ______________________

b. Contraindication _____________________

c. Efficacy ______________________

d. Over-the-counter drug _________________

e. Prescription drug _____________________

f. Receptor ______________________

g. Therapeutic index ____________________

h. Withdrawal time _____________________

i. Veterinarian–client–patient relationship ______________________

2. List four sources of drugs used in veterinary medicine. ____________________________________________________________________

3. What are four components of a drug regimen? ______________________

4. Discuss the conditions that must be met before a valid veterinarian–client–patient relationship can be shown to exist. __________________________________________________________

5. Discuss the responsibilities of a veterinary technician in the administration of drug orders. ______________________

6. Describe the sequence of events that a drug undergoes from administration to excretion. ______________________

7. List 11 possible routes for administering a drug to a patient, and discuss the advantages and/or disadvantages of each. ___________________

8. List some of the factors that influence drug absorption. ______________________________________________________________________________________________________________________________________________

9. Most biotransformation of drugs occurs in which of the following?

a. Kidney

b. Liver

c. Spleen

d. Pancreas

10. Most drug excretion occurs via which of the following?

a. Kidneys

b. Liver

c. Spleen

d. Intestine

11. Drugs usually produce their effects by combining with specific cellular ______________________.

12. The drug name that is chosen by the manufacturer and that is the exclusive property of that company is called ______________________.

13. What are six items that must be included on a drug label? ______________________

14. What are three government agencies that regulate the development, approval, and use of animal health products? ______________________________________________________________________________________________

15. Why do many veterinary clinics dispense rather than prescribe most of the drugs that they use? ______________________

16. Describe the marketing of animal health products. ______________________

17. All FDA-approved veterinary drugs are listed in the publication entitled _______________________________________________________________________________________________.

18. What is the purpose of FARAD? ______________________

19. Extralabel veterinary drug use was made legal (under prescribed circumstances) by what act of Congress? ______________________

20. Define compounding. ____________________

21. What are the potential dangers of residues in animal products? ______________________

22. List three classes of drug interactions.

a. ______________________

b. ______________________

c. ______________________

23. Drug interaction can be anticipated when two drugs are given that are both metabolized by the ______________________.

24. Define “ethical product.” ________________

25. Once a drug has been biotransformed, it is called a ______________________.

26. An(a) ________ is a reason to use a drug.

a. contraindication

b. indication

27. The diagnostic method of choosing a drug is based on all of the following except ______.

a. practical experience

b. assessment of the patient

c. obtaining a history

d. performing laboratory tests

28. Extralabel use means ______________.

a. sold over the counter (OTC)

b. using a drug in a way not specified by the label

c. using a drug according to the empirical method

d. deciding how long the drug should be given

29. All the following are true about a veterinarian–client–patient relationship except:

a. The veterinarian has seen and treated all the client's pets except a dog for which the owner would like to buy heartworm preventative.

b. The veterinarian has assumed responsibility for making clinical judgments about the health of the animal(s) and the need for treatment, and the client has agreed to follow the veterinarian's instructions.

c. The veterinarian has sufficient knowledge of the animal(s) to issue a diagnosis. The veterinarian must have recently seen the animal and must be acquainted with its husbandry.

d. The veterinarian must be available for follow-up evaluation of the patient.

30. _______ is the complex sequence of events that occurs after a drug is administered to a patient.

a. Half-life

b. Metabolism (biotransformation)

c. Pharmacokinetics

d. Residue

31. Parenteral drugs are administered ____________.

a. orally

b. by injection

c. SC

d. ID

32. __________ is the body's ability to change a drug chemically from the form in which it was administered into a form that can be eliminated from the body.

a. Half-life

b. Metabolism (biotransformation)

c. Pharmacokinetics

d. Residue

33. The _____ of a drug represents the degree to which a drug produces its desired response in a patient.

a. pharmacodynamics

b. pharmacokinetics

c. efficacy

d. metabolism

34. An adverse drug reaction is always life threatening.

a. True.

b. False.

35. All the following agencies regulate animal health products except _____________.

a. FDA

b. EPA

c. AVMA

d. USDA

36. List the six practices recommended by the AVMA for the safe disposal of unwanted drugs____________________________________________________.
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Chapter 2

Routes and Techniques of Drug Administration

Outline
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Learning Objectives


After studying this chapter, you should be able to




1. Discuss the many types of available drug forms.


2. List and explain the six rights of administering medication.


3. Name available types of syringes and needles, and describe their common uses.


4. Correctly read doses in a syringe.


5. Explain the techniques available for administering medications, the routes commonly used, and how the treatment should be documented.


6. Describe what is involved in preparing a prescription and explain how the prescription is posted to the medical record.


7. Describe proper labeling of dispensed medications.


8. Discuss some of the U.S. Drug Enforcement Administration (DEA) requirements for the use of controlled substances in a veterinary practice.





Key Terms


Cerumen


Counterirritant


Cream


Elixir


Emulsion


Liniment


Ointment


Parenteral administration


Speculum


Suspension

Introduction

In a busy veterinary practice, a veterinary technician often administers treatments ordered by the veterinarian. Proper administration techniques should be used along with accurate documentation on the medical record. Additionally, a veterinary technician must be knowledgeable about dosage forms, syringe construction, and hatch marks and must be able to draw correct amounts of medication within a syringe, know the six rights of drug administration, be capable of administering medication by all available routes, be knowledgeable in the area of client education regarding drugs, and know how to properly handle controlled substances. Proper documentation of administered treatments is of utmost importance and ensures that the same treatment is not repeated by other veterinary personnel. Knowledge of adverse reactions that animals may have to particular medications is also crucial. The veterinary technician is the veterinarian's most important employee in a busy practice. Through observation of the patient during treatments, the technician is able to provide the veterinarian with information regarding the patient's response. The doctor, thus informed, can easily reach decisions regarding adjustment of the treatment regimen. The technician who recognizes the importance of administering proper treatment to the patient and who uses observation skills in assessing patient response to that treatment is an invaluable asset to the practice.

Dosage Forms

Pharmaceutic companies manufacture drugs in various forms. Some drugs are available in a variety of forms; others may be available for administration in only one form. Most pharmaceutic companies endeavor to provide comfort to the patient and ensure ease of administration when formulating their drugs. Some common drug preparations may be administered orally, parenterally, through inhalation, intrarectally, and topically. The most common type of preparation is an oral medication. Oral preparations are usually easy to administer, have extended expiration dates, and are manufactured uniformly with respect to the content of the drug.


Tablets are the most commonly used oral form (Figure 2-1). A tablet may be scored or unscored. A scored tablet has indentions that have been made into its surface, allowing it to be broken into halves or quarters. Therefore, a scored tablet provides a way of administering a smaller dose to the patient. A tablet that is unscored may be cut into a smaller size with the use of a pill cutter device. However, scored tablets break more readily and are less likely to fragment. Some tablets whose drug type may be irritating to the gastrointestinal tract may be enteric-coated. Capsules are containers that house medication. The capsule itself may be made of gelatin and glycerin. The contents of a capsule may be in powder or liquid form. Capsules may be advantageous to use because they allow a patient to be treated without an unpalatable taste coming into contact with the oral mucosa. Unfortunately, capsules cannot be broken down the way a scored tablet can to provide a smaller dose. Boluses are large rectangular tablets that may be scored or unscored. Boluses are used in the treatment of large animals (e.g., cattle, horses, sheep). Boluses usually are administered to bovines with the aid of a special instrument called a balling gun.


[image: image]
FIGURE 2-1 Tablets and capsules are the most common forms of oral medications.



Liquid preparations for oral administration may be purchased in several different forms (e.g., mixtures, emulsions, syrups, or elixirs). Mixtures consist of aqueous solutions (i.e., water) and suspensions for oral administration. A suspension usually separates after long periods of shelf life and must be shaken well before it is used so that a uniform dose is provided. Syrups contain the drug and a flavoring in a concentrated solution of sugar water or other aqueous liquid. In veterinary medicine, an antibiotic (e.g., doxycycline) may be mixed with a liquid vitamin (e.g., Lixotinic) to ensure a more palatable taste for the patient. Elixirs usually consist of a hydroalcoholic liquid that contains sweeteners, flavoring, and a medicinal agent. Emulsions consist of oily substances dispersed in an aqueous medium with an additive that stabilizes the mixture. All liquid oral medications should be administered slowly to allow the patient to swallow before more liquid is given. Rapid administration of oral medication can result in aspiration into the lungs, thereby causing pulmonary problems.


[image: image] Technician Notes


Rapid administration of oral medication can cause the liquid to be aspirated into the lungs, thereby causing pulmonary problems.



Two forms of parenteral injection that are available are injections and implants. Injections are available as single-dose vials, multidose vials, ampules, or large-volume bottles that may be used to administer intravenous (IV) infusions (Figure 2-2). A vial is a bottle that is sealed with a rubber diaphragm. A vial may contain a single dose or multiple doses. A single-dose vial must be discarded after one use (dose). Multidose vials usually contain preservatives that enable them to have a longer shelf life; thus they may be used for more than one dose. Ampules contain a single dose of medication in a small glass container with a thin neck, which is usually scored so that it can be snapped off easily. Some drugs may be unstable in solution and may require reconstitution with sterile water or another diluent; these may be used immediately for injection (Procedure 2-1).




[image: image] Technician Notes


It is a good idea to place a paper towel over the neck of an ampule before breaking it, to protect the fingers from glass cuts.





[image: image]
FIGURE 2-2 Parenteral medications are supplied in single-dose vials (A), multidose vials (B), ampules (C), and large-volume bottles or bags used for intravenous administration (D).




Procedure 2-1


Reconstitution of a Medication

Materials Needed


Syringe of adequate size for the amount of diluent with a needle attached

70% isopropyl alcohol

Cotton swab



Procedure


1. Clean the rubber diaphragm of the medication vial and the diluent vial with an alcohol swab (Figure 2-3, A).


2. Remove the needle cap and pull back on the plunger to fill the barrel with air equal to the desired amount of diluent. Inject the air into the vial of diluent to create positive pressure and to ease withdrawal (Figure 2-3, B). Invert the diluent vial and withdraw the desired amount of diluent.


3. Inject the diluent into the medication vial and withdraw the syringe and needle. Shake the vial to mix well (Figure 2-3, C).


4. Positive pressure may be created in the freshly mixed medication vial before the desired amount of medication has been withdrawn. Once the medication has been withdrawn (Figure 2-3, D), label the syringe, and administer the drug to the patient. After withdrawing the patient's medication, dispose of the vial, or store it according to the label.





[image: image]
FIGURE 2-3








Syringes and needles are used for parenteral administration of drugs (Box 2-1). This equipment must be sterile. Drugs should never be stored in syringes for a long time before administration occurs because some drugs may be absorbed into the plastic makeup of the syringe, resulting in an inadequate dose or inactivation of vaccines.




[image: image] Technician Notes


All used needles should be discarded properly into a sharps container.









Box 2-1


Syringes and Needles



Syringes


Syringes are available in various sizes and styles. The most commonly used sizes are 3 mL, 6 mL, 12 mL, 20 mL, 35 mL, and 60 mL. Syringes may be ordered from the manufacturer with or without an attached needle. The tip of the syringe, where the needle attaches, can be one of four types: Luer-Lok tip (Figure 2-4, A), slip tip (Figure 2-4, B), eccentric tip (Figure 2-4, C), or catheter tip (Figure 2-4, D). Each type of tip has its own advantages and disadvantages and is often chosen because of personal preference. A complete syringe consists of a plunger, barrel, hub, needle, and dead space (Figure 2-5). The area in which fluid remains when the plunger is completely depressed is called dead space.


[image: image]
FIGURE 2-4 Syringes are available with different tips, such as Luer-Lok (A), slip (B), eccentric (C), and catheter (D).



[image: image]
FIGURE 2-5 The parts of a needle and syringe. (From Sirois M: Elsevier's veterinary assisting textbook, St. Louis, 2013, Elsevier.)



Tuberculin syringe


A tuberculin syringe (Figure 2-6) holds up to 1 mL of medication. It usually is available with a 25-gauge or smaller attached needle. This syringe is commonly used for injections of less than 1 mL. Some tuberculin syringes have a dead space. Although the patient receives the proper amount of medicine, some liquid remains in this dead space, thus wasting the drug and costing the practice money. This is also important to remember when a tuberculin syringe is used to draw up controlled substances. The dead space will cause the controlled substance log book to reflect more controlled substance used than was actually administered from the vial. Thus, the dead space should be considered when amounts used are documented. Some tuberculin syringes are manufactured with low dead space or no dead space at all. In the case of syringes with no dead space, the needle screws into the tuberculin syringe instead of attaching to the tip.


[image: image]
FIGURE 2-6 A tuberculin syringe. (From Mulholland J: The nurse, the math, the meds, St. Louis, 2011, Elsevier.)



Multidose syringe


A multidose syringe (Figure 2-7) is commonly used for large animals in cases when several animals require the same injection. It allows the user to set the dose and to give repeated injections until the barrel is empty of medication. This type of syringe may be disassembled and disinfected for reuse.


[image: image]
FIGURE 2-7 A multidose syringe. (Courtesy Jorgensen Laboratories, Inc., Loveland, CO. In Sonsthagen T: Veterinary instruments and equipment, St. Louis, 2011, Elsevier.)



Insulin syringe


An insulin syringe (Figure 2-8) usually is supplied with a 25-gauge needle, and differing from other syringes, it has no dead space. The syringe is divided into units instead of milliliters and should be used only for insulin injection.


[image: image]
FIGURE 2-8 Insulin syringes. (From Mulholland J: The nurse, the math, the meds, St. Louis, 2011, Elsevier.)



Figure 2-9 illustrates the importance of being familiar with the different types of syringes and the units of measurement found on each. This is necessary to ensure that one can draw up an accurate amount of medication.


[image: image]
FIGURE 2-9 Examples of how to read amounts of medication contained in a syringe.




Needles


Needles are available in various sizes and styles, but all needles have the following three parts: hub, shaft, and bevel (Figure 2-10). Needle sizes vary by gauge and by length (Table 2-1/Figure 2-11). The gauge refers to the inside diameter of the shaft; the larger the gauge number, the smaller the diameter. The length of the needle is measured from the tip of the hub to the end of the shaft. Lengths longer than 1 inch usually are used in large animals and occasionally for biopsy. The bevel is the angle of the opening at the needle tip. It is often helpful when venipuncture is performed to have the beveled side of the needle facing up before the needle is inserted into the patient.


[image: image]
FIGURE 2-10 A needle consists of three parts: hub, shaft, and bevel.



[image: image]
FIGURE 2-11 Disposable hypodermic needles. (From Sonsthagen T: Veterinary instruments and equipment, St. Louis, 2011, Elsevier.)




TABLE 2-1


Commonly Used Needle Gauges for Different Animals



	ANIMAL
	NEEDLE GAUGE




	Swine
	16, 18



	Cattle
	16, 18



	Horses
	16, 18, 20



	Dogs
	20, 21, 22, 25



	Cats
	22, 25



	Small exotics
	23, 25, 27







Bleeding needles (Figure 2-12) may be up to 3 inches long, are large gauge (14 to 16 gauge), and usually are used for obtaining blood from cattle and swine. These needles are made of stainless steel and are reusable after proper cleaning and disinfecting.


[image: image]
FIGURE 2-12 Stainless steel bleeding needles. (From Sonsthagen T: Veterinary instruments and equipment, St. Louis, 2011, Elsevier.)






Implants are very hard sterile pellets that contain a chemical or a hormonal agent. Implants are inserted subcutaneously and are absorbed by the body over an extended time. Growth hormones are commonly manufactured in this form for use in cattle and are implanted in the subcutaneous dorsal aspect of the ear.


Topical medications are available in several forms. Liniments are medicinal preparations for use on the skin as a counterirritant or to relieve pain. Lotions are liquid suspensions or solutions with soothing substances that may be applied to the skin. An ointment is a semisolid preparation of oil and water, plus a medicinal agent. The water in an ointment evaporates after application and leaves the drug behind on the skin's surface. Dusting powders (e.g., flea powder) are mixtures of drugs in powder form for topical application. Additionally, powders may have adsorbent (cornstarch) or lubricant (talcum) properties. Aerosols are drugs that have been incorporated into a suitable solvent and packaged under pressure with a propellant. Dusting powders and aerosols are common forms for some topical insecticides and wound dressings.


Microencapsulation is a drug form that stabilizes substances commonly considered unstable. Microencapsulation also may be used for drugs intended to be released slowly over a period of time (e.g., moxidectin [ProHeart injection]). When the drug's active ingredients are microencapsulated, a protective environment is formed against harmful substances and the stability of the product is improved. Microencapsulation completely masks the flavor of a drug and allows oral treatments to be administered with greater ease because the patient is unable to taste or smell the ingredients.

Drug Preservatives and Solvents

In addition to the active ingredient, many drugs contain organic or inorganic agents as additives or pharmaceutic aids. These inactive (or inert) ingredients facilitate tablet administration, improve solubility, or increase stability. Although the quantity of inert ingredients is usually small, these ingredients can cause adverse effects, or a patient may be sensitive to or may smell the ingredients.


Parenterally administered drugs often contain chemical preservatives that are used to prevent destruction and loss of potency through oxidation or hydrolysis. The amount of preservative in the formulation of parenterally administered drugs is an optimal concentration, and the reconstituted medication should be used immediately to prevent the possibility of fungal or bacterial growth. Dilution of the drug reduces the effectiveness of the preservatives. Most drugs are water soluble, although some may need additives to increase solubility. Glycols are one example of additives used to increase solubility. Generally, propylene glycol and polyethylene glycols are preferred.


[image: image] Technician Notes


Some vaccines may contain antibiotic preservatives. Care should be taken by personnel during reconstitution of these vaccines because liquid that escapes from the rubber seal of the vial could be sprayed inadvertently into an allergic person's eye (e.g., those persons with hypersensitivity to penicillin).



Drug Administration

A veterinarian initiates administration of drugs for therapeutic purposes. (It is unlawful for a veterinary technician to prescribe drugs for an animal patient.) The role of the technician is to administer drugs to the patient on the order of a veterinarian. When doing this, a technician must always follow the six rights:


1. Right patient

2. Right drug—check label three times before administering the drug

3. Right dose

4. Right route

5. Right time and frequency

6. Right documentation



By following these rules, a technician will efficiently and effectively medicate a patient.

Oral Medications

The most common forms of drug therapy are tablets and capsules. These are easily administered (Procedure 2-2) and are sometimes used in conjunction with other drug forms.




Procedure 2-2


Oral Administration of Tablets or Capsules for Dogs and Cats



Materials Needed


Medication in tablet or capsule form

Pilling gun (optional) (Figure 2-13)





[image: image]
FIGURE 2-13 Example of a small-animal pilling gun. (From Sonsthagen T: Veterinary instruments and equipment, St. Louis, 2011, Elsevier.)





Procedure


1. Hold the animal's upper jaw with one hand and apply pressure against the upper premolars to cause the mouth to open.

2. Push the medication over the tongue of the animal with the other hand or with the pilling gun (Figure 2-14)


3. Close the animal's mouth.


4. Initiate swallowing by blowing into the animal's nose and/or rubbing its throat (Figure 2-15).





[image: image][image: image]
FIGURE 2-14



[image: image]
FIGURE 2-15
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Coating the tablet or capsule with a palatable substance such as Cat Lax, peanut butter, or canned food may help in pilling difficult animals.






In large animals, a balling gun (Figure 2-16) is used to administer boluses. Proper restraint and careful use of the instrument are necessary for proper administration and avoidance of injury to the patient.


[image: image]
FIGURE 2-16 A balling gun used to administer a bolus to large animals and a dose syringe used to administer small volumes of liquids.



Liquid oral medications may be administered to small animals through a syringe with the needle removed (Procedure 2-3 and Figure 2-17) or, in some instances, through an orogastric or nasogastric tube. Medications may be made more palatable for these patients by mixing with a vitamin mixture or food to ease administration. Oral liquid medications used in exotic animals may be administered through the drinking water or an orogastric tube. In large animals, a dose syringe (see Figure 2-16) is used to give small amounts of liquids and a stomach tube is used to administer large amounts of oral liquid medications. In horses, the tube is passed via the nasogastric route (Figure 2-18, A-C). In cattle, the stomach tube is passed through a Frick speculum (Figure 2-19) via the orogastric route.


[image: image]
FIGURE 2-17 A syringe without a needle may be used to administer oral liquid medication. (From Macklin D, Chernecky C, Infortuna H: Math for clinical practice, 2nd edition, St. Louis, 2011, Mosby.)




[image: image][image: image][image: image]
FIGURE 2-18 A large-animal stomach tube may be used to administer liquid medications to horses via the nasogastric route (A-C). (A & B, from Hanie EA: Large animal clinical procedures for veterinary technicians, St. Louis, 2006, Mosby. C, from Sirois M: The principles and practices of veterinary technology, 2011, Elsevier.)




[image: image]
FIGURE 2-19 A Frick speculum can be used to facilitate passage of the stomach tube through the mouths of cattle. (Holtgrew-Bohling K: Large animal clinical techniques, 2011, Elsevier.)
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• Remember when administering oral medications that it takes longer for a drug to be absorbed into the bloodstream by this route than by parenteral injection.

• Do not use oral administration in animals that are vomiting.
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Attachment of a J-12 Teat Infusion Cannula (Jorgensen Laboratories, Loveland, Colo) is helpful for administering oral liquid medications.




Procedure 2-3


Oral Administration of Liquid Medication With a Syringe for Dogs and Cats

Materials Needed


Syringe with the needle removed or oral dose syringe

Oral medication in liquid form



Procedure


1. Fill syringe with the calculated amount of medication.

2. Tilt the animal's head up slightly.

3. Insert the tip of the syringe into the animal's cheek pouch (Figure 2-20).


4. Administer the medication slowly.





[image: image]
FIGURE 2-20







Parenteral Medications

Parenteral administration (i.e., injection) of liquid medications may be used alone or in conjunction with other forms of medication. Some conditions are unfavorable for oral administration (e.g., in vomiting patients), and some drugs are available only for parenteral administration.


Approximately 10 routes are used commonly for parenteral administration of drugs; the most commonly used are the intramuscular, subcutaneous, and IV routes (Figures 2-21, 2-22, and 2-23). A veterinary technician must be aware of the proper route of administration for each drug. For those in doubt, the route of administration usually is listed on the drug label or the package insert. Sometimes, complications may result after parenteral administration of a drug. Common complications include irritation, necrosis, and infection of the injection site. Sometimes, allergic reactions to medications may occur. Clinical signs of an allergic reaction after a parenteral drug has been administered include swelling around the face or extremities, raised bumps or swellings on the skin's surface, edema, and salivation. If any complications are observed, these should be reported immediately to the veterinarian. Care should be exercised when an intramuscular injection is administered so that nerve damage or accidental injection into a vein or artery can be avoided. Negative pressure should be applied to the plunger of the syringe before an intramuscular (or subcutaneous) injection is performed. Should any blood be observed in the hub of the needle, the needle should be redirected or removed. Care should also be exercised when intraperitoneal injections are provided so that peritonitis does not develop and damage the abdominal viscera. Proper administration involves knowing (1) what equipment is needed, (2) how the dose should be calculated, and (3) the proper method for withdrawing and administering medication (Procedure 2-4).


[image: image]
FIGURE 2-21 Intramuscular injections in the pelvic limb should be given in an area that avoids the large sciatic nerve. (Meric Taylor S: Small animal clinical techniques, 2009, Elsevier.)



[image: image]
FIGURE 2-22 Subcutaneous injection. (Meric Taylor S: Small animal clinical techniques, 2009, Elsevier.)



[image: image]
FIGURE 2-23 Intravenous injection. (Meric Taylor S: Small animal clinical techniques, 2009, Elsevier.)




Procedure 2-4


Parenteral Administration of Medications—Intramuscular or Subcutaneous

Materials Needed


Syringe and needle (Figure 2-24)


Parenteral medication


Cotton swabs


70% isopropyl alcohol





[image: image]
FIGURE 2-24





Procedure


1. If the syringe is not supplied ready-to-use, firmly attach the needle to the syringe.

2. Swab the bottle's rubber diaphragm with cotton that is saturated with alcohol.

3. Remove the needle cap, insert the needle at an angle into the rubber diaphragm, and withdraw the calculated amount of the drug.

4. Hold the syringe with the needle pointing upward, and remove the large air bubbles by briskly tapping the barrel of the syringe.

5. Release the air bubbles by slightly pushing on the syringe plunger. Carefully replace the needle cap if the medication is not to be given immediately. Avoid contamination.

6. Swab the injection site with another cotton swab that is saturated with alcohol.

7. Insert the needle into the appropriate site and pull slightly on the plunger. If no blood is seen, inject the medication and remove the needle from the site. Blood indicates that a vessel has been entered. Withdraw the needle and continue with the same procedure at a different site.

8. Massage the injection site to aid distribution and decrease pain.

9. Properly dispose of the syringe and needle.



Guidelines for Parenteral Doses


• Round up to the nearest tenth if the amount is greater than 1 mL, and measure in a 3-mL syringe.

• Measure amounts less than 1 mL in a tuberculin syringe.

• In cats weighing less than 9 lb, 0.5 to 1 mL is an appropriate amount for intramuscular injection.

• In cats weighing more than 9 lb, 1 to 1.5 mL is an appropriate amount for intramuscular injection.

• In dogs weighing up to 10 lb, 0.5 to 1 mL is an appropriate amount for intramuscular injection.

• In dogs weighing 10 to 30 lb, 1 to 2 mL is an appropriate amount for intramuscular injection.

• In dogs weighing more than 30 lb, 2 to 4 mL is an appropriate amount for intramuscular injection.




[image: image] Technician Notes


Injecting multidose vials with air sometimes allows easier withdrawal of medication.






IV administration allows the most rapid and effective drug administration (Procedure 2-5). IV therapy is used most commonly to maintain and restore fluid and electrolyte balance, to administer drugs, and to transfuse blood. IV administration also is used when the medication is contraindicated for other routes of administration. Sites for IV administration include the cephalic vein, the jugular vein, the lateral saphenous vein, and sometimes the femoral veins. Long-term IV therapy is best achieved with the cephalic or jugular veins.




Procedure 2-5


Parenteral Administration of Medication—Intravenous Direct Bolus



Materials Needed


Syringe containing calculated dose with needle attached

Cotton swabs

70% isopropyl alcohol or surgical scrub

Butterfly catheter (scalp vein needle, Figure 2-25)—optional


Syringe containing 3 mL of flushing solution (e.g., heparinized saline: 500 IU sodium heparin in 250 mL of normal saline)


Tape (optional)





[image: image]
FIGURE 2-25 Butterfly catheter. (From Sonsthagen T: Veterinary instruments and equipment, 2011, Elsevier.)





Procedure Without Catheter


1. Clip the area over the venipuncture site, if desired.

2. Prepare the area with alcohol swabs or surgical scrub.

3. Have the restraint person hold pressure on the vein or use a tourniquet.

4. Perform venipuncture with the medication syringe and needle. If blood enters the hub of the needle, the venipuncture is successful.

5. Release pressure from the vein and inject the medication over the recommended time interval.

6. Remove the needle and apply pressure to the site to stop bleeding.

7. A bandage made of tape and cotton may be applied, if needed.



Procedure With a Butterfly Catheter


Proceed with steps 1 through 3 as described in the previous section (McCurnin and Bassert, 2010).


4. Remove the cap from the catheter tubing and needle cover.


5. Perform venipuncture with the catheter. If this is successful, blood will return into the catheter tubing.


6. Release pressure from the vein, and allow the blood to fill the catheter tubing.


7. Remove the needle from the medication syringe and attach the syringe hub to the catheter tubing.


8. Administer the medication at the recommended time interval.


9. Remove the needle from the syringe containing the flushing solution. Remove the medication syringe from the catheter and attach the syringe containing the flushing solution.


10. Flush the catheter with 1 to 2 mL of solution to ensure administration of all medication.


11. Remove the catheter and apply pressure to the site to stop the bleeding.


12. A bandage may be applied as described earlier.


13. Properly dispose of all syringes and needles in an approved sharps container.
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Watch for swelling at the injection site. Swelling may signal extravascular injection. Notify the veterinarian immediately if this should occur.






In some cases, an animal may need repeated IV injections. The veterinarian may order the placement of an indwelling IV catheter in an effort to lessen vein damage and pain for the animal (Procedures 2-6 and 2-7).
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Intravenous (IV) catheters should be inspected frequently and changed if signs of phlebitis or other complications appear. Time of placement can be accounted for by writing (e.g., use a permanent marker) placement time on the adhesive bandage that secures the IV catheter in the animal's vein. IV and extension sets should be changed out on a schedule in accordance with clinic policy.







Procedure 2-6


Administration by Bolus With an Indwelling Intravenous Catheter



Materials Needed


Syringe containing flushing solution (about 3 mL)

70% isopropyl alcohol

Cotton swabs

Syringe with medication and attached needle



Procedure


1. Clean the cap of the indwelling catheter with an alcohol swab.

2. Insert into the catheter cap the needle of the syringe containing the flushing solution. (Use the smallest gauge needle possible to help prevent a leak in the catheter cap.)

3. Gently aspirate to determine correct placement of the catheter (blood entering the hub shows proper placement).

4. Inject half the flushing solution into the catheter. Observe the area over the vein for swelling.

5. Remove the syringe and needle, and carefully replace the cap to prevent contamination.

6. Insert into the catheter cap the needle of the syringe containing the medication, and inject the medication over the recommended time interval.

7. Remove the syringe and needle from the catheter.

8. Flush the catheter with the remaining flushing solution.

9. Observe the area for swelling and look for signs of discomfort. Report any abnormal observations to the veterinarian.

10. Properly dispose of syringes and needles.

[image: image]
FIGURE 2-26 Example of a male adapter plug. (From Sonsthagen T: Veterinary instruments and equipment, 2011, Elsevier.)
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Some hospitals may require that, with flushing solution, two syringes should be used instead of the same syringe and needle for both flushes. Keep additional male adapter plugs (catheter caps) (Figure 2-26) in stock to replace a leaky cap.











Procedure 2-7


Administration of Intravenous Fluids



Materials Needed


Indwelling catheter (Figure 2-27)


Tape


70% isopropyl alcohol or surgical scrub


Infusion set


Intravenous (IV) fluids


Clippers





[image: image]
FIGURE 2-27 An assortment of indwelling catheters. (From Sonsthagen T: Veterinary instruments and equipment, 2011, Elsevier.)





Procedure


1. Remove the IV tubing from the container and the protective covering from the medication bottle or bag.

2. Remove the covering of the diaphragm of the medication bag or bottle.

3. Close the clamp on the IV tubing. Remove the cap of the IV tubing spike and insert it into the diaphragm of the medication bag or bottle.

4. Squeeze the drip chamber to allow fluid to collect in the chamber. Fill to the designated line or about half full.

5. Remove the protective cap from the end of the IV tubing and slowly open the roller clamp to allow the fluid to clear the tubing of air. Replace the protective cap and hang the medication bag or bottle on the IV pole near the patient.

6. Clip and scrub the chosen site for catheter placement.

7. After successful catheter placement, cap the catheter, wipe away any blood, and quickly tape in place. The time of placement should be recorded on the adhesive tape with a permanent marker.

8. Remove the catheter cap and the protective cap of the IV tubing and insert the end of the tubing directly into the end of the catheter. Or, if desired, a needle may be placed on the end of the tubing and inserted into the catheter cap.

9. Open the clamp to begin a slow drip and lower the medication bag or bottle to below the IV site to confirm correct placement.

10. Return the bottle or bag to the IV pole and set at desired flow rate.

11. Tape the tubing to the patient at the catheter site.




[image: image] Technician Notes


• Mark the fluid level and time on tape placed on the bag with a permanent marker (tape can be used on bottles). Use this procedure each time the patient is checked.

• If any medications are added to the fluids, write the medication, time, and amount on the medication bag or tape.

• Tape the catheter cap to the bag or bottle so that it will be ready when needed.








If the patient is receiving IV fluids, the Y-injection site (see Figure 2-28)—located on the IV tubing—may be used to administer medications by direct bolus (Procedure 2-8). When medications are to be administered continuously and for long periods, the IV tubing may be changed after a 48-hour to 72-hour period (Veterinary Information Network Discussion Boards, 2013) or in accordance with clinic policy. Once the medication bottle or bag has been emptied, replacement is necessary to facilitate care of the patient. An indwelling catheter must be inspected frequently and changed if phlebitis or other complications occur. Recent studies have shown that catheter complications are related more to the lack of sterile technique in placement than the length of time it has been in place, although 72 to 96 hours generally should not be exceeded (Veterinary Information Network Discussion Boards, 2013). If the IV catheter is not used continuously, it should be flushed with saline every 8 to 12 hours. Some studies have shown that adding heparin to solutions used to flush catheters may not add any value over saline alone (Veterinary Information Network Discussion Boards, 2010).




Procedure 2-8


Administration by Bolus Using the Y-Injection Site



Materials Needed


Syringe with medication and the needle attached

Cotton swabs

70% isopropyl alcohol



Procedure


1. Close the clamp on the infusion set.

2. Clean the Y-injection site (Figure 2-28) with an alcohol swab.


3. Insert the needle of the medication syringe into the Y-injection site.


4. Inject the medication over the recommended time interval.


5. Remove the medication syringe and needle.


6. Open the clamp on the infusion set. Allow enough fluid to flow through the infusion set to ensure that all medication is received. Then return to the desired flow rate.


7. Properly dispose of the syringe and needle.


8. Note: No flushing solution is required for this procedure.





[image: image]
FIGURE 2-28 Intravenous set with roller clamp and Y-injection site.
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To check for proper placement of the intravenous (IV) catheter, remove the bag of fluids from the IV pole and hold the bag and tubing below the level of the catheter (do not close the clamp on the infusion set). If blood returns into the tubing, the catheter is properly placed. Return the bag to the IV pole and continue fluid administration.






A Simplex (i.e., gravity set) IV set may be used to administer medications or fluids intravenously to large animals (Figure 2-29). This administration set may be disinfected and reused. Disposable IV sets and large-volume fluid bags are available for large animals that require continuous IV therapy.


[image: image]
FIGURE 2-29 A large-animal intravenous set (Simplex). (Courtesy Jorgensen Laboratories, Inc., Loveland, CO. In Sonsthagen T: Veterinary instruments and equipment, 2011, Elsevier.)



In pediatric patients and small exotics, IV medications may be administered by intraosseous cannulation. This route also may be used in larger patients when rapid administration of fluids or drugs is necessary and a vein is not readily available. If needed, large volumes of fluid may be administered in this manner.


In some veterinary hospitals, the use of an infusion pump may facilitate continuous IV administration. Once the necessary flow rate is known (the rate is ordered by the veterinarian), the technician can set the infusion pump to deliver a constant amount of solution per minute or hour. To determine the pump settings, the technician considers the total amount of solution to be given and the time interval for infusion. The operating instructions for the infusion pump should be followed because each model may operate in a slightly different manner.
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It should be remembered that any patient receiving IV fluid therapy should be monitored every 15 to 30 minutes.



Monitoring involves evaluating drip rate, ensuring that the IV catheter is properly placed in the vein, making sure the patient has not moved around in the cage to such an extent that the IV tubing has become kinked, and, most importantly, ensuring that the patient has not chewed on and thus dislodged the IV catheter. Animals can do surprising things, and it is up to the technician to provide an excellent level of nursing to ensure that no harm comes to the patient.
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• Some liquid medications for parenteral administration may “settle out” or precipitate (e.g., penicillin G procaine, triamcinolone acetonide [Vetalog]). Therefore these medications should be shaken gently to mix the solution before it is injected into the patient.

• Drugs that may cause tissue irritation are administered by the intravenous route (e.g., vincristine). Therefore, be sure to check the drug's package insert to identify the correct way to administer the drug.





Intramuscular Injections


• Ketamine (Ketaset) can be administered by intramuscular injection. Ketamine has a tendency to burn on injection, and careful restraint methods, along with rapid injection of this drug, should be used in cats.

• On insertion of the needle into the chosen muscle, always apply negative pressure to the syringe's plunger to be certain that the needle has not entered a blood vessel. If blood is seen in the hub of the syringe, remove and redirect the needle.



Subcutaneous Injections

• Most vaccines can be administered subcutaneously. However, the intrascapular area should always be avoided when subcutaneous injections are given.


Inhalation Medications

In veterinary medicine, inhalation is used primarily to produce anesthesia. The inhalant gas is placed into the anesthetic machine in liquid form and then is vaporized through the machine and delivered to the patient via an endotracheal tube, an anesthetic gas mask, or an induction chamber (Figures 2-30, 2-31, and 2-32). Medications occasionally may be nebulized to treat an upper respiratory tract problem, and oxygen may be delivered to a patient with dyspnea with the use of inhalation techniques.


[image: image]
FIGURE 2-30 Endotracheal tube with cuff. (Courtesy Jorgensen Laboratories, Inc., Loveland, CO. In Sonsthagen T: Veterinary instruments and equipment, 2011, Elsevier.)



[image: image]
FIGURE 2-31 A small-animal anesthetic mask. (From Thomas J: Anesthesia and analgesia for veterinary technicians, 2011, Elsevier.)



[image: image]
FIGURE 2-32 A small-animal induction chamber. (From Thomas J: Anesthesia and analgesia for veterinary technicians, 2011, Elsevier.)



Topical Medications

Topical administration of medicine involves application of drugs (creams, ointments, and drops) to the body's surface. Topical preparations usually provide local effects instead of systemic ones. Clipping hair from the affected area provides better visualization during treatment and makes application easier and absorption faster. The technician should observe the area after treatment and should report adverse reactions to the veterinarian. The technician should provide client education regarding skin medications, including information on frequency and number of applications. Many clients apply too much medication, which not only is unnecessary but also can be quite costly with some medications.


Ophthalmic drugs are supplied as an ointment or a solution. The eyes have the ability to remove foreign substances rapidly. Therefore, these preparations usually are applied several times a day. Application frequency depends on the disease or disorder, the drug, and the type of formulation. When ophthalmic preparations are applied, the hand that is holding the medication should rest on the animal's head above the affected eye (Figure 2-33). Drops should be placed at the inner canthus of the eye. If application of ointment is necessary, a small strip should be applied along the lower palpebral border; the applicator tip should not come into contact with the eye or conjunctiva. When you are demonstrating to a client how to apply eye medications, point out that the applicators have blunt tips. Therefore should the applicator tip inadvertently touch the eye, no harm should occur.


[image: image]
FIGURE 2-33 Ointment is applied to a dog's eye on the lower palpebral border.



Drugs may be applied topically to the ears for local effect to soften cerumen and ease its removal or to treat a superficial infection or ear mites. Cleaning of the ears before otic medication is applied aids the effectiveness of treatment. The veterinary technician should provide instruction to the client regarding the correct ways to clean ears and to apply ear medication. By explaining the ear's anatomy, the technician can assure the client that it is difficult to reach the animal's eardrum when one is swabbing the ear clean.



Medication Orders

In a veterinary hospital, most medication orders are written or verbal. A written order may be provided in prescription form or may be noted in the medical record. Verbal orders are given directly to the technician by the veterinarian. When filling a prescription, the technician must be familiar with abbreviations frequently applied to the medical record to describe drug therapy. Appendix A lists abbreviations commonly used in veterinary medicine. The technician must know the patient being treated, the route of administration used, and the frequency of administration. This information is described in the medication order. After the medication has been administered to the patient, a notation should be made in the medical record describing when, what, how, and by whom the medication was administered. Observations of the patient's progress should be noted in the medical record (Figure 2-34). If the medication order is a prescription (Figure 2-35) to be filled, the order should be dated and noted in the medical record (Figure 2-36). If the owner picks up the prescription at the veterinary hospital, the medical record should be retrieved and presented to the veterinarian for approval of the refill. The same procedure as described earlier should be followed for dispensing medication.


[image: image]
FIGURE 2-34 After medication is administered to a patient, a notation should be made in the patient's medical record.
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FIGURE 2-35 Sample prescription order.



[image: image]
FIGURE 2-36 Prescriptions should be written in the patient's medical record.



Dispensed Medication Labeling

When a drug is prescribed for a patient, the drug label is an important part of the dispensing process. It is important that the label contain the following information:


• The veterinary facility's name, address, and telephone number.

• The veterinarian's name.

• The client's name and address.

• The patient's name and species.

• The name of the drug.

• The strength of the drug.

• The quantity being dispensed.

• Instructions to the client about how the drug should be administered.

• The amount to be given for each dose.

• The manner in which the drug should be administered.

• How often the drug should be given.

• Information that includes the duration of administration.

• The number of refills permitted.

• The expiration date of the drug being dispensed.

• The statement “for veterinary use only” should be included on the label.

• Optional statement to include is “keep out of reach of children.”



Controlled Substances

Substances that have the ability to become habit-forming for humans are labeled as controlled substances. Every veterinarian who orders, dispenses, prescribes, or administers controlled substances must be registered with the Drug Enforcement Administration (DEA). This registration is valid for 3 years. The DEA further requires that the upper right corner of the original container of controlled substances should show a code containing a capital C (controlled), followed by a Roman numeral indicating one of the five schedules defined by the Code of Federal Regulations (Figure 2-37). Because some of these drugs may be misused, the DEA requires that they be kept in an unmovable locked area and that an inventory log be kept to report amounts used (administered or dispensed) and on hand (Figure 2-38). Records must also show the flow of controlled substances into and out of the practice including when drug are acquired, inventoried, stolen, lost, or distributed. These records must be readily retrievable and may be computerized. An inventory of all controlled substances must be completed at least every 2 years.


[image: image]
FIGURE 2-37 Label showing schedule II controlled substance designation. (From Mulholland J: The nurse, the math, the meds, 2011, Elsevier.)



[image: image]
FIGURE 2-38 Example of a controlled substance log.



Each time a controlled drug is administered or dispensed to a patient, this event must be reported in the controlled substance inventory log, as well in the patient's medical record. This documentation should include the following: (1) date, (2) owner's name, (3) patient's name, (4) drug name, (5) amount administered or dispensed, and (6) the names of veterinary personnel who dispensed the drug.


Some of the common controlled substances used in veterinary clinics include analgesics and anesthetics like ketamine, tiletamine (Telazol), diazepam, pentobarbital, morphine, and butorphanol tartrate (Torbugesic). Others include diphenoxylate, hydrocodone, and phenobarbital. Anabolic steroids such as stanozolol, testosterone, mibolerone, and boldenone are also controlled.


See Appendix F for more details on DEA regulations.
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Drug Storage


• The manufacturer's instructions should be followed closely to facilitate safe storage.

• Some drugs are sensitive to light and humidity.

• The location of the pharmacy in a veterinary hospital should not be accessible to the public.






Client Education

Veterinary technicians should make themselves familiar with all administered and dispensed drugs. Often, it is the technician's duty to educate clients about how a medication should be administered, why it has been prescribed, and what adverse reactions may occur, if any. Technicians should consult the veterinarian to gather information about any questions that they cannot answer. If needed, written information about the medication should be available for the client's reference purposes.

Review Questions


1. Name four common drug preparations. ______________________

2. Boluses are used in the treatment of ______________________ animals and are administered with a ______________________.

3. Name two types of parenteral injection forms. ______________________

4. Vials may be either ______________________ dose or ______________________ dose.

5. All used needles should be discarded in a ______________________.

6. Name the six rights of drug administration. ______________________.

7. Oral drugs should never be administered in animals that are ______________________.

8. Intravenous administration of drugs allows the most ______________________ and effective drug administration.

9. An indwelling catheter should be replaced with a new one every ______________________ hours.

10. A Simplex (i.e., gravity set) IV system is used to administer fluids to ______________________ animals.

11. Name six items that should be recorded in the controlled substance log ______.

12. Why should drugs given by injection not be stored in syringes for any length of time before administration? ______________________.

13. List four types of syringe tips that are available for use. ______________________

14. A tuberculin syringe holds up to ______________________ mL of medication.

15. What type of syringe is divided into units rather than milliliters?

16. A(n) ______________________ is an agent that produces superficial irritation that is intended to relieve some other irritation.

a. elixir

b. emulsion

c. liniment

d. counterirritant

17. A(n) ________ will usually separate after long periods of shelf life and must be shaken well before use to provide a uniform dose.

a. elixir

b. antimicrobial

c. suspension

d. anthelmintic

18. This type of syringe is constructed in such a way that the needle screws onto the tip of the syringe.

a. Slip tip

b. Eccentric tip

c. Catheter tip

d. Luer-Lok tip

19. All the following are sites for IV administration in small animals, except ______.

a. jugular vein

b. carotid artery

c. lateral saphenous vein

d. phalic vein

20. An indwelling catheter must be replaced every ___ hours.

a. 48

b. 24

c. 60

d. 72

21. If an IV catheter is not used continuously, it should be flushed with heparinized saline every __ to ___ hours.

a. 6; 12

b. 4; 18

c. 8; 12

d. 8; 10

22. Cerumen is a substance that is commonly found in what anatomic part of the body?

a. Urinary bladder

b. Ear

c. Rectum

d. Crown of the tooth

23. Any patient receiving IV fluid therapy should be monitored every ___ to ___ minutes.

a. 1; 2

b. 15; 30

c. 90; 120

d. 60; 120

24. IV tubing should be changed after a ___ to ___ hour period.

a. 12; 24

b. 12; 48

c. 12; 36

d. 48; 72

25. When an intramuscular injection is given in the pelvic limb of a dog or cat, the area near the _____ nerve should be avoided.

a. radial

b. sciatic

c. median

d. both b and c
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Learning Objectives


After studying this chapter, you should be able to




1. Exhibit an understanding of the systems of measurement.


2. Explain how to perform conversions while using the metric system and other systems of measurement.


3. Demonstrate how to perform dosage calculations.


4. Explain how percent concentrations are prepared.
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Percent concentration


Ratio concentration


Solution


Stock solution

Introduction

Veterinary technicians often are asked to prepare and administer medications to animal patients. A veterinarian's orders may ask for administration of a specific number of milligrams or units of medication (dose). The technician then must determine the quantity (e.g., in milliliters or tablets) of the preparation that contains the appropriate dose. In other instances, the technician may be asked to calculate the dose on the basis of a dosage rate (found in the insert or in reference books) and the animal's weight. In either case, an error in calculation can seriously affect the health of a patient. This chapter provides the background information and applications needed by the veterinary technician to accurately carry out a veterinarian's medication orders.

Mathematic Fundamentals

It is assumed that the student who uses this text has a basic understanding of fractions and decimals. With these fundamentals as a background, the concepts of percent, ratio, and proportion should be reviewed before the practice problems are solved.


Percent is defined as parts per hundred. Percent is a fraction with the percent as the numerator and 100 the denominator (e.g., 5% = 5/100). Percents may be written as decimals, fractions, or whole numbers.


Example 1: Decimal: 0.3%

(three-tenths percent [3/10 ÷ 100])

Fraction: 1/5%

(one-fifth percent [1/5 ÷ 100])

Whole number: 5%

(five percent [5 ÷ 100])


Percent may be changed to fractions or decimals.

Example 2: Change to a fraction:


5%=5/100=1/20

[image: image]

Change to a decimal:


5%=5/100=0.05

[image: image]


Note that a percent can be changed to a decimal quickly by dropping the percent sign and moving the decimal two places to the left.

Example 3:


5%=0.05

[image: image]


A ratio is a way of expressing the relationship of a number, quantity, substance, or degree between two components. In reality, ratios are fractions, with the first number in the ratio the numerator and the second number the denominator. The numbers may be placed side by side, separated by a colon, or they may be set up as a numerator/denominator (e.g., 1 : 5, 1/5). In mathematics, a ratio may be expressed as a quotient, a fraction, or a decimal, per the following:

Example 4:


1÷5, 1/5, 51.0=0.2

[image: image]


A proportion shows the relationship between two ratios. When a proportion is set up, the two ratios usually are separated by an = (equals) sign.

Example 5:


8:16 as 1:2 or 816=12

[image: image]


The proportions above read “8 is to 16 as 1 is to 2.” The two inner numbers in the first example (16 and 1) are called the means, and the two outer numbers (8 and 2) are called the extremes. In a true proportion, the product of the means equals the product of the extremes (16 × 1 = 16; 8 × 2 = 16). This fact makes the proportion a useful mathematical tool. When a part of the problem is unknown, X can be substituted for the unknown part in the proportion and the equation solved for X. Care must be taken to ensure that the proportion is set up correctly, and that the same unit of measure is used on both sides of the equation.

Example 6:





8:16=1:X or 816=1X8X=16X=2

[image: image]

Example 7: To convert 0.2 g to milligrams, calculate the following:


1000 mg:1 g=X mg:0.2 g or 1000 mg1g=X mg0.2gX=200(1000×0.2)

[image: image]



Systems of Measurement

The first step in the successful calculation of doses is to develop an understanding of the units of measure used to carry out the calculations. These units are components of the following three separate systems:


1. Metric system

2. Apothecary system

3. Household system



All three systems are expressed in the fundamental units of weight, volume, and length. Technicians should be able to convert values within each system and between the three systems.

Metric System

The fundamental units of measurement in the metric system are the gram (weight), the liter (volume), and the meter (length). Gram is abbreviated g or gm, liter is abbreviated L or l, and meter is abbreviated m. The usefulness of the metric system is that all units are powers of the fundamental units. Prefixes are used in combination with fundamental units to denote smaller or larger quantities. Table 3-1 illustrates the units of measurement used in the biologic sciences.




TABLE 3-1


Units of Measure for the Biologic Sciences











	WEIGHT

	VOLUME

	LENGTH

	MULTIPLE POWER OF 10









	Gram (g)

	Liter (L)

	Meter (m)

	1





	Kilogram (kg)

	Kiloliter (kL)

	Kilometer (km)

	1000





	Decigram (dg)

	Deciliter (dL)

	Decimeter (dm)

	1/10





	Centigram (cg)

	Centiliter (cL)

	Centimeter (cm)

	1/100





	Milligram (mg)

	Milliliter (mL)

	Millimeter (mm)

	1/1000





	Microgram (µg)

	Microliter (µL)

	Micrometer (µm)

	1/1,000,000





	Nanogram (ng)

	Nanoliter (nL)

	Nanometer (nm)

	1/1,000,000,000





	Picogram (pg)

	Picoliter (pL)

	Picometer (pm)

	1/1,000,000,000,000















[image: Image]










The units that are used most commonly in dosage calculations include the gram, the kilogram (kg; 1000 g), the milligram (mg; 1/1000 g), and the milliliter (mL; 1/1000 L). It should be noted that a milliliter is equivalent to the quantity of water contained in 1 cubic centimeter (cc), which is also equivalent to 1 g of weight. Therefore, for practical purposes, it may be said that 1 mL = 1 cc = 1 g.


On occasion, the microgram (µg) may be used. (It should be noted that this unit also may be abbreviated as mcg.) Care should be taken to differentiate this abbreviation from mg, which looks very similar when written orders are used.

Conversion Between Metric Units

The most fundamental way to convert between metric units is to multiply the units given by the conversion factor involving the units desired. If the desired conversion is from milligrams (mg) to grams (g), the number of milligrams given should be multiplied by the factor 1 g/1000 mg because 1 g = 1000 mg. The following steps would be involved in this conversion:


1. Write down the number of milligrams to be converted to grams.

2. To the right of that number, write down the number of milligrams in 1 g, with the milligrams as the denominator. (The numerator should always contain the unit to which you wish to convert.)

3. Multiply the two numbers together.




Example 1: Convert 3000 mg to grams.




Step 1.Step 2.Step 3.          3000 mg3000 mg 1g1000 mg3000 mg×1g1000 mg=3 g

[image: image]


Figure 3-1 illustrates the stairstep method of converting from one unit to another within the metric system. When converting measurements in the metric system via the stairstep method, divide by 10 for each step up to the desired measurement, and multiply by 10 for each step down to the desired measurement.
You also may think of converting measurements with this method by remembering that for each step up, the decimal point is moved one place to the left. For each step down, the decimal point is moved one place to the right.

Example 2:


500 mL=_____ L

[image: image]


Conversion of milliliters to liters requires three steps upward. Therefore, divide 500 by 10 three times (or 500 ÷ 1000). This moves the decimal point three places to the left, and the answer is 500 mL = 0.5 L.

Example 3:


2 g=_____ mg

[image: image]



[image: image]
FIGURE 3-1 The stairstep method for converting within the metric system. For each step up the stairs, divide the given amount by 10. For each step down the stairs, multiply the given amount by 10.




To convert grams to milligrams, go down three steps. Multiply 2 by 10 three times (or 2 × 1000). This moves the decimal point three places to the right, and the answer is 2 g = 2000 mg.


A second method for performing conversions in the metric system can be called the arrow method. When this method is used, it is paramount to remember which units of measure are larger. Conversions between the commonly used units of kilograms, grams, milligrams, and micrograms are illustrated in the following text.


A kilogram is 1000 times larger than a gram (g), a gram is 1000 times larger than a milligram (mg), and a milligram is 1000 times larger than a microgram (mcg). This relationship can be abbreviated as follows with the use of the “greater than” symbol (>):


kg>g>mg>mcg

[image: image]

Many times, the technician will have to calculate the amount of drug to be given when the supply on hand is not measured in the same units as the order calls for. For example, the order is for 0.3 g of drug A, and the supply on hand is 150-mg tablets. Before it can be determined how many tablets should be given, 0.3 g must be converted to milligrams. Because it is known that 1 g = 1000 mg, 0.3 g can be changed to milligrams by multiplying 0.3 g by 1000 mg/g (0.3 × 1000 = 300 mg). The decimal point is moved three places to the right (0.3 → 3↑1 0↑2 0↑3).


The conversion could have been made very quickly by simply moving the decimal point three places to the right. To know which direction to move the decimal, one should determine which way the arrow is pointing (e.g., kg > g > mg > mcg).


Any time the conversion is made between two adjacent units in the relationship of kg > g > mg > mcg, the decimal point will be moved three places.


The steps for converting grams to milligrams with the use of this method are as follows:


1. Write down the order first, using the units called for (0.3 g).

2. Write down the equivalent units (on hand) needed next to the order units (0.3 g = __ mg).

3. Place an arrow between the two units, with the closed part of the arrow pointing toward the smaller unit (g > mg)

4. Move the decimal point three places in the direction the arrow points (0.3 g → 3↑1 0↑2 0↑3).



In the previous problem, it would take two 150-mg tablets to fill the 300-mg order.


If the order had been for 300,000 mcg of drug A, and the supply on hand had consisted of 150-mg tablets, micrograms would have to be converted to milligrams through the following steps:


1. Write the order (300,000 mcg).

2. Write down the equivalent units needed next to the order units (300,000 mcg = ___ mg).

3. Place an arrow between the two units, with the closed part of the arrow pointing toward the smaller units (mcg < mg).

4. Move the decimal three places in the direction the arrow points (300 mg ← 300↑3 0↑2 0↑1 0. mcg).



In this problem, it would take two 150-mg (150,000 mcg) tablets to fill the 300,000-mcg order.


Additional problems for converting within the metric system are provided at the end of this chapter.

Apothecary and Household Systems

The apothecary and household systems of measurement are older systems than the metric system. The apothecary system is seldom used, but the household system is used for giving clients instructions about dosage.


The units most often encountered in the apothecary system are the minim, abbreviated m or min; the dram, abbreviated dr; the ounce, abbreviated oz; and the grain, abbreviated gr. A minim is equal to 1 drop, a dram is equal to 4 mL, an ounce is equal to 30 mL, and a grain is equal to 65 mg (64.8, sometimes rounded to 65). When quantities related to grains are written, the symbol gr should be placed before the number, and common fractions are used when appropriate (e.g., gr 1/50). The apothecary pound (12 oz) is not used when doses are calculated. Instead, the avoirdupois pound (16 oz) is used.


Units commonly used in the household system include the drop, abbreviated gtt; the tablespoon, abbreviated T or Tbsp; and the teaspoon, abbreviated t or tsp. One drop is equivalent to 1 min, 1 Tbsp is equivalent to 15 mL, and 1 tsp is equivalent to 5 mL. The pint, quart, and gallon are other units that are sometimes encountered. Boxes 3-1 and 3-2 illustrate equivalent values that are useful in dosage calculations. Practice problems for converting within and between the apothecary and household systems are found at the end of this chapter.




Box 3-1


Weight Equivalents



1 kg = 1000 g = 2.2 lb

1 g = 1000 mg

1 mg = 1000 µg = 0.001 g

65 mg = 1 gr

1 µg = 0.001 mg = 0.000001 g

1 lb = 453.6 g = 0.4536 kg = 16 oz

1 oz = 28.35 g






Box 3-2


Volume Equivalents


1 L = 1000 mL = 1 qt (946.4 mL)

500 mL = 1 pt (473 mL) = 2 cups (equivalent to 1 lb of water)

15 mL = 1 Tbsp

5 mL = 1 tsp

30 mL = 1 oz

240 mL = 1 cup/glass

4 mL = 1 dram

1 mL = 15 gtt/min*








*The number of drops/minim in 1 mL depends on the size of the dropper. With a standard-size dropper, 1 mL equals 15 drops.







Dosage Calculations

The quantity of drug to be delivered to a patient is called the dose. A dosage rate expressed in milligrams per kilogram (or milligrams per pound) is multiplied by the animal's weight in kilograms (or pounds) to determine the dose. The dose then is divided by the amount (concentration) of the drug in the pharmaceutic form (e.g., tablet or solution) to determine the actual amount of the pharmaceutic form to be administered. The formula for dosage calculation, which should be committed to memory, is as follows:


Dose=Animal′s weight×dosage rateConcentration of drug

[image: image]


Example 1: If a 20-kg dog is to be given amoxicillin at the rate of 10 mg/kg and injectable amoxicillin at a concentration of 100 mg/mL is available, the dosage calculation would be as follows:


Dose=20 kg×10 mg/kg100 mg/mL=200 mg100 mg/mL=2 mL

[image: image]


Note that in the first step of the calculation, kilograms cancel out and leave only milligrams in the numerator. In the second step, milligrams cancel out and leave milliliters. If 100-mg amoxicillin tablets are available, the formula becomes as follows:


Dose=20 kg×10 mg/kg100 mg/tablet=200 mg100 mg/tablet=2 tablets

[image: image]


Because most scales used to weigh animals for drug dosage calculation provide the weight in pounds, a conversion must be made from pounds to kilograms. To do this, divide the weight in pounds by 2.2.

Example 2: The dog in the previous problem weighed 44 lb, and 44 divided by 2.2 equals 20 kg. To convert kilograms to pounds (if the dose is provided in milligrams per pound), multiply the weight in kilograms by 2.2 (e.g., 20 kg × 2.2 = 44 lb).
If the order to the technician is to “give a dog 300 mg of amoxicillin,” then the ordered amount is simply divided by the concentration of the drug to determine the amount to be administered.

Example 3: If the order is to give a dog 300 mg of amoxicillin (concentration 100 mg/mL), the calculation would be as follows:


300 mg100 mg/mL=3 mL

[image: image]




[image: image] Technician Notes


Because drugs are manufactured in different concentrations, always record the dose (milligrams, units, mEq) of active ingredient in the medical record rather than the number of milliliters, tablets, etc.



It should be noted that the dose of most drugs used to treat neoplasms is calculated according to the total body surface area of the patient. Body surface area is correlated with the weight of the animal. A table is available in Chapter 16 (see Table 16-2) for converting an animal's weight to surface area in square meters (sq M or m2). In these cases, the formula for dosage calculation becomes the following:


Dose=mg/m2(from insert)×m2(from table)



[image: image]




Dosage calculation problems are provided at the end of this chapter.

Solutions

To understand dosage calculation problems and how to prepare dilutions of substances (e.g., allergy injections and disinfectants), a technician must have a basic understanding of solutions. Solutions are mixtures of substances that usually are not chemically combined with each other. In most cases the solvent will be a liquid, but it can be a solid. Solutions are made up of a dissolving substance, called the solvent, and a dissolved substance, called the solute. Not all substances form solutions with each other. Those that form solutions are called miscible, and those that do not are called immiscible. A solution is referred to as saturated if it contains the maximum amount of solute at a particular temperature and pressure. Under some circumstances, a solution can become supersaturated. Mixtures of substances in which the solute is made up of very large particles are called suspensions. The particles in suspensions settle on standing, and the mixture must be agitated before it is administered. True solutions do not settle and remain mixed without agitation. All parts of solutions contain equal parts of the solute.


When working with solutions, it is important to know the amount of solute in the solvent or to be able to measure it. The amount of solute dissolved in the solvent is referred to as the concentration (strength) of the substance. Concentrations may be expressed in a number of ways, including the following:


• Parts ratio

• Weight per volume (w/v) for liquids

• Volume per volume (v/v) for liquids

• Weight per weight (w/w) for solids



Solutions can be described in terms of parts without any reference to units of measurement. The parts simply refer to the relationship between the solvent and the solute. For example, instructions may call for a 1-to-32 (1 : 32) dilution of a disinfectant. The first number of the ratio refers to the amount of the disinfectant and the second number refers to the amounts of solvent and disinfectant combined. This strength of the mixture is expressed as a parts ratio or ratio concentration.


[image: image] Technician Notes


A 1 : 32 dilution means that 1 mL of the drug is added to 31 mL of the solvent to produce 32 total mL of the solution.



Another unit that describes the relationship of parts (parts ratio) is called parts per million (ppm). Parts per million is equal to 1 mg of a solute in a kilogram or liter of solvent. One part per million is also equivalent to 1 µg in a gram or milliliter. Upson (1988) reports that 1 ppm is equivalent to 1 minute in approximately 2 years or 1 oz of sand in approximately 31 tons of cement. Parts per billion is a ratio unit that is used occasionally. It is equivalent to 1 µg in a kilogram or liter, or 1 nanogram in a gram or milliliter.


A ratio concentration can be converted to a percentage concentration by using a ratio and proportion equation:




Example 1: Express 1 : 32 as a percent concentration (parts per hundred).


Answer:


1:32=Y:100 or132=Y10032Y=100Y=3.1%



[image: image]
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