B.1 Pharmaceutical Products

OBJECTIVES:
1. List the effects of drugs and medicines. 
2. Outline the stages involved in research, development, and testing of new pharmaceutical products.

3. Describe the different methods of administering drugs.
4. Discuss the terms lethal dosage (LD50), tolerance, and side effects.
The Effects of Drugs and Medicines
Generally a drug or medicine is any chemical which does one or more of the following:

· alters incoming sensory sensations
· alters mood or emotions
· alters physiological state, including consciousness, activity level or coordination.
Placebos

When someone feels better after using a product or procedure, it is natural to credit whatever was done. However, this is unwise. Most ailments are self-limiting, and even incurable conditions can have sufficient day-to-day variation to enable quack methods to gain large followings. Taking action often produces temporary relief of symptoms (a placebo effect). In addition, many products and services exert physical or psychological effects that users misinterpret as evidence that their problem is being cured. Scientific experimentation is almost always necessary to establish whether health methods are really effective. 

The placebo effect is a beneficial response to a substance, device, or procedure that cannot be accounted for on the basis of pharmacologic or other direct physical action. Feeling better when the physician walks into the room is a common example. 

A placebo may be used to satisfy a patient that something is being done. The term itself is derived from the Latin word placebo, which means, "I shall please." By lessening anxiety, placebo action may relieve symptoms caused by the body's reaction to tension (psychosomatic symptoms). In certain circumstances, a lactose tablet (sugar pill) may relieve not only anxiety but also pain, nausea, vomiting, palpitations, shortness of breath, and other symptoms. The patient expects the "medication" to cause improvement, and sometimes it does. 

Many studies suggest that placebos can relieve a broad range of symptoms. In many disorders, one third or more of patients will get relief from a placebo. Temporary relief has been demonstrated, for example, in arthritis, hay fever, headache, cough, high blood pressure, premenstrual tension, peptic ulcer, and even cancer. The psychological aspects of many disorders also work to the healer's advantage. A large percentage of symptoms either have a psychological component or do not arise from organic disease. Hence, treatment offering some lessening of tension can often help. A sympathetic ear or reassurance that no serious disease is involved may prove therapeutic by itself. 

Confidence in the treatment -- on the part of the patient and the practitioner -- makes it more likely that a placebo effect will occur. But the power of suggestion may cause even a nonbeliever to respond favorably. The only requirement for a placebo effect is the awareness that something has been done. 

Responses to the treatment setting can also be negative ("nocebo effects"). In one experiment, for example, some subjects who were warned of possible side effects of a drug were given injections of a placebo instead. Many of them reported dizziness, nausea, vomiting, and even depression. A recent review of 109 double-blind drug trials found that the overall incidence of adverse events in healthy volunteers during placebo administration was 19%. 

 The placebo effect is not limited to drugs but may also result from procedures. Devices and physical techniques often have a significant psychologic impact. Chiropractors, naturopaths, and various other nonmedical practitioners may use heat, light, diathermy, hydrotherapy, manipulation, massage, and various gadgets. In addition to any physiologic effects, their use can exert a psychologic force that may be reinforced by the relationship between the patient and the practitioner. Of course, devices and procedures used by scientific practitioners can also have placebo effects. 

The Evolution of U.S. Drug Law

FDA acts as public health protector by ensuring that all drugs on the market are safe and effective. Authority to do this comes from the 1938 Federal Food, Drug, and Cosmetic Act, a law that has undergone many changes over the years, just as it changed earlier drug regulation. Some major milestones in the evolution of U.S. drug law are: 

Food and Drugs Act (1906): This first drug law required only that drugs meet standards of strength and purity. The burden of proof was on FDA to show that a drug's labelling was false and fraudulent before it could be taken off the market. 

Federal Food, Drug, and Cosmetic Act (1938): A bill was introduced into the Senate in 1933 to completely revise the 1906 drug law--widely recognized then as being obsolete. But congressional action was stalled. It took a tragedy in which 107 people died from a poisonous ingredient in "Elixir Sulphanilamide" to prompt passage of revised legislation that, for the first time, required a manufacturer to prove the safety of a drug before it could be marketed. Among other provisions, the law also eliminated the Sherley Amendment requirement to prove intent to defraud in drug misbranding cases, provided for tolerances for unavoidable poisonous substances, authorized factory inspections, and added the remedy of court injunction to previous remedies of seizure and prosecution. 

Durham-Humphrey Amendment (1951): Until this law, there was no requirement that any drug be labelled for sale by prescription only. The amendment defined prescription drugs as those unsafe for self-medication and which should therefore be used only under a doctor's supervision. 

Kefauver-Harris Drug Amendments (1962): News reports about the role of FDA medical officer Frances O. Kelsey, Ph.D., M.D., in keeping the drug thalidomide off the U.S. market aroused public interest in drug regulation. Thalidomide had been associated with the birth of thousands of malformed babies in Western Europe. In October 1962, Congress passed these amendments to tighten control over drugs. Before marketing a drug, firms now had to prove not only safety, but also effectiveness for the product’s intended use. Firms were required to send adverse reaction reports to FDA, and drug advertising in medical journals was required to provide complete information to doctors--the risks as well as the benefits. The amendments also required that informed consent be obtained from study subjects. 

Orphan Drug Act (1983): "Orphans" are drugs and other products for treating rare diseases. They may offer little or no profit to the manufacturer, but may benefit people with the rare diseases. To foster orphan product development, this law allows drug companies to take tax deductions for about three-quarters of the cost of their clinical studies. Firms also are given exclusive marketing rights for seven years for any orphan products that are approved. 

Drug Price Competition and Patent Term Restoration Act (1984): This law expands the number of drugs suitable for an abbreviated new drug application, or ANDA. ANDAs make it less costly and time-consuming for generics, which are often sold at lower prices than brand-name drugs, to reach the market. "Patent Term Restoration" refers to the 17 years of legal protection given a firm for each drug patent. Some of that time allowance is used while the drug goes through the approval process, so this law allows restoration of up to five years of lost patent time. 

Generic Drug Enforcement Act (1992): This law imposes debarment and other remedies for criminal convictions based on activities relating to the approval of ANDAs. 

Prescription Drug User Fee Act (1992): Manufacturers must now pay user fees for certain new drug applications and supplements, an annual establishment fee, and annual product fees. Using these funds, FDA plans to hire some 700 new staff by the end of fiscal year 1997, when the act will expire unless renewed by Congress. 

The FDA's Drug Review Process: Ensuring Drugs are Safe and Effective

The path a drug travels from a lab to your medicine cabinet is usually long, and every drug takes a unique route. Often, a drug is developed to treat a specific disease. An important use of a drug may also be discovered by accident.

For example, Retrovir (zidovudine, also known as AZT) was first studied as an anti-cancer drug in the 1960s with disappointing results. It wasn't until the 1980s that researchers discovered the drug could treat AIDS, and the Food and Drug Administration approved the drug, manufactured by GlaxoSmithKline, for that purpose in 1987.

Most drugs that undergo pre-clinical (animal) testing never even make it to human testing and review by the FDA. The drugs that do must undergo the agency's rigorous evaluation process, which scrutinizes everything about the drug--from the design of clinical trials to the severity of side effects to the conditions under which the drug is manufactured.
Testing Drugs in People

Most of us understand that drugs intended to treat people have to be tested in people. These tests, called clinical trials, determine if a drug is safe and effective, at what doses it works best, and what side effects it causes--information that guides health professionals and, for non-prescription drugs, consumers in the proper use of medicines. 

Controlled clinical trials, in which results observed in patients getting the drug are compared to the results in similar patients receiving a different treatment, are the best way science has come up with to determine what a new drug really does. That's why controlled clinical trials are the only legal basis for FDA to conclude that a new drug has shown "substantial evidence of effectiveness." 

It's important to test drugs in the kind of people they're meant to help. It's also important to design clinical studies that ask, and answer, the right questions about investigational drugs. 

The process starts with a drug sponsor, usually a pharmaceutical company, seeking to develop a new drug it hopes will find a useful and profitable place in the market. Before clinical testing begins, researchers analyze the drug's main physical and chemical properties in the laboratory and study its pharmacologic and toxic effects in laboratory animals. If the laboratory and animal study results show promise, the sponsor can apply to FDA to begin testing in people. 

Once FDA has seen the sponsor's plans and a local institutional review board--a panel of scientists, ethicists, and non-scientists that oversees clinical research at medical centers throughout the country--approves the protocol for clinical trials, experienced clinical investigators give the drug to a small number of healthy volunteers or patients. These phase 1 studies assess the most common acute adverse effects and examine the size of doses that patients can take safely without a high incidence of side effects. Initial clinical studies also begin to clarify what happens to a drug in the human body--whether it's changed (metabolized), how much of it (or a metabolite) gets into the blood and various organs, how long it stays in the body, and how the body gets rid of the drug and its effects. 

If phase 1 studies don't reveal major problems, such as unacceptable toxicity, the next step is to conduct a clinical study in which the drug is given to patients who have the condition it's intended to treat. Researchers then assess whether the drug has a favorable effect on the condition. 

Phase 1 studies are usually conducted in healthy volunteers. The goal here is to determine what the drug's most frequent side effects are and, often, how the drug is metabolized and excreted. The number of subjects typically ranges from 20 to 80.

Phase 2 studies begin if Phase 1 studies don't reveal unacceptable toxicity. While the emphasis in Phase 1 is on safety, the emphasis in Phase 2 is on effectiveness. This phase aims to obtain preliminary data on whether the drug works in people whom have a certain disease or condition. For controlled trials, patients receiving the drug are compared with similar patients receiving a different treatment--usually a placebo or a different drug. Safety continues to be evaluated, and short-term side effects are studied. Typically, the number of subjects in Phase 2 studies ranges from a few dozen to about 300.

Phase 3 studies begin if evidence of effectiveness is shown in Phase 2. These studies gather more information about safety and effectiveness, studying different populations and different dosages and using the drug in combination with other drugs. The number of subjects usually ranges from several hundred to about 3,000 people.

Phase 4 studies occur after a drug is approved. They may explore such areas as new uses or new populations, long-term effects, and how participants respond to different dosages.

Again, the process appears straightforward--simply recruit groups of patients to participate in a clinical trial, administer the drug to those who agree to take part, and see if it helps them. Sounds easy enough, and sometimes it is. In what may be medicine's most celebrated clinical trial, Louis Pasteur treated patients exposed to rabies with an experimental anti-rabies vaccine. All the treated patients survived. Since scientists knew that untreated rabies was 100 percent fatal, it wasn't hard to conclude that Pasteur's treatment was effective. 

But that was a highly unusual case. Drugs do not usually miraculously reverse fatal illness. More often they reduce the risk of death, but don't entirely eliminate it. They usually accomplish this by relieving the symptoms of the illness, such as pain, anxiety, heart failure, or angina. Or a drug may alter a clinical measurement--reduce blood pressure or lower the cholesterol level, for example--in a way that physicians’ hope will be valuable. Drug effects like these can be a good deal harder to detect and evaluate than a result as dramatic as Pasteur's rabies cure. 

This is mainly because diseases don't follow a predictable path. Many acute illnesses or conditions--viral ailments like colds or the flu, minor injuries, insomnia--can usually be counted on to go away spontaneously without treatment. Some chronic conditions like arthritis, multiple sclerosis, depression, or asthma often follow a varying course--better for a time, then worse, then better again, usually for no apparent reason. And heart attacks and strokes, for example, have widely variable death rates depending on treatment, age, and other factors, so that the "expected" mortality for an individual patient can be hard to predict. 

A further difficulty in gauging the effectiveness of an investigational drug is that in some cases measurements of disease are subjective, relying in part on what is essentially a matter of interpretation by the physician or patient. Such measurements can be imprecise, influenced by a patient's or physician's expectations or hopes. In those circumstances, it's difficult to tell whether treatment is having a favorable effect, no effect, or even an adverse effect. The way to answer this critical question about an investigational drug is to subject it to a controlled clinical trial. 

In a controlled trial, patients in one group receive the investigational drug. Those in a comparable group--the controls--get either no treatment at all, a placebo (an inactive substance that looks like the investigational drug), a drug known to be effective, or a different dose of the drug under study. 

Usually the test and control groups are studied at the same time. In fact, usually the same group of patients is divided in two with each subgroup getting a different treatment. That is the best way to be sure the groups are similar. 

In some special cases, a study uses a "historical control," in which patients given the investigational drug are compared with similar patients treated with the control drug at a different time and place. "Historical control" can also refer to a comparison of groups of patients treated at about the same time but at different institutions. 

Sometimes patients are followed for a time after treatment with an investigational drug, and investigators compare their status before and after treatment. Here, too, the comparison is historical. It is based on an estimate of what would have happened without treatment. The historical control design is particularly useful when the disease being treated has high and predictable death or illness rates. Then investigators can be reasonably sure what would have happened without treatment. 

It's important that treatment and control groups be as similar as possible in characteristics that can affect treatment outcome. For instance, all patients in specific groups must have the disease the drug is meant to treat or same stage of the disease. In a clinical trial of a drug to treat angina (chest pain associated with cardiovascular disease), for example, if one group of patients being studied actually had sore ribs rather than angina, their differing response to the drug could not be assumed to be due to its effectiveness or lack thereof. 

Treatment and control groups should also be of similar age, weight, and general health status, and be similar in other characteristics that could affect the outcome of the study, such as other treatment being received at the same time. 

Two principal methods have been used to achieve this all-important comparability. One is to carefully pair each person in the treatment group with a control patient who has closely matching characteristics. This method is rarely used today because even in the best of circumstances, it's difficult to match pairs of patients for the myriad factors that could have a bearing on results.  

Testing experimental drugs in people inevitably presents ethical questions. For example, is it ethical to give patients a placebo when effective treatment is available? Not all authorities agree on the answer. But the generally accepted practice in the United States--and one increasingly being adopted abroad--is that well and fully informed patients can consent to take part in a controlled-randomized-blinded clinical trial, even when effective therapy exists, so long as they are not denied therapy that could alter survival or prevent irreversible injury. They can voluntarily agree to accept temporary discomfort and other potential risks in order to help evaluate a new treatment. 

In any trial in which a possible effect on survival is being assessed, it's important to monitor results as they emerge. That way, if a major effect is seen--positive or negative--the trial can be stopped. This happened in the first clinical study of the AIDS drug zidovudine (AZT), when a clear survival advantage for patients receiving zidovudine was seen well before the trial was scheduled to end. The trial was then ended early, and within a week FDA authorized a protocol allowing more than 4,000 patients to receive zidovudine before it was approved for marketing under the brand name Retrovir. This is an example of the ethical principle that if a lifesaving or life-extending treatment for a disease does exist, patients cannot be denied it. 

In recent years there has been growing interest at FDA and by the public in drug testing in patient populations that have been relatively neglected in clinical trials, especially women and children. Children are generally not included in trials at all until the drug has been fully evaluated in adults, unless the drug is intended for a pediatric disease, such as acute lymphocytic leukemia. When children are not likely to use drugs frequently (for example, drugs to treat high blood pressure), they often have not been included in clinical trials at all.

Although both sexes now are generally represented in clinical trials in proportions that reflect gender patterns of disease, FDA and women's health advocates agree that less care has been taken to develop information about significant differences in the ways men and women respond to drugs. 

A new FDA guideline on the study and evaluation of gender differences in clinical drug trials, issued in July 1993, encourages drug companies to include appropriate numbers of women in drug development programs and to pay particular attention to factors that can affect drug behavior, such as phases of the menstrual cycle, menopause, and the use of oral contraceptives or estrogens. Another focus is discovering gender-related differences in how a drug is absorbed, metabolized or excreted, and how it works. 

Benefit Vs. Risk: How FDA Approves New Drugs

Under current law, all new drugs need proof that they are effective, as well as safe, before they can be approved for marketing. But it's important to realize that no drug is absolutely safe. There is always some risk of an adverse reaction. It's when the benefits outweigh the risks that the Food and Drug Administration considers a drug safe enough to approve. 

In fact, it was little more than 30 years ago that U.S. drug law first embraced the idea of risk vs. benefit that is now the key to new drug approval. Providing evidence of safety before marketing was first required by the Federal Food, Drug, and Cosmetic (FDC) Act in 1938, but not until the Kefauver-Harris Drug Amendments of 1962 did firms also have to show a drug's effectiveness before marketing. 

Before any drug gets on the market today, FDA decides--as quickly as a thorough evaluation allows--whether the studies submitted by the drug's sponsor (usually the manufacturer) show it to be safe and effective for its intended use. Here's what goes into those decisions. 

Drug Review Steps

1. Pre-clinical (animal) testing. 

2. An investigational new drug application (IND) outlines what the sponsor of a new drug proposes for human testing in clinical trials. 

3. Phase 1 studies (typically involve 20 to 80 people). 

4. Phase 2 studies (typically involve a few dozen to about 300 people). 

5. Phase 3 studies (typically involve several hundred to about 3,000 people). 

6. The pre-NDA period, just before a new drug application (NDA) is submitted. 
A common time for the FDA and drug sponsors to meet. 

7. Submission of a new drug application is the formal step asking the FDA to consider a drug for marketing approval. 

8. After an NDA is received, the FDA has 60 days to decide whether to file it so it can be reviewed. 

9. If the FDA files the NDA, an FDA review team is assigned to evaluate the sponsor's research on the drug's safety and effectiveness. 

10. The FDA reviews information that goes on a drug's professional labelling, guidance on how to use the drug. 

11. The FDA inspects the facilities where the drug will be manufactured as part of the approval process. 

12. FDA reviewers will approve the drug or find it either "approvable" or "not approvable." 
Thalidomide
Sometimes a drug that has been approved for human use will later be removed from the market because of major side effects. Thalidomide is a drug that was introduced on to the market on October 1, 1957 in West Germany. Thalidomide soon became a drug prescribed to pregnant women to combat symptoms associated with morning sickness. When taken during the first trimester of pregnancy, Thalidomide prevented the proper growth of the fetus resulting in horrific birth defects in thousands of children around the world. These children were born in the late 1950's and early 1960's and became known as "Thalidomide babies". Today thalidomide is being looked at in cancer, AIDS, and other areas of research. Since it has such a huge affect on unborn fetuses, anyone taking this drug must also take birth control pills and have regularly pregnancy tests done.
Methods of Administering Drugs
Drugs may be introduced into the body in several ways, each method serving a specific purpose. 

ORAL
Oral administration of medications is the most common method. Among the advantages of administering medication orally (as opposed to other methods) are the following: Oral medications are convenient. Oral medications are cheaper. Oral medications do not have to be pure or sterile. A wide variety of oral dosage forms is available. 

Oral medication administration may be disadvantageous for the following reasons: Some patients may have difficulty swallowing tablets or capsules. Oral medications are often absorbed too slowly. Oral medications may be partially or completely destroyed by the digestive system. 

PARENTERAL
Parenteral medications are introduced by injection. All drugs used by this route must be pure, sterile, pyrogen-free (pyrogens are products of the growth of microorganisms), and in a liquid state. There are several methods of parenteral administration, including subcutaneous, intradermal, intramuscular, intravenous, and intrathecal or intraspinal. 

Subcutaneous.—The drug is injected just below the skin’s cutaneous layers.

Intradermal.—The drug is injected within the dermis layer of the skin.

Intramuscular.—The drug is injected into the muscle.   

Intravenous.—The drug is introduced directly into the vein.   

Intrathecal or Intraspinal.—The drug is introduced into the subarachnoid space of the spinal column.   
INHALATION
Inhalation is a means of introducing medications through the respiratory system in the form of a gas, vapor, or powder. Inhalation is divided into three major types: vaporization, gas inhalation, and nebulization.
Vaporization.—Vaporization is the process by which a drug is changed from a liquid or solid to a gas or  vapor  by  the  use  of  heat  (such  as  in  steam inhalation). 

Gas Inhalation.—Gas inhalation is almost entirely restricted to anesthesia. 

Nebulization.—Nebulization is the process by which a drug is converted into a fine spray by the use of compressed gas. 

TOPICAL
Topical drugs are applied to a surface area of the body.  Topically applied drugs serve two purposes: 
Local  effect: The drug is intended to relieve itching, burning, or other skin conditions without being absorbed into the bloodstream.
Systemic effect: The drug is absorbed through the skin into the bloodstream. Examples of topical preparations are ointments, creams, lotions, and shampoos. 

LD50

In toxicology, the LD50 or semi-lethal dose of a particular substance is a measure of how much constitutes a lethal dose. In toxicological studies of substances, one test is to administer varying doses of the substance to populations of test animals; that dose administered which kills half the test population is referred to as the LD50, for "Lethal Dose, 50%". 

The usual terms for expressing the LD50 are in units of mass of substance per mass of body mass, eg grams (of substance) per kilogram (of body mass). Stating it this way allows the relative toxicity of different substances to be compared, and allows one to scale for the different size of the animals exposed. 

Tolerance and Side Effects

A person who develops tolerance requires a larger dose of a drug in order to achieve the effect originally obtained by a smaller dose. The difference between the main effect and side effects is relative. For example, morphine is often used as a pain killer with intestinal constipation being a side effect. For a person with diarrhoea the constipation induced becomes the main effect, with the pain relief a side effect.

