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Chapter 14

Medicinal Chemistry
THE MAIN IDEA

^ When slit, these pods of the opium poppy plant exude a thick oil containing a variety of pain-killing 
analgesics, such as morphine.

Medicines are like keys that unlock 
various biological responses.

In 78 A.D., the Greek physician Dioscorides wrote 
Materia Medica, a treatise in which he described about 
600 plants known to have medicinal properties. Included 
in this list was the morphine-producing opium poppy. 
With the development of chemistry in the early 1800s 
came the understanding that natural products owe their 
medicinal properties to certain chemicals they contain. 
Morphine was first isolated from opium in 1806. Quinine, 
a drug once used in fighting malaria, was isolated from 
the bark of the cinchona tree in 1820. Soon, com-
pounds produced in the laboratory were also found to 
have medicinal properties. In the 1840s, the anesthetic 

activity of diethyl ether made painless surgery and 
dentistry possible.

In the 1860s, Louis Pasteur confirmed the germ 
theory of disease with his discovery of bacteria. This led 
to the discovery of the antiseptic properties of phenol, 
as discussed in Chapter 12. The first major advance 
toward curing bacterial diseases was not made until 
the 1930s, when sulfur-containing compounds known 
as sulfa drugs were developed. Next came penicillin. 
Subsequent research has led to an ever-expanding array 
of medicines—both natural and synthetic.
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14.1 Medicines Improve Health

What is a medicine? A medicine is a drug taken for the purpose 
of improving a person’s health. What then is a drug? Loosely 
defined, a drug is any substance other than food or water that 
affects the way the body functions. The word drug refers to a 
wide range of chemical substances. All medicines are drugs, 
but not all drugs are medicines. Many drugs are used for 
non-medical purposes, some legal and others illegal. Legal 
nonmedical drugs include alcohol, caffeine, and nicotine. 
Illegal nonmedical drugs include LSD and cocaine.

There are a variety of ways to classify drugs. For exam-
ple, drugs can be classified according to the way they are 
derived, as is shown in Table 14.1. Drugs that are “natural 
products” come directly from terrestrial or marine plants or 
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animals. Drugs that are “chemical derivatives” are natural prod-
ucts that have been chemically modified to increase potency or 
decrease side effects. “Synthetic” drugs are made completely in 
the laboratory.

Perhaps the most common way to classify drugs is accord-
ing to their primary biological effects. Note, however, that most 
drugs exhibit a broad spectrum of activity, which means they have 
multiple effects on the body and may fall under several classifica-
tions. Aspirin, for example, relieves pain, but it also reduces fever 
and inflammation, thins the blood, and causes ringing in the ears. 
Morphine relieves pain, but it also causes constipation and sup-
presses the urge to cough.

At times, the multiple effects of a drug are desirable. For 
example, aspirin’s pain-reducing and fever-reducing properties 
work well together in treating flu symptoms in adults. In addi-
tion, aspirin’s blood-thinning ability helps prevent heart disease. 
Morphine was widely used during the American Civil War for both 
relieving the pain of battle wounds and controlling diarrhea. Often, 
however, the side effects of a drug are less desirable. Ringing in 
the ears and upset stomach are a few of the negative side effects 
of aspirin, and a major side effect of morphine is its addictiveness. 
A main goal of drug research, therefore, is to find drugs that are 
specific in their action and that have minimal side effects.

Do most drugs have a 
single effect on the body 
or multiple effects?

READING CHECK

TABLE 14.1 The Origins of Some Common Drugs
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Although two drugs that are taken together may have differ-
ent primary activities, they may share a common secondary activity. 
This secondary effect that both drugs share can be amplified when 
the two drugs are taken together. One drug’s enhancing the action 
of another is called a synergistic effect. A synergistic effect is often 
more powerful than the sum of the activities of the two drugs 
taken separately. One of the great challenges for physicians and 
pharmacists is keeping track of all possible combinations of drugs 
and potential synergistic effects they might have.

The synergy that results from mixing drugs that have the 
same primary effect is particularly hazardous. For example, a mod-
erate dose of a sedative combined with a moderate amount of 
alcohol may be lethal. In fact, most drug overdoses are the result 
of a combination of drugs rather than the abuse of a single drug.

C O N C E P T   C H E C K
Distinguish between a drug and a medicine.

CHECK  YOUR  ANSWER   A drug is any substance administered to affect body function. A 
medicine is any drug administered for its therapeutic effect. All medicines are drugs, but not all 
drugs are medicines.

The toxicity of any sub-
stance is in the size of the 
dose. Fresh water, for exam-
ple, can be lethal if you 
drink too much of it. Why? 
Because too much would 
flush out dissolved ions that 
are absolutely essential for 
your health. Similarly, while 
small amounts of fluoride 
protect against tooth decay, 
larger amounts can cause 
your teeth to be mottled. 
Worse still, excessive fluoride 
binds with calcium in your 
blood, forming lethal cal-
cium fluoride crystals. Again, 
for emphasis, the toxicity of 
any substance is in the size 
of the dose.
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