
Figure 14 Coca plant 
Cocaine is derived from the 
coca plant, Erythro*on coca. 

Drugs and the 
Nervous System 

Psychoactive Drugs 
Many different kinds of drugs are available to the public. Adver-
tisements tell you. about pain relievers, antacids, cough syrups, and 
other medications that can help you feel better. Drugs can prevent, 
treat, or cure many different illnesses. However, drugs, whether 
legal or illegal, can also be misused or abused. ' 

In the broadest sense, a drug is a chemical that alters body struc-
tures or biological functions. Drugs that alter the functioning of the 
central nervous system are known as psychoactive drugs. Many 
medications, such as those prescribed.by  doctors to treat mental 
disorders, contain psychoactive drugs. Caffeine, found in coffee and 
soft drinks, is also a psychoactive drug. Alcohol, marijuana, and 
cocaine are examples of commonly abused psychoactive drugs. Psy-
choactive drugs also include many other substances, such as 
inhalants. Many psychoactive drugs produce physiological depen-
dence and addiction. Abuse of psychoactive drugs can damage the 
body, and in some cases, can result in death. Table 3 lists several 
classes of commonly abused psychoactive drugs. 

Drug Addiction and Neuron Function 
Addiction is a physiological response caused by use of a drug that 
alters the normal functioning of neurons and synapses. Once a 
neuron or synapse has been altered by a drug, it cannot function 
normally unless the drug is present. With repeated exposure to a 
drug, a person addicted to the drug develops tolerance to the drug. 
Tolerance is a characteristic of drug addiction in which increasing 
amounts of the drug are needed to achieve the desired sensation. 
Withdrawal is a set of emotional and physical symptoms caused by 
removal of the drug from the body. The severity of drug addiction is 
evident in recovering addicts who experience withdrawal when they 
stop taking an addictive drug. Symptoms of withdrawal may include 
vomiting, headache, depression, and seizures. Withdrawal from bar-
bituates, and withdrawal in cases of severe alcohol addiction, can 
cause death and should be supervised by a doctor. 

A Model of Drug Addiction 
Cocaine is a highly addictive stimulant found in the leaves of the 
coca plant, Erythroxylon coca, shown in Figure 14. A stimulant is a 
drug that generally increases the activity of the central nervous sys-
tem. Despite being illegal, cocaine is still used by many people. 

Recall that in synaptic transmission, neurotransmitter molecules 
are released from a presynaptic neuron and bind to receptor pro-
teins on a postsynaptic cell. Some neurotransmitter molecules are 

"Table 3 .PsychoacYht6 F Y  

Drug 

Dnigsof.'Abuse.. 
Examples Psychoactive effects Risks associated with use 

Depressants Barbiturates (sedatives), 
tranquilizers, alcohol 

Decreased activity of the 
central nervous system 

Drowsiness, depression, brain or nerve 
damage, coma, respiratory failure 

Stimulants Cocaine, crack, 
nicotine, amphetamines 

Increased activity of the 
central nervous system 

Aggressive behavior, paranoia, cardiac 
arrest, high blood pressure, brain damage 

Inhalants 
Nitrous oxide, ether, paint 
thinner, glue, cleaning 
fluid, aerosols 

Disorientation, confusion, 
memory loss 

Brain damage, kidney and liver 
damage, respiratory failure  

Hallucinogens 
LSD, PCP, MDMA (ecstasy), 
peyote (mescaline), 
psilocybe mushroom 

Sensory distortion, anxiety, 
hallucinations, numbness 

Depression, paranoia, 
aggressive behavior  

THC Marijuana, hashish Short-term memory loss, 
impaired judgment 

Lung damage, loss 
of motivation 

Narcotics Heroin, morphine, 
codeine, opium 

Feeling of well-being, seda- 
tion, impaired sensory per- 
ception, impaired reflexes 

Coma, respiratory failure 

0 



Figure 15 

 

 

Cocaine alters the function of dopamine=producing neurons in the limbic system.' 

© Synapse with cocaine 
Cocaine blocks the reabsorption 
of dopamine. 

® Normal synapse 
Dopamine is reabsorbed by 
the presynaptic neuron. 
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Caffeine is a stimulant 
found in many foo&s aa. " 
beverages. 
Chocolate, coffee, tea, ens 
some soft drinks often 
contain caffeine. 
Calculating 
Make a list of everything 
you eat and drink (nclud- 
ing medicines) for 
24 hours, then use a 
reference table to 
determine your 
total caffeine 
intake. 
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reabsorbed by presynaptic neurons. after they have been released 

into the synaptic cleft Cosine is an example of a drug that interferes 
with a presynaptic neuron's ability to reabsorb, or reuptake, neuro-
transmitter molecules. Cocaine affects dopamine (DOH pah rneen) 
neurons m the limbic system, which plays an important role in the 
sensation of pleasure. The mechanism of cocaine action is summa-
rized in Figure 15. 

Step 0 At a normal synapse, reuptake receptors move molecules of 
dopamine in the synaptic cleft back into the presynaptic 
neuron. 

Step © Cosine blocks the reuptake of dopamine molecules by 
interfering with these reuptake receptors. 

Step © As a result, excess dopamine remains in the synaptic cleft, 
overstimulating the postsynaptic cell. Overstimulation pro-
duces an intense feeling of exhilaration and well-being. 
Because the post synaptic cell has been overstimulated, the 
number of dopamine receptors will decrease over time. 

Step 0 If cocaine is removed from the synaptic cleft, the number 
of dopamine molecules returns to normal. This level is now 
too low to adequately stimulate the postsynaptic cell 
because it has fewer receptor proteins. Addiction occurs 
because more cocaine must be taken to maintain adequate 
stimulation of the postsynaptic cell. 

© Overstimulated postsynaptic cell 
The number of receptor proteins on the 
postsynaptic cell decreases. 

Cocaine removed from synapse 
Dopamine release returns to normal, but the 
postsynaptic cell is understimulated. 



Figure 16 Breath test 
Law enforcement officials use 
a device that detects the level 
of alcohol vapors in the breath 
to estimate the BAC of drunk-
driving suspects. 

tn:r: 

, 4'~ 

Alcohol 
Of all the psychoactive drugs, alcohol (ethanol) is one of the most 
widely used and abused. Alcohol, found in wine, beer, and liquor, is 
a depressant that produces a sense of well-being when taken in 
small amounts. A depressant is a drug that generally decreases the 
activity of the central nervous system. As more alcohol is con-
sumed,--reaction time increases, and coordination, judgment, and 
speech become impaired. This produces a state of intoxication 
known as being "drunk." Drunkenness results as the blood-alcohol 
concentration (BAC) increases. BAC can be measured by a breath 
test, illustrated in Figure 16, that detects the level of alcohol vapors 
in the breath. Table 4 shows the effects of alcohol at various con-
centrations in the blood. 

Table :4 : Effects of Blood AlcoFiol Concentration 

BAC` Condition 

0.02-0.04 Slight impairment and sedation 

0.05-0.06 Slight impairment of coordination; increased reaction time 

0.07-0.09 Slurred speech; blurred vision; intoxication 

0.10-0.15 Severe intoxication; impaired coordination, vision, and balance 

0.15-0.30 Dizziness; confusion; inability to walk; extremely severe intoxication 

0.30-0.50 Unconsciousness 

0.50-0.60 Coma or death 

'in mg of alcohol per mL of blood 

Alcohol is absorbed into the blood through the stomach and small 
intestine. Alcohol affects neurons throughout the nervous system, • 
changing the shape of receptor proteins. Such widespread changes 
in receptor proteins have various effects on normal brain function-
ing. t 

Addiction to alcohol, or alcoholism, is the most prevalent drug-
abuse problem in the United States. People who drink excessive 
amounts of alcohol overlong periods of time develop serious health 
problems. For example, many alcoholics do not eat properly when 
drinking heavily. This can lead to malnutrition, abnormalities in the 
circulatory system, and inflammation of the stomach lining. In 
addition, the liver begins to use alcohol as an energy source. After 
exposure to alcohol over time, the liver accumulates fat deposits. If 
drinking of alcohol continues, a potentially fatal liver condition 
called cirrhosis (sih ROH sis) may develop. In a cirrhotic liver, cells 
are replaced with scar tissue, a• : liver functioning is impaired. 

Nicotine 
About 50 million Americans smoke cigarettes despite convincing 
evidence that smoking causes mouth cancer, heart disease, lung 
cancer, and emphysema. So why do people continue to smoke? 
Many smokers say they would like to stop smoking but find the 
habit too difficult to overcome. They are addicted to nicotine, a 
drug in cigarette smoke. 

Effects of Nicotine 

Nicotine is the highly addictive stimulant found in the leaves of the 
tobacco plant, Nicotiana tabacum, shown in Figure 17. Nicotine is 
extremely toxic; a dose of only 60 mg is lethal in humans. Tobacco 
leaves are dried or crushed and are then smoked in cigarettes, cig-
ars, and pipes. Tobacco is also chewed and snuffed. 

Nicotine quickly enters the bloodstream and circulates through the 
body. In the brain, nicotine mimics the action of the neurotransmit-
ter acetylcholine. Scientists have extensively studied the behavior of 
the brain when exposed to nicotine. Nicotine binds to brain cells at 
specific sites usually reserved for acetylcholine. These sites are the 
central controls of the brain—mechanisms the brain uses to adjust 
levels of many of its activities. Like twisting the dial on a central con-
trol, the binding of nicotine to these sites produces many changes. 
After a while, the smoker's body makes adjustments, and systems 
almost return to normal—as long as the smoker keeps smoking. Take 
away the nicotine, however, and all those adjustments throw every-
thing  out of balance all at once. The only way to keep things "normal" 
is to keep smoking. The smoker is addicted. 

Effects of Tobacco 
Smokers get more than nicotine from cigarette smoke. Inhaled 
smoke contains hundreds of toxic and mutagenic chemicals that 
pass through the mouth, air passages, and lungs. These chemicals, 
also called tars, are produced by burning tobacco. Because tars and 
other chemicals in tobacco smoke are powerful mutagens, smoking 
causes lung cancer. Almost all cases of lung cancer, a maior cause 
of death in the United States, are attributed to smoking. 

In the United States, smoking-related illnesses cause more than 
400,000 deaths each year. Smoking is associated with cancer of the 
mouth and larynx, and smoking may increase the risk of cancer of 
the pancreas and bladder. Smoking is also a major contributor to 
often-fatal respiratory disorders, such as emphysema. The tars in 
smoke irritate mucous membranes in the mouth, nose, and throat. 
They accumulate in the lungs and paralyze cilia that move debris 
from the lungs. Tars also blacken lung tissue and decrease breath-
ing capacity. People who are exposed to secondhand smoke are at 
risk for the same diseases as people who smoke. Women who 
smoke during pregnancy are more likely to have miscarriages or to 
give birth to stillborn babies. 

Figure 17 Tobacco plant 
Tobacco leaves are dried and 
crushed and are then smoked 
in cigarettes, cigars, and 
pipes. Tobacco is also chewed 
and snuffed. 

Is smokeless tobacco 
harmful? 

The use of smokeless 
tobacco, such as chewing 
tobacco, causes cancers 
of the lips, mouth, and 
gums. When chewing 
tobacco is placed 
between the cheek and 
gum, nicotine and other 
chemicals are absorbed 
into the bloodstream. 

Finding Information 
Find out about mouth 
cancers caused by 
tobacco. 



Holt Directed Reading: Drugs and the Nervous System 

1. What is a psychoactive drug? 

2. Which type of psychoactive drug puts the user at risk of drowsiness or depression? 

3. What are the psychoactive effects of inhalants? 

4. Give two examples.of psychoactive drugs that contain THC, and describe their psychoactive 
effects. 

S. What risks are associated with the use of narcotics? 

In the space provided, write the letter of the description that best matches the term or phrase. 

6 addiction . 

7. tolerance 

8. withdrawl , 

9. stimulant 

a. a drug that increases the activity of the CNS 

b. increasing amounts of a drug are needed to 
achieve'the desired sensation 

c. a physiological response that alters normal 
functioning of neurons and synapses, 

d. symptoms caused by removing an addictive 
drug from the body • : 	 . 

10. How does cocaine affect dopamine-producing neurons? 

11. Why is cocaine addictive? 

12. What is a depressant? 

13.'What are some of the harmful effects of alcoholism. 

Complete each statement by writing the correct term or phrase in the space provided. 

14. The highly additive stimulant found in the leaves of the tobacco plant is called 	  

15. In the brain, nicotine mimics the action of the neurotransmitter 	  

16. Inhaled smoke contains hundreds of toxic chemicals called 	  

17. After reaching the spinal cord, a pain signal is suppressed by neurotransmitter$ called  _  

18. Codeine, morphine, and heroin are all derived from a substance called 	  

Figure 19 Hemp. Marijuana 
is produced from the hemp 
plant, Cannabis. 

Drugs of Abuse 
Narcotics are extremely 'addictive psychoactive drugs that relieve 
pain and induce sleep. Some of the most potent narcotics are derived 
from the poppy plant, Papaver sonTniferum, shown in Figure 18. The 
sap that oozes from the cut seed pod forms a thick, gummy sub-
stance called opium. Drugs derived from opium, called opiates or 
narcotics, include codeine (KOH deen), morphine, and heroin, a more 
potent form of morphine. Codeine is widely prescribed by doctors for 
pain relief. Morphine is one of the most effective pain-relieving drugs 
used today. Heroin addiction and abuse are among the most serious 
illegal-drug problems in society. i 

RPrnll that pain receptors throughout the body detect painful stim-
uli. As uncomfortable as it may feel, pain plays a very important role 
in the body. Pain notifies you that.body tissues have been injured or 
damaged. Tmagine  how your body would look and function today if 

Figure 18 Opium poppy. 	you did not have the ability to sense pain. Pain begins as a signal at 
Opium is a narcotic derived 	damaged nerve endings. Nerve impulses generated by pain receptors 
from the poppy plant, Papaver 	travel to the spinal cord toward the brain. After reaching the spinal somniferum. 

cord, a pain signal is suppressed by a class of neurotransmitters called 
enkephslins (ihn KJzHF uh lihnz). When enkephalins bind to neurons 
in the spinal cord, they prevent pain sigrlpls from reaching the brain. I 

Narcotics mimic the action of enkephslins by binding to the same 
receptor proteins in the spinal cord. These receptor proteins are 
called opiate receptors because scientists observed opiates binding to 
them before enkephalins were ever discovered. Narcotics also affect 
the limbic system, producing a feeling of well-being. 

Marijuana 
In addition to alcohol and tobacco, marijuana, though illegal, is a 
widely consumed drug. Marijuana comes from various species of 
the hemp plant, Cannabis, shown in Figure 19. Hashish also comes 
from the hemp plant. The active ingredient in marijuana and 
hashish is commonly known as THC. When marijuana is smoked, it 
may cause disorientation, impaired judgment, short-term memory 
loss, and general loss of motivation. Scientists continue to research 
the effects of THC on the nervous system. 

Critical Thinking Applying Information 
Why is drug addiction considered a 
physiological condition? Q 11B 

Q  TAKS Test  llrepj  Cocaine interferes with 
the normal functions of the limbic system by 
blocking Q 1oA 119 

A reuptake of dopamine. C sensory perception. 
B release of 	D synaptic 

enkephalins. 	transmission. 

I 

Describe how tolerance to a drug develops. C) 11  

Summarize how cocaine produces addiction. Q 118 

Distinguish between stimulants and 
depressants. Give an example of each. Q 118 

Critical Thinking Recognizing 
Relationships What do all psychoactive 
drugs have in common? Q 118 
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