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Pharmacology of CNS 

Introduction:  

           Drugs acting in the central nervous system (CNS) were among the first to be discovered by 

primitive humans and are still the most widely used group of pharmacologic agents. In addition to their 

use in therapy, many drugs acting on the CNS are used without prescription to increase one's sense of 

well-being. 

           The mechanisms by which various drugs act in the CNS have not always been clearly 

understood. However, it is clear that nearly all drugs with CNS effects act on specific receptors that 

modulate synaptic transmission. A very few agents such as general anesthetics and alcohol may have 

nonspecific actions on membranes (although these exceptions are not fully accepted), but even these 

non–receptor-mediated actions result in demonstrable alterations in synaptic transmission.  

            Furthermore, the action of drugs with known clinical efficacy has led to some of the most fruitful 

hypotheses regarding the mechanisms of disease. For example, information on the action of 

antipsychotic drugs on dopamine receptors has provided the basis for important hypotheses regarding 

the pathophysiology schizophrenia. Studies of the effects of a variety of agonists and antagonists on -

aminobutyric acid (GABA) receptors has resulted in new concepts pertaining to the pathophysiology of 

several diseases, including anxiety and epilepsy. 

           In order to understand the pharmacology action of drugs on CNS, it's important to have a review 

about the functional organization of the CNS, its synaptic transmitters, ion channels and 

neurotransmitter receptors. 

Ion channels and neurotransmitters receptors:  

-The membranes of nerve cells contain two types of channels defined on the basis of the mechanisms 

controlling their gating (opening and closing): voltage-gated and ligand-gated ion channels. 

1- Voltage-gated ion channels: 

-Voltage-gated channels respond to changes in the membrane potential of the cell. There are three 

types of voltage-gated channel (voltage-sensitive sodium, voltage-sensitive calcium and voltage-

sensitive potassium channels). 

-The voltage-gated sodium channel (as in the heart) is an example of the first type of channel in nerve 

cells, these channels are concentrated on the initial segment and the axon and are responsible for the 

fast action potential, which transmits the signal from cell body to nerve terminal.  

-There are many types of voltage-sensitive calcium and potassium channels on the cell body, 

dendrites, and initial segment, which act on a much slower time scale and modulate the rate at 

which the neuron discharges. For example, some types of potassium channels opened by 

depolarization of the cell result in slowing of further depolarization and act as a brake to limit 

further action potential discharge. 
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2- Ligand -gated ion channels: 

 

- are opened by the binding of neurotransmitters to receptors on the channel. The receptor is formed 

of subunits, and the channel is an integral part of the receptor complex.  

-These channels are insensitive or only weakly sensitive to membrane potential. Activation of these 

channels typically results in a brief (a few milliseconds to tens of milliseconds) opening of the 

channel. Ligand-gated channels are responsible for fast synaptic transmission typical of hierarchical 

pathways in the CNS. 

 

            Neurotransmitters exert their effects on neurons by binding to two distinct classes of receptor.  

-The first class is referred to as ligand-gated channels, or ionotropic receptors. in which the binding 

of the neurotransmitter to the ionotropic channel receptor controls the gating of the channel.  

-The second class of neurotransmitter receptor is referred to as metabotropic receptors. The binding 

of neurotransmitter to this type of receptor does not result in the direct gating of a channel. Rather, 

binding to G protein-coupled (metabotropic) receptor, resulted in activates a G protein which results 

in the production of second messengers that modulate voltage-gated channels. In this case, the G 

protein (often the subunit) interacts directly with the voltage-gated ion channel. In general, two types 

of voltage-gated ion channels are the targets of this type of signaling: calcium channels and 

potassium channels. When G proteins interact with calcium channels, they inhibit channel function. 

This mechanism accounts for the presynaptic inhibition that occurs when presynaptic metabotropic 

receptors are activated. In contrast, when these receptors are postsynaptic, they activate (cause the 

opening of) potassium channels, resulting in a slow postsynaptic inhibition then interacts directly to 

modulate an ion channel. These interactions can occur entirely with the plane of the membrane and 

are referred to as membrane-delimited pathways.  Metabotropic receptors can also modulate 

voltage-gated channels less directly by the generation of diffusible second messengers. When 

neurotransmitter bind to G protein-coupled receptor, result in activates a G protein that then activates 

an enzyme. The activated enzyme generates a diffusible second messenger, eg, cAMP, which 

interacts to modulate an ion channel. A classic example of this type of action is provided by the 

adrenoceptor, which generates cAMP via the activation of adenylyl cyclase (see Chapter 2). Whereas 

membrane-delimited actions occur within microdomains in the membrane, second messenger-

mediated effects can occur over considerable distances. Finally, an important consequence of the 

involvement of G proteins in receptor signaling is that, in contrast to the brief effect of ionotropic 

receptors, the effects of metabotropic receptor activation can last tens of seconds to minutes. 

Metabotropic receptors predominate in the diffuse neuronal systems in the CNS (see below). 
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Fig: Types of ion channels and neurotransmitters receptors 
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Excitatory and Inhibitory pathway: 

Two types of pathways (excitatory and inhibitory).                                          

 

-When an excitatory pathway is stimulated, a small depolarization or excitatory postsynaptic potential 

(EPSP) is recorded. This potential is due to the excitatory transmitter acting on an ionotropic receptor, 

causing an increase in sodium and potassium permeability. Changing the stimulus intensity to the 

pathway and, therefore, the number of presynaptic fibers activated, results in a graded change in the size 

of the depolarization. When a sufficient number of excitatory fibers are activated, the EPSP depolarizes 

the postsynaptic cell to threshold, and an all-or-none action potential is generated. 

 

-When an inhibitory pathway is stimulated, the postsynaptic membrane is hyperpolarized owing to the 

selective opening of Cl
-
 channels, producing an inhibitory postsynaptic potential (IPSP). However, 

because the equilibrium potential for Cl
-
 is only slightly more negative than the resting potential (~ -65 

mV), the hyperpolarization is small and contributes only modestly to the inhibitory action. The opening 

of the Cl
-
 channel during the IPSP makes the neuron "leaky" so that changes in membrane potential are 

more difficult to achieve. This shunting effect decreases the change in membrane potential during the 

excitatory postsynaptic potential (EPSP). As a result an EPSP that evoked an action potential under 

resting conditions fails to evoke an action potential during the IPSP. A second type of inhibition is 

termed presynaptic inhibition. It was first described for sensory fibers entering the spinal cord, where 

excitatory synaptic terminals receive synapses called axoaxonic synapses. When activated, axoaxonic 

synapses reduce the amount of transmitter released from the terminals of sensory fibers. It is interesting 

that presynaptic inhibitory receptors are present on virtually all presynaptic terminals in the brain even 

though axoaxonic synapses appear to be restricted to the spinal cord. In the brain, transmitter spills over 

to neighboring synapses to activate the presynaptic receptors. 

 

Site of drugs actions                                                           :   
 

      Virtually all of the drugs that act in the CNS produce their effects by modifying some step in 

chemical synaptic transmission. These transmitter-dependent actions can be divided into presynaptic and 

postsynaptic categories.                                                              

 

      Drugs acting on the synthesis, storage, metabolism, and release of neurotransmitters fall into the 

presynaptic category. Synaptic transmission can be depressed by blockade of transmitter synthesis or 

storage. For example, reserpine depletes monoamine synapses of transmitter by interfering with 

intracellular storage. Blockade of transmitter catabolism inside the nerve terminal can increase 

transmitter concentrations and has been reported to increase the amount of transmitter released per 

impulse. Drugs can also alter the release of transmitter. The stimulant amphetamine induces the release 

of catecholamines from adrenergic synapses. After a transmitter has been released into the synaptic 

cleft, its action is terminated either by uptake or by degradation. For most neurotransmitters, there are 

uptake mechanisms into the synaptic terminal and also into surrounding neuroglia. Cocaine, for 

example, blocks the uptake of catecholamines at adrenergic synapses and thus potentiates the action of 

these amines. However, acetylcholine is inactivated by enzymatic degradation, not reuptake. 

Anticholinesterases block the degradation of acetylcholine and thereby prolong its action. No uptake 

mechanism has been found for any of the numerous CNS peptides, and it has yet to be demonstrated 

whether specific enzymatic degradation terminates the action of peptide transmitters. 

 

In the postsynaptic region, the transmitter receptor provides the primary site of drug action. Drugs can 

act either as neurotransmitter agonists, such as the opioids, which mimic the action of enkephalin, or 

they can block receptor function. Receptor antagonism is a common mechanism of action for CNS 
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drugs. An example is strychnine's blockade of the receptor for the inhibitory transmitter glycine. This 

block, which underlies strychnine's convulsant action, illustrates how the blockade of inhibitory 

processes results in excitation. Drugs can also act directly on the ion channel of ionotropic receptors. For 

example, barbiturates can enter and block the channel of many excitatory ionotropic receptors. In the 

case of metabotropic receptors, drugs can act at any of the steps downstream of the receptor. Perhaps the 

best example is provided by the methylxanthines, which can modify neurotransmitter responses 

mediated through the second-messenger cAMP. At high concentrations, the methylxanthines elevate the 

level of cAMP by blocking its metabolism and thereby prolong its action.                    

 

                                       

Schematic drawing of steps at which drugs can alter synaptic transmission. (1) Action potential in 

presynaptic fiber; (2) synthesis of transmitter; (3) storage; (4) metabolism; (5) release; (6) reuptake; (7) 

degradation; (8) receptor for the transmitter; (9) receptor-induced increase or decrease in ionic 

conductance. 
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