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 PHARMACOLOGY OF SEDATIVE–HYPNOTIC DRUGS 

 
 
What do we mean by the term Sedative-Hypnotic? 
 
Sedative (Anxiolytic) – reduces anxiety and exerts a calming effect. 
 
Hypnotic – produces drowsiness and facilitate the onset and maintenance of sleep (involves a greater 
depression of CNS than sedation). 
 
A characteristic of all sedative-hypnotics is that they produce a graded dose-dependent depression of 
CNS function as shown below. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From: Trevor and Katzung’s Pharmacology, Examination and Board review, 6th ed.page 206  
 
 
Sedative–Hypnotic drugs mediate their effects primarily by facilitating GABA transmission via 
actions at GABAA Receptors 
 
Gamma-amino butyric acid (GABA) is a major inhibitory amino acid neurotransmitter in the CNS 
-   approximately 30% of  synapses in mammalian cerebral cortex are Gabaergic 
. - 2 major classes of GABA receptors have been identified based on function. 
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GABAA Receptors – an ionotropic receptor whose activation increases the opening of chloride 
channels leading to an inhibitory post-synaptic potential (hyperpolarization).  
Musimol is a prototypic agonist and bicuculline an antagonist at GABAA  receptors. Each of these 
drugs bind to the same site that binds GABA. 
  
GABAB Receptors - a metabotropic G protein linked receptor located on:  

(1) presynaptic terminals controlling the release of GABA (“homoreceptors”) or other 
neurotransmitters (“heteroreceptors”) via decreases in Ca++ conductance, and  

(2) postynaptic membranes producing hyperpolarization of the membrane via increases in K+ 
conductance.  

 
(-)-baclofen (Lioresal®) is a selective GABAB agonist that is used clinically as an anti-spastic drug. 
GABAB receptors are not modulated by benzodiazepines or barbiturates. 
 
GABAC receptors were identified as receptors associated with the opening of chloride channels and  
insensitive to drugs that act at GABAA and GABAB receptors (bicuculline, baclofen, benzodiazepines 
or barbiturates). These are now considered a component of the GABAA receptor family and the term 
GABAC receptor is no longer recognized as a distinct receptor subtype. 
 
 
The COMPLEXITY OF THE GABAA RECEPTOR COMPLEX 
 
The GABAA receptor is a heteropentameric  glycoprotein receptor formed from the co-assembly of 
five (5) polypeptide subunits (420- 450 amino acids).  Each of the polypeptide subunits has 4 
transmembrane domains with both the amino and carboxy terminus in the extracellular side. 
 
There also are 2 intracellular loops that provide sites for phosphorylation.  

 
Various isoforms of the subunits have been identified ( 1-6; 1-3; 1-3; 
delta, epsilon, rho and 3 pi  & 3 subunits). 

 
The generic composition of the most abundant GABAA receptor subtype consists of: 2- subunits, 2- 
 subunits, and 1 2 subunit. 

 
Although the number of identified subunits could contribute to thousands of pentameric subunit 
combinations, 16 isoforms of GABAA receptors have been identified and the majority of GABAA 
receptors are represented by a relatively few receptor subtypes.  
 
The majority of GABAA receptors (60%) consist of: 122 while 15-20% consist of 232 with 
the remaining receptors being represented by various combinations of the isoform subtypes. 
 
The benzodiazepine (and imidazopyridine) binding pocket (“receptor”) resides at the alpha/gamma 
interface while GABA binding is mediated at sites located at the alpha and beta subunits. 
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The benzodiazepine (and imidazopyridine) binding pocket (“receptor”) is largely determined by the 
type of alpha subunit that is co-assembled with the 2subunit (the most abundant of the gamma 
subunits in the brain).  
 
1,2,3 & 5 exhibit sensitivity to diazepam while 4 & 6 are diazepam-insensitive.  
 
The imidazopyridine drugs (e.g. zolpidem) exhibit a greater degree of selectivity for 1 isoforms; 
with the following selectivity for zolpidem (1 > 2 = 3 >> 5).   
 
Based on  isoforms and drug selectivity, 2 types of “benzodiazepine” binding sites have been 
identified: 
BZ1 (omega1)  - contains the 1 isoform (Imidazopyridines bind selectively to the BZ1 receptor) 
BZ2 (omega2) – contains 2,3 or 5 isoforms receptor subtypes 
 
Benzodiazepines can bind appreciably to either BZ1 and BZ2 receptor sites. 
 
The type of alpha subunit may also contribute to the qualitative effects produced by these drugs.  
For example: the 1 subunit containing GABAA receptor mediates the sedative effects of these drugs 
while the 2 (and possibly 3) subunit may contribute to the anxiolytic and muscle relaxant effects of 
BZs and 5 may be important in the development of tolerance to the sedative effects of the 
benzodiazepines and may be involved in BZ-induced memory impairment.  (The beta subunit isoform 
appears to be a less important factor in BZ binding but more important in the actions of GABA). 

 
FYI ONLY. There also are peripheral benzodiazepine binding sites, designated BZ3. These are NOT 
related to any type of GABA receptors but are located on peripheral organs such as: kidneys, lungs, 
ovaries, testes and adrenal glands. 
 
The GABAA Receptor also contains sites that are the target for the actions of other drugs as shown in 
the next figure: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 From: Trevor and Katzung’s Pharmacology, Examination and Board review, 6th ed.,page 205  
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Types of Drugs Affecting GABAA Receptor Function 
 
1. Non-Selective Agonists –Benzodiazepines that bind to both BZ1 and BZ2 type sites. They DO 

NOT compete directly with GABA at its binding site on the GABAA receptor.   
 
2. Non-Benzodiazepine  Agonists  - The imidazopyridines (Zolpidem & Zaleplon) which are BZ1 

agonists and the recent FDA approved pyrrolopyrazine drug Eszopiclone (Lunestra). 
 
3. Antagonists (flumazenil; Romazicon®) is a competitive antagonist that has a high affinity for the 

benzodiazepine (BZ1 and BZ2) receptor. Blocks the actions of benzodiazepines and 
imidazopyradine (e.g. zolpidem)  & pyrrolopyrazine drugs (e.g.Eszopiclone) but does not 
anatgonize the actions of the barbiturates, meprobamate or ethanol.   

 
When given i.v. flumazenil acts rapidly but has a short t1/2 (0.7-1.3h) due to hepatic clearance. It 
may precipitate a severe abstinence syndrome in patients physiologically dependent on BDZs. 

 
4. Inverse Agonists- act as negative allosteric modulators of GABA receptor function (decrease 

GABAA binding). Inverse agonists (e.g. Beta Carbolines) bind to the same site as the 
benzodiazepines and can produce anxiety and seizures. In addition, they can block the effects of 
the benzodiazepines. 

 
5. Barbiturates – bind to sites on the GABA receptor that are different than the benzodiazepine 

binding sites. In the presence of GABA, barbiturate binding increases the duration of opening of 
the chloride channel. At very high concentrations, barbiturates can directly produce channel 
opening.  

 
6. Neuroactive steroids - bind to the GABAA receptor at other sites distinct from the BZ binding site 

to increase the effects of GABA. Some neurosteroids (e.g. alphaxalone) may directly open chloride 
channels at high concentrations.  

 
7. Ethanol - thought to alter GABAA neurotransmission, since it produces many of the same effects 

as the BDZs (e.g., anxiolysis) and stimulates Cl- uptake into isolated brain vesicles. 
 
The Benzodiazepine Class of Drugs – since being introduced in the 1960s, the BZs remain among 
the most widely prescribed drugs in the world. These drugs have a limited capacity to produce extreme 
and potentially fatal CNS depression.  
 
 (REMEMBER: “I AM  PAM, a LAM, a benzodiazepine”) 
 
Absorption: Although all benzodiazepines are lipid soluble, the lipophilicity which can vary over 50–
fold contributes to differences in their rates of absorbtion (hence, onset of action & redistribution). 
 
Bioavailability - is very good; 60-100% depending on the individual agent.   
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Protein binding is between 70% (alprazolam) to 99% (diazepam); thus drug interactions with other 
highly protein bound agents are likely (e.g., between phenytoin and diazepam).  
 
Mechanism of Action: The therapeutic efficacy of the benzodiazepines as anxiolytics and sedatives is 
due to their potent effects on GABAA receptor-mediated inhibition. They bind to sites (either BZ1 or 
BZ2) that modulate the activity of GABA receptor binding. Benzodiazepine binding to the GABAA 
receptor increases the affinity of GABA for its binding site on the receptor and increases the frequency 
of opening of chloride channels.  
 
In contrast, the non-benzodiazepine imidazopyridine drugs, zolpidem (Ambien®) and zaleplon 
(Sonata®), bind selectively to the BZ1 binding site on the GABAA receptor (i.e. GABAA receptor 
isoforms that contain 1 subunits). The newer pyrrolopyrazine drug, eszopiclone (Lunestra®), is 
likely binding to the same site as the imidazopyridines but may involve different microdomains. 
 
Other Effects to Note:  In healthy patients, hypnotic doses of benzodiazepines produce no significant 
effects on respiration and cardiovascular function.   
 
Pregnancy: All sedative-hypnotics cross the placental barrier during pregnancy, and appear in breast 
milk.  Thus, they can reduce neonatal vital functions and may be teratogenic if continued throughout 
pregnancy. 
 
 
Metabolism: Most benzodiazepines undergo Phase I metabolism by the P450 family CYP3A4 and 
CYP2C19 prior to conjugation (Phase II). A few are directly conjugated and excreted.  
 
 
*Pharmacokinetic differences largely determine the clinical applications of the 
Benzodiazepines. 
 
 
Drugs Whose Metabolism includes both Phase I and Phase II 
 
Diazepam; Flurazepam (2-Keto derivatives) and Clordiazoepoxide: 
Although chlordiazepoxide is not a 2-keto-benzodiazepine it is converted to desmethyldiazepam. 
 
Parent compounds have short to long elimination half-lives (t ½ = 0.1-35 h), but their active 
metabolites (N-desmethyldiazepam and N-desalkylflurazepam) have half-lives between 50-100 hr. 
 
Clonazepam, flunitrazepam (7-Nitro derivatives)   
7-nitro substitution appears to enhance anticonvulsant activity. 
    
Clonazepam (t ½ = 22-33 h) is reduced to a 7-amino derivative that is inactive centrally. 
This substance is extensively metabolized (via acetylation, hydroxylation and conjugation) then 
eliminated.  
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Flunitrazepam (Rohypnol®) is not approved in the U.S.; it is highly abused and is the“date rape” 
drug. 
 
 
Midazolam , alprazolam and triazolam (Triazolo derivatives):  
Mean elimination half-lives of these drugs vary (2.5h for midazolam and 11.0 h for alprazolam). They 
are oxidized to form compounds that are rapidly eliminated. 
 
 
Drugs Whose Metabolism is Exclusively Phase II Conjugation (L O T ) 
 
Lorazepam, Oxazepam and Temazepam (3-hydroxy derivative): These agents are conjugated (Phase 
II biotransformation only) and thus are not metabolized to bioactive substances.  Their elimination 
half-life range between 5-25 h.  These are preferred for aged patients and those with impaired 
hepatic function. 
 
                  Comparative Pharmacokinetics of Various Benzodiazepines 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Adapted from: B.G. Katzung, Basic and Clinical Pharmacology 9th ed.,page 354 

 
“Side” & Adverse Effects:  
 
Frequent:  Drowsiness, ataxia, amnesia (don’t remember events during the drugs duration).  
 
Occasional:  Confusion*, paradoxical excitement* (in children and the elderly), dizziness.  
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Rare:  Paradoxical rage reaction*; extrapyramidal symptoms with chlordiazepoxide, allergic reaction, 
etc.  
 
* Middle age and elderly patients (50+ years) are especially susceptible to these reactions when given 
daily high doses of benzodiazepines such as triazolam.  
 
Tolerance and Dependence:  
 
Pharmacodynamic tolerance seen with chronic use – there is a decrease in the drugs effects requiring 
higher doses to achieve effects comparable to that before drug exposure (may be due to . In BZ 
bindig sites. Cross tolerance  can develop to ethanol and other sedative-hypnotics.   
  
Psychological dependence highly possible; BZ are often abused in conjunction with alcohol.  
 
Withdrawal symptoms (anxiety, insomnia) appear with discontinuation after frequent use.  
 
 
BZ1 Acting Non-Benzodiazepines (Primarily Used to Treat Sleep Disorders) 
 

- these drugs do not produce a dangerous degree of CNS depression (even in overdose) unless 
taken in combination with other CNS depressants, a combination that can be lethal.  

 
-    may be habit forming with long-tern use 

 
- lack  anxiolytic, anticonvulsant and muscle relaxant efficacy of some of the benzodiazepines 

 
-   The effects of these drugs acting at BZ1 receptors can be blocked by the benzodiazepine   

antagonist, flumazenil. 
 
 
Zolpidem (Ambien®) - interacts with the BZ1 subtype of benzodiazepine receptors. 
 It thus lacks significant muscle relaxant, anxiolytic and anticonvulsant properties. 
 
Rapidly and completely absorbed from the GI tract, reaching peak plasma levels in 1-2 hours.  
Zolpidem is metabolized in the liver with a t1/2 of 1.5-3.0 hours.  The t1/2 is prolonged in the elderly 
and in patients with liver disease.   
 
Most common side effects: headache and dizziness and somnolence; nausea, vomiting, diarrhea,  Like 
the benzodiazepines, zolpidem may produce anterograde amnesia and rebound insomnia, especially at 
high doses.   Zolpidem is also available in an extended release form.  
 
 
Zaleplon (Sonata®): resembles zolpidem in its effects.  Also rapidly absorbed (peak concentration 
reached in 1.0 h) from the GI tract, and has a very short t1/2 (1.0 h.) with no active metabolites.  
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Biotransformed hepatically (Type I), thus dosage should be reduced in the elderly and patients with 
liver disease. Note that the metabolism of zaleplon is inhibited by the OTC H-2 histamine receptor 
blocker, cimetidine (generic; Tagamet®). 
 
 Next day effects are less common than after zolpidem or other hypnotics due to the very short half-
life. 
 
Eszopiclone (Lunestra) – the S(+) isomer of zopiclone (a pyrrolopyrazine drug already approved for 
use in Canada) with no structural similarity to zolpidem, zaleplon or the benzodiazepines.  
FDA approved (12/04) for treatment of sleep disorders. It does not significantly alter the stages of 
sleep. Unlike zolpidem and zaleplon, eszopliclone is not restricted in its labeling to short-term use.  
It most likely binds to different “microdomains” within the gamma subunit than the domains 
responsible for the binding of zolpidem, zaleplon or the benzodiazepines.  
 
Pharmacokinetics: 

rapid absorbtion from the GI tract; peak plasma concentrations at 1-2 hrs  
 t1/2  6 hrs.  

 
Typical dose is 2-3 mg. The elimination is slower in the elderly and doses should be started at 1 mg. 
 
Drug Interactions:  
Various CYP3A4 inhibitors such as itraconazole (Sporanox) clarithyromycin (Biaxin) and 
ritonovir (Norvir) can increase serum concentrations and prolong the duration of action.  
 
Conversely, Rifampin, a CYP3A4 inducer can decrease serum concentrations and the effectiveness of 
a given dose of eszopiclone. 
 
 
The BARBITURATES: (One of “Mothers Little Helpers” referred to in the 60’s Rolling Stones 

song).  
 

Derivatives of barbituric acid that once enjoyed great popularity to induce and maintain sedation 
and sleep. However, with the exception of phenobarbital, methohexital and thiopental, their 
clinical use as sedative-hypnotic agents has waned significantly since the introduction of the 
benzodiazepines and other drugs.  (Remember: “AL”the barbiturate) 

 
 
Mechanisms of Action  
 
- Bind to sites on the ionotropic GABAA receptors at sites distinct from the site that binds 

benzodiazepines. 
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- At low doses, the binding facilitates the actions of GABA by increasing the duration of opening 
of the chloride channels (Do not exhibit GABAA receptor subtype specificity). 

 
 
- At high concentrations, barbituarates can be “GABA-mimetic” and directly activate the opening of 

the chloride channels in the absence of GABA (i.e no ceiling effect on CNS depression).  
 
- Barbiturates also depress the actions of excitatory neurotransmitters and exert non-synaptic 

membrane effects. 
 
 
 
The barbiturates are classified primarily based their duration of action, as observed for the 
benzodiazepines. 
 
Short Acting: (hours) - Thiopental, Mexihexital; rapid onset – used for induction of anesthesia,  
 
Intermediate Acting (18-48hrs): - Amobarbital (Amytal), secobarbital (Seconal) and pentobarbital 
(Nembutal)  
 
Long acting (4-5 days): - Phenobarbital (Luminol Sodium) 
 
 
 
Adverse Effects of the Barbiturates  
 
1. *Low therapeutic index, related to their potency to depress respiration (especially in 

combination with alcohol). A lethal dose can be < 10x the hypnotic dose. 
 
2. They produce physical dependence; discontinuation of barbiturates after repeated use leads to 

a withdrawal syndrome which can be life threatening and difficult to treat. 
 
 
3. Stimulate cytochrome P450 activity and induce hepatic microsomal oxidases. 
   

a. Pharmacokinetic tolerance – higher doses of barbiturates may be required over time due 
to the increase in their own metabolism. 

 
b. Cross tolerance -  to benzodiazepines or other sedative hypnotics 

 
c. Drug interactions – due to increased metabolism of other drugs metabolized by 

microsomal oxidases. 
 

5. In contrast to the benzodiazepines, the barbiturates can induce anaesthesia. 
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Limited Clinical Uses:  
 Treatment of Epilepsy - Phenobarbital  
 
 Induction of Anesthesia - Thiopental and methohexital  . 
 
The Older Sedative–Hypnotics 
 
1. Carbamates (Meprobamate) – introduced in 1955 as an antianxiety drug, and remains its only 
approved use in U.S, although clinical proof for its efficacy as an anxiolytic is lacking.Properties 
resembling the benzodiazepines.  
 
 
2. Alcohols – (chloral hydrate) - transformed to trichloroethanol is the pharmacologically active 
metabolite; 6-10 hour half-life.  
 
 
A Novel Sedative  
 

Ramelteon  (Rozerem) – a melotonin  receptor agonist with high affinity for MT1 and MT2 
melatonin receptors. FDA approved in July 2005 for the treatment of insomnia characterized by 
difficulty in falling asleep.  

 
- no evidence of physical dependence or abuse potential 
- may be well tolerated when administered for long treatment courses 

 
Mechanism of Action: binds selectively to MT1 and MT1 melatonin receptors to mimic and enhance 
the actions of the endogenous melatonin which has been associated with the maintenance of circadian 
sleep rhythms. No measurable affinity for BZ receptors or other sites. 
 
Pharmacokinetics 
 
- rapid absorbtion – high fat meals delays Tmax and increases AUC ( 30%) 
 
- extensive first pass metabolism 
 
- half-life of 1-3 hrs 
 
- 82% protein binding 
 
- large Vd (  74 L) 
 
- metabolism via CYP 1A2, 2C9, 3A4 
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Adverse Effects – occurred at rates generally comparable to placebo. These may include, but are not 
limited to:headache, somnolence, fatigue, dizziness, nausea, exacerbated insomnia  
 
Drugs that can affect Rozerem include: 
 

- Fluvoxamine (Luvox)   - may decrease metabolism of ramelteon 
 
- Ketoconazole (Nizoral)  - may decrease metabolism of ramelteon 

 
- Fuconazole (Difulcan)  - may decrease metabolism of ramelteon 
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RELATIVE LONGEVITY OF ACTION BASED ON THE OVERALL HALF-LIVES OF DRUGS 
DICUSSED IN THE LECTURES ON SEDATIVE/HYPNOTICS 
 
 
SHORT-ACTING 
Diphendydramine (Benadryl®) 
Eszopiclone (Lunestra®) 
Zolpidem (Ambien®) 
Zaleplon (Sonata®) 
Flumazenil (generic, Romazicon)  
Midazolam (Versed®) 
Triazolam (Halcion®) 
Ramelteon (Rozerem®) 
Thiopental Sodium (Pentathal®) 
 
 
INTERMEDIATE-ACTING 
Alprazolam (Xanax®) 
Estazolam (ProSom®) 
Lorazepam (generic; Ativan®) 
Oxazepam (Serax®) 
Temazepam (Restoril®) 
Hydroxyzine(Atarax®) 
Meprobamate (Equinil®,Miltown® ) 
Trazadone(Deseryl) 
Nefazodone (Serzone®) 
 
 
LONG-ACTING  
Amitriptyline (generic; Elavil®) 
Clonazepam (generic, Klonopin®) 
Chlordiazepoxide (generic, Librium®) 
Chlorazepate (generic, Tranxene®) 
Cyclobenzaprine (Flexeril®) 
Diazepam (Valium®) 
Flunitrazepam (Rohypnol®) 
Flurazepam (Dalmane®)  
Imipramine (Trofanil®) 
Doxepin (Sinequan®) 
Phenobarbital (generic, Luminol Sodium®) 
Pentobarbital (generic, Nembutol Sodium®) 
Mirtazapine (Remeron®) 


