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1. Rapidity of onset of action 
 
2. Duration of action 
 
3. The half-life of the drug and its route of metabolism 
 
Benzodiazepines should only be used for short-term (1 -3 months)  
 
 
Other Effects of Benzodiazepines  
 
1. Anticonvulsant Effects:  Clonazepam (Klonopin) Nitrazepam and diazepam are clinically 

useful in managing seizure disorders. 
 
2. Anesthesia:  at  high doses Diazepam (Valium) and midazolam (Versed) may be given 

IV as adjuncts for anesthesia. These are highly lipophilic and have a rapid onset; however, 
they are not capable of producing anesthesia on their own. 

 
3. Muscle Relaxation:  Diazepam is useful in treating skelatal muscle spasms   
 
 
4. Sleep Disorders:  may help with the induction or maintenance of sleep.   
 
Pharmacokinetic considerations in using Hypnotics for Sleep Disorders 
 
The half-life of Elimination- drugs with long half lives (either the parent compound or the 
active metabolite) will accumulate with prolonged use (as shown in the figure below).  
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure from Dr. Lorens 2002 Therapeutics lecture notes which was graciously provided  
    by Dr. David Greenblatt 
 
 
 
 
Pharmacokinetic Considerations in Choosing a Benzodiazepine in the Elderly  
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Benzodiazepine half-lives are longer in older people because they metabolize the drugs more 
slowly. Thus, drug concentrations will be greater in the elderly upon daily dosing. 
 
   

 
  Figure from Dr. Lorens 2002 Therapeutics lecture notes which was graciously provided  
   by Dr. David Greenblatt 

 
Age-related effects on drug half-lives: - 
 
- Most likely for drugs that are converted into active metabolites by the liver, drugs such as 

chlordiazepoxide, diazepam, chlorazepate, quazepam, flurazepam. 
 
- Least likely for benzodiazepines that are only conjugated by the liver and have no active 

metabolites such as: oxazepam, lorazepam, temazepam (and estazolam to some extent).  
 

 
 
Metabolism of the Benzodiazepines  (Figure adapted from B.G. Katzung, Basic and Clinical 
Pharmacology, 9th ed. 2004, page 354) 
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Benzodiazepine issues in treating insomnia  
 
1.  Rebound insomnia upon stopping medication. This could involve: 

 
(a) the reoccurrence of the original symptoms, or  
(b) symptoms that are the same as original - but greater in intensity. 

 
2. Risk of Abuse, Dependence and Withdrawal – not as great a risk for the BZs as for the 

barbiturates. 
 

 
The Development of Tolerance and Dependence 
 
1. Psychological Dependence – similar to behavioral pattern observed with heavy coffee 

drinkers or cigarette smokers.  If more compelling, it can lead to physiologic dependence and 
tolerance. 

 
2. Tolerance – this is a reduction in the effect of the drug requiring higher doses to achieve the 

original effect.  This is analogous to the phenomena of desensitization and is due in part to 
decreases in the number of benzodiazepine receptors. Similar tolerance not observed for the 
anxiolytic or muscle relaxant effects of BZs.  

 
3. Physiologic Dependence – a state of response to a drug in which the removal of the drug 

(“withdrawal”) produces unpleasant symptoms that differ from the original symptoms.  The 
symptoms are usually opposite (compensatory) to the drug’s effects.  Common withdrawal 
symptoms include: sweating, irritability, tachycardia, and abdominal discomfort. 

 
Benzodiazepines and other sedative-hypnotics (e.g. barbiturates, alcohol) all can produce:  
 
(1) Dependence  (2) Tolerance   (3) Addiction   (4) Withdrawal symptoms 
 
 
The propensity to develop addiction, tolerance and dependence, and more severe 
withdrawal depend on a number of factors: 
 

1) The rapidity of the time of onset of a drug’s affect.  
 

2) The drug’s potency (can usually be assessed from the clinically prescribed dose). 
 

3) The dose of drug taken. 
 

4) The half-life of the drug. 
 

5) The length of time that the drug has been taken. 
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In general; a the severity of withdrawal from sedative-hypnotic drugs will be greater given 
the factors listed below – (not listed in any order of priority)  
 
1) higher doses  
2) longer duration of use 
3) higher potency 
4) shorter half-life 
5) shorter time of onset to produce their effects 
 
*As the withdrawal from some sedative hypnotic drugs may be fatal, they should never be 
abruptly discontinued 
 
Strategy for Discontinuation:  
 

1. Taper down dose and/or 
   
2. Switch to a longer half-life drug, and preferably one of lower potency and less rapid onset 

of effect (decreases the reinforcement properties of the drug). 
 
 
Some Drugs that do not produce the characteristics described above: 
  
Non-Benzodiazepines Used to Treat Sleep Disorders 
 
Immidazopyridines and  Pyrrolopyrazines  
  
- 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-term use  
 
Zolpidem (Ambien®) - interacts with the BZ1 subtype of benzodiazepine receptors. 
 It thus lacks significant muscle relaxant, anxiolytic and anticonvulsant properties. 
 
Zolpidem may produce anterograde amnesia and rebound insomnia, especially at high doses.  
Approved for short –term use.  
 
Zaleplon (Sonata®): resembles zolpidem in its effects with a slightly shorter half-life (1 hr).   
Dosage should be reduced in the elderly and patients with liver disease. 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 short half- 

life. 
 
-  Approved for short-term use. 
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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 & zaleplon, eszopliclone is not restricted in its labeling to short-term use. 
 
Typical dose is 2-3 mg. However, its elimination is slower in the elderly and doses should be 
started at 1 mg. 
 
Drug Interactions: Various CYP3A4 inhibitors  (e.g. clarithyromycin -Biaxin) or inducers  
(e.g.  Rifampin) can increase and decrease, respectively, serum concentrations and alter the 
duration of action of a given dose of eszopiclone.  
 
Other Drugs That Can be Used in Treating Sleep Disorders 
 
Ramelteon (Rozerem) – the M1 & M2 melotonin receptor agonist does not appear to have 
high abuse potential.  
 
However, caution should be used in patients with: 
 

- liver disease 
 

- sleep apnea 
 

- depression or suicidal thoughts 
 

- individuals over 65; may still use but dose may need to be adjusted 
 
 
Mirtazapine (Remeron®) is an alpha2-adrenergic receptor antagonist.  It blocks presynaptic 
alpha2 receptors on both noradrenergic and serotonergic nerve terminals leading to an increase in 
the release of NE and 5-HT.  
 
 Mirtazapine also blocks H1-histamine, 5-HT2A, 5-HT2C, 5-HT3 serotonin receptors & increases 
5-HT at 5-HT1A receptors, inducing anxiolytic & antidepressant effects.  
 
At low doses, mirtazapine is highly sedating. Increasing the dose produces less sedation and 
greater excitation.  Mirtazapine does not produce sexual dysfunction, nausea or GI problems. 
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Amitriptyline (Elavil®) -a tricyclic antidepressant (TCA) which has relatively high affinity 
antagonist actions at H-1 and H-2 histamine receptors, and lower affinity (but comparable) 
blockade of muscarinic cholinergic and alpha1-adrenergic receptors.  
 
Effective in treating sleep disorders associated with or contributing to chronic pain syndromes 
such as fibromyalgia. 
 
 
Doxepin (Sinequan®) & Imipramine (Trofanil®) 
 
Elavil and other TCAs produce several aversive side effects such as: 1) postural (orthostatic) 
hypotension, 2) cardiotoxicity, and 3) confusion with memory dysfunction, particularly in the 
elderly. 
 
Tricyclic antidepressants SHOULD NOT be prescribed for elderly patients (65+ years) because 
of their liability for inducing a toxic and confused state.  
 
 
 
Cyclobenzaprine (Flexeril) - an H-1 histamine receptor antagonist. 
 
Hydroxyzine (Atarax®) – another H-1 histamine receptor antagonist (antihistamine). 
 
Diphenhydramine (over the counter Benadryl) – an H-1 histamine receptor antagonist. 
 
 
Nefazodone (Serzone®) is a 5-HT2A receptor antagonist and 5-HT reuptake inhibitor.  It is 
mildly sedating and does not interfere with sexual function.  Nefazodone is chemically 
related to the antidepressant drug, trazodone (Desyrel®).  
 
Trazadone (Deseryl) – originally approved as an antidepressant, it is highly sedating and 
currently is marketed primarily as a hypnotic drug. 
 
 
Nonprescription “sleeping pills”: 
 
Many non-prescription “sleeping pills” are not more effective than placebo and can produce 
tolerance and rebound insomnia.  Most include the antihistamines pyrilamine or methapyriline, 
and possibly an analgesic or anticholinergic drug. 
 
Compoz   - methapyrilene and pyrilamine 
 
Nytol      - methapyrilene and salicylamide (salicyate) 
 
Sleep-Eze  - methapyrilene and scopolamine 
 
Sominex  - methapyrilene, scopolamine and salicylamide (salicyate) 
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Some over the counter sleep medications contain doxylamine – an antihistamine that can be 
sedating 
 
 
 
 
Herbal Preparations: these may be worth trying since there is some evidence that they contain 
constituents that may be biologically active. Consideration should be given to any prescribed 
medications, or other OTC medications that may interact with these herbal preparations.   
 
Valeriana officinalis (Valerian) - as a standardized 70% ethanol extract (600 mg HS) is a safe 
hypnotic.  Sesquiterpenes are the active compounds that mediate GABA release and the 
inhibition of GABA breakdown. Its usefulness to treat insomnia for up to 4 weeks has been 
documented. Valerian does not produce a “next day” hangover or other aversive effects and does 
not induce any serious drug interactions. 
 
Chamomile (Matricaria recutita) - Apigenin is the active indgredient; benzodiazepine agonist 
Chamomile tea is relaxing when ingested HS.   
 
Kava - Kava lactones are the active components that facilitate the binding of GABA; reported to 
have calming effects.  
 
“Passion flower” - Chrysin is the active compound that is a benzodiazepine partial agonist; has 
been reported to be an effective and safe hypnotic but this view has not been substantiated. 
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Generic Name Trade Name  Half-life Mech. of Action  Characteristics &/or Use 

 
BENZODIAZEPINES (Actions at BZ1 and BZ2 receptors) 
Alprazolam  Xanax  Intermediate BZ1 & BZ2 agonist, ↑ freq. 

of Cl- channel opening 
Panic Disorders, cocaine 
withdrawal  

Clonazepam Klonopin Intermediate Same as above Anxiety & sleep disorders, 
fibromyalgia 

Clorazepate Tranxene Very long Same as above Inactive parent compound, 
multiple active metabolites 

Chlordiazepoxide Librium Very long Same as above Multiple active metabolites 

 Diazepam Valium Very long due 
to active  
metabolites 

Same as above Rapid onset, long half life, high 
abuse liability 

Estazolam ProSom Long Same as above   

Flunitrazepam Rohypnol Short Same as above Not approved in U.S., date rape 
drug, high abuse liability 

Flurazepam Dalmane Very Long Same as above Short acting parent drug but 2 
long half life active metabolites 
that are longer in the elderly   

Flumazanil Romazicon Short BZ1 &BZ2 
ANTAGONIST 

Can trigger BZ withdrawal, 
useful in BZ overdose 

Lorazepam 
 

Ativan Intermediate BZ1 & BZ2 agonist, ↑ freq. 
of Cl- channel opening 

No bioactive metabolites 
Phase II only 

Oxazepam 
  

Serax Intermediate Same as above No bioactive metabolites 
Phase II only 

Temazepam 
 

Restoril Intermediate Same as above No bioactive metabolites 
Phase II only 

Midazolam Versed Very Short (2.5hrs) Same as above Strong antereograde amnesia 
used in operative procedures 

Triazolam  Halcion Very Short 
 (2-3 hrs) 

Same as above Very rapid onset, high potency, 
high abuse liability 

 
Non-Benzodiazepine Drugs (BZ1 Selective) 
Zaleplon  Ambien Very Short (1 hr) BZ1 selective agonist Sleep aid, rapid absorbtion, no 

anxiolytic, anticonvulsant & 
muscle relaxation 

Zolpidem Sonata Very Short  
(1.5–3 hrs) 

BZ1 selective agonist Sleep aid, rapid absorbtion, no 
anxiolytic, anticonvulsant and 
muscle relaxant efficacy

Eszopiclone Lunestra  
Short (6 hrs) 

BZ1 selective agonist Sleep aid,  rapid absorbtion, no 
anxiolytic, anticonvulsant or 
muscle relaxant efficacy

 
Melatonin Receptor Agonist 
Ramelteon Rozarem Very Short M1 & M2 melatonin 

receptor agonist 
Rapid absorbtion, large Vd, No 
abuse potential, No BZ receptor 
binding, metabolism decreased by 
Fluvoxamine, Ketoconazole &  
Fluconazole (via CYP inhibition) 

 
 

Generic Name Trade Name  Half-life Mech. of Sedation  Other Characteristics 



Pharmacology & Therapeutics  Drugs to Treat Sleep Disorders 
February 9, 2012 G. Battaglia, Ph.D. 

10 
 

 
Barbiturates 
Pentobarbital Nembutol Intermediate to 

Long  
Bind to GABAA &  
the duration of Cl- 
channel opening 

High abuse liability, low 
therapeutic index, induces 
microsomal oxidases, may be 
GABA-mimetic at high conc. 

Phenobarbital Luminol Very long Same as above  Same  as above 

Thiopental Sodium Pentathal Short Same as above Same as above 

 
TCAs Used to Treat Sleep Disorders 

Amitriptyline  Elavil Intermediate Antihistaminergic &  
anticholinergic 

TCA, anticholinergic, 
antiadrenergic effects  

Doxepin Sinequin Short  to 
Interrnediate 

Same as Above TCA, anticholinergic, 
antiadrenergic effects 

Imipramine  Trofanil Interrmediate to 
long 

Same as Above TCA, anticholinergic, 
antiadrenergic effects 

 
Other Sedating Drugs Used for Sleep Disorders 
Cyclobenzaprine  Flexeril Intermediate Antihistaminergic   

Diphendydramine Benadryl Short  to 
intermediate 

Same as above OTC meds for sleep and 
allergies 

Hydroxyzine Atarax Intermediate to 
long 

Same as above  

Mirtazapine Remeron Long  
(20-40 hrs) 

Antihistaminergic, 2 
alpha rec. antagonist 

Antiadrenergic & 
stimulatory at  higher doses  

Nefazodone Serzone Intermediate 5-HT2A antagonist & 
5HT uptake inhibitor 

Liver toxicity, only 
generic,  

Trazadone Deseryl Intermediate Same as above  Highly sedating 

Meprobamate  Equinil, Miltown Intermediate Likely similar to BZs Anti anxiety (only approved 
use) & sedative effects 

Herbs and OTC Meds 

Camomile   Apigenin is a GABA 
rec. agonist 

Relaxing effects at bedtime 

Kava   lactones facilitate 
GABA binding 

Reported calming effects  

Valerian   Releases GABA & 
inhibits its breakdown 

No next day hangover 

methapyrilene and 
pyrilamine 

Compoz  Antihistaminergic No longer approved by FDA 

methapyrilene and 
salicylamide  

Nytol  Antihistaminergic  No longer approved by FDA 

methapyrilene and 
scopolamine 

Sleep-Eze, 
Sominex 

 Antihistaminergic & 
anticholinergic 

No longer approved by FDA 

Doxylamine Unisom  Antihistaminergic Regained FDA approval  (2004) 
for use as OTC sleep aid 

 


