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Terms to know...

Sedation Reduction of anxiety

Addiction The state of response to a drug whereby the drug taker feels compelled to use the drug and suffers anxiety
when separated from it

Anesthesia Loss of consciousness associated with absence of response to pain

Anxiolytic A drug that reduces anxiety, a sedative

Dependence The state of response to a drug whereby removal of the drug evokes unpleasant, possibly life-threatening
symptoms, often the opposite of the drug’s effects

Hypnosis Induction of sleep

* What is anxiety?

* Anxiety is a state characterized by N\ .ﬁ,
psychological symptoms, and often Y - ———
accompanied by physical symptoms z :
such as fatigue, dizziness, vague
pains, palpitations, headache,
irritability and indigestion.
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Basic Pharmacology of Sedative-
Hypnotic Drugs

» An effective sedative (anxiolytic) agent should reduce anxiety

and exert a calming effect.

* A hypnotic drug should produce drowsiness and encourage

the onset and maintenance of a state of sleep.
* Hypnotic effects involve more pronounced depression of the

central nervous system than sedation, and this can be
achieved with many drugs in this class simply by increasing

the dose.

CNS effects

Coma

Anesthesia

Hypnosis |-

Sedaton -

Drug A

DrugB

Increasing dose
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Classification of Sedative-Hypnotic
Drugs

Sedative-hypnotics
| |
Benzodiazepines Barbiturates Miscellaneous agents
| I
Short action Ultra-short action
(triazolam) (thiopental) Buspirone
Intermediate action Short action Chloral hydrate
(alprazolam) (secobarbital) Eszopiclone
Ramelteon
Long action Long action Zaleplon

(flurazepam) (phenobarbital) Zolpidem




1

2.

BN UL

Classification of Sedative-Hypnotic Drugs

Valium®

Benzodiazepines (BZ) Diazepam
— Long-acting: diazepam, flurazepam, nitroazepam S i
et -

— Intermediate-acting: lorazepam, oxazepam, alprazolam
— Short-acting: triazolam

Barbiturates (largely replaced by BZ)

The barbiturates induce

tolerance, drug-metabolizing enzymes, and
physical dependence, and they show severe
withdrawal symptoms.

Zolpidem, zaleplon and eszopiclone “the Z-drugs” (more recent
drugs with MOA similar to BZ)

Ramelteon

Buspirone

Ethanol and chloral hydrate

Antipsychotics, antidepressants and antihistamines
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Mechanism of action

A. Benzodiazepines

* The BZ receptors form part of a GABA
GABA, receptor chloride-ion
channel macromolecular
complex.

Benzodiazepines
Flumazenil

* GABA (y-aminobutyric acid) is a

// major inhibitory in the CNS.

* Benzodiazepines increase the
frequency of GABA-mediated
chloride ion channel opening.



Mechanism of action

A. Benzodiazepines

* Benzodiazepines "u Receptor empty a
enhance the et o + = |
binding of of m;ﬁ' ) e
GABA to its S J o —
receptor, which - B
increases the | Receptor caBA o
permeability of e ++\ﬂ6t’71
chloride. i,/

i' Receptor GABA
and benzodiazepine +++\$
TETTIiT,

' Entry of CI” hyperpolarizes the cell, making ! M )
it more difficult to depolarize, and therefore o
reduces neurad exatabity. o
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Benzodiazepine Antagonist

Flumazenil reverses the CNS effects of benzodiazepines and is
classified as an antagonist at BZ receptors.

Flumazenil is available for intravenous (V) administration
only.

Onset is rapid, but duration is short, with a half-life of about 1
hour. Frequent administration may be necessary to maintain
reversal of a long-acting benzodiazepine.

Administration of flumazenil may precipitate withdrawal in
dependent patients or cause seizures if a benzodiazepine is
used to control seizure activity.
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Mechanism of action

B. Barbiturates cr

* Barbiturates also bind to GABA
multiple isoforms of the GABA,
receptor but at different sites
from those with which
benzodiazepines interact.

Benzodiazepines
Flumazenil

* Their actions are not
antagonized by flumazenil.

* Barbiturates increase the
duration of GABA-mediated
chloride ion channel opening.



Mechanism of action

C. Other Drugs cr

* The hypnotics zolpidem,
zaleplon, and eszopiclone
are not benzodiazepines

GABA

a |~ Benzodiazepines
Flumazenil

. Extracellu
but appear to exert their “
érs @ . L L D
CNS effects via interaction ..*:.‘..‘:.‘;
with certain eeee

es
benzodiazepine receptors. |
* Their CNS depressant |
effects can be antagonized

by flumazenil.

\
.‘l.\..l

Intraceliular
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Pharmacokinetics

A. Absorption and Distribution

Most sedative-hypnotic drugs are lipid-soluble and are absorbed well from
the gastrointestinal tract, with good distribution to the brain.

Lipid solubility plays a major role in determining the rate at which a
particular sedative-hypnotic enters the CNS. This property is responsible
for the rapid onset of CNS effects of triazolam, thiopental , and the newer
hypnotics eszopiclone, zaleplon, and zolpidem.

The CNS effects of thiopental are terminated by rapid redistribution of the
drug from brain to other highly perfused tissues, including skeletal
muscle.



B. Biotransformation

* CYPA450 enzymes are most important in the metabolism of sedative-

hypnotics, so elimination half-life of these drugs depends mainly on the rate
of their metabolic transformation.

* Invery old patients and in patients with severe liver disease, the elimination
half-lives of these drugs are often increased significantly. In such cases,
multiple normal doses of these sedative hypnotics can result in excessive
central nervous system effects.



B. Biotransformation

Many benzodiazepines are converted initially to active metabolites with
long half-lives. After several days of therapy with some drugs (eg, diazepam,

flurazepam), accumulation of active metabolites can lead to excessive
sedation and drowsiness.

Cumulative effect such as excessive drowsiness appear to be less of a
problem with such drugs as lorazepam and oxazepam which do not form

active metabolites. chmo. Diszepam  Prazepam | Clorazepate Gnactive)
L \ /
Demoxepam* > Dosmﬂwl:iamn' mrm

ey ]
_ \/
Flurazepam CONJUGATION *————3 Lorazepam

URINARY ? .
EXCRETION * Active metabolite




Pharmacokinetic properties of some
benzodiazepines and newer hypnotics in humans

Drug

Peak Blood Level (hours)  Elimination Half-Life' (hours)  Comments
Alprazolam 1-2 12-15 Rapid oral absorption
Chlordiazepoxide  2-4 15-40 Active metabolites; erratic bioavailability from IM injectios
Clorazepate 1-2 (nordiazepam) 50-100 Prodrug; hydrolyzed to active form in stomach
Diazepam 1-2 20-80 Active metabolites; erratic bioavailability from IM injectiof
Eszopiclone 1 6 Minor active metabolites
Flurazepam 1-2 40-100 Active metabolites with long half-lives
Lorazepam 1-6 10-20 No active metabolites
Oxazepam 2-4 10-20 No active metabolites
Temazepam 2-3 10-40 Slow oral absorption
Triazolam 1 2-3 Rapid onset; short duration of action
Zaleplon <1 1-2 Metabolized via aldehyde dehydrogenase
1-3 1.5-35 No active metabolites

Zolpidem

The duration of CNS actions of sedative-hypnotic drugs ranges from just a
few hours (eg, zaleplon < zolpidem = triazolam < eszopiclone) to more
than 30 h (eg, chlordiazepoxide, clorazepate, diazepam, phenobarbital).
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Pharmacodynamics

The CNS effects of most sedative-
hypnotics depend on dose. These
effects range from sedation and relief
of anxiety (anxiolysis), through
hypnosis (facilitation of sleep), to Coma ’

. (Barpitﬁrates)
anesthesia and coma. s /

7’

s
Medunary'depression
s

.
7’

Depressant effects are additive when 2
or more drugs are given together.

(Benzodiazepines)

The steepness of the dose-response
curve varies among drug groups; those
with flatter curves, such as

) . > anticonvulsant and
benzodiazepines and the newer | muscle-relaxing activity|
hypnotics (eg, zolpidem), are safer for S

Central nervous system effects

Sedation, disinhibition, Possible selective
anxiolysis

-

clinical use. Increasing sedative-hypnotic dose




A. Sedation

Pharmacodynamics

* Sedative actions, with relief of anxiety, occur with all drugs in this

class.
B. Hypnosis

* Sedative-hypnotics can promote sleep onset and increase the
duration of the sleep state.

C. Anesthesia

* At high doses of most older sedative-
hypnotics (barbiturates), loss of
consciousness may occur, with amnesia
(loss of memory) and suppression of

reflexes.

Central nervous system effects

Coma R
(Barbiturates)
s’

’
Medullary depression

’
’,
Anosthesia (Benzodiazepines)
’,

/s,
,r, Hypnosis
s’

Possible selective
anticonvuisant and
muscie-relaxing activit

Sedation, disinhibition
anxiolysis

-

Increasing sedative-hypnotic dose




Pharmacodynamics

D. Anticonvulsant Actions

* Suppression of seizure activity occurs with high doses of most of
the barbiturates and some of the benzodiazepines, but this is usually
at the cost of marked sedation.

* High doses of intravenous diazepam,

lorazepam, or phenobarbital are used in C

status epilepticus. In this condition, ‘ (Batirsto

Meduﬂary.depvossm
’,

heavy sedation is desirable.

¥ o
’
Anesthesla (Benzodiazepines)
’,

o
P
¢ Hypnosis
/

Ceontral nervous system effects
T

Possible selective
anticonvuisant and
muscle-relaxing activit

Sedation, disinhibition, |
anxiolysis

>

Increasing sedative-hypnotic dose




Pharmacodynamics

E. Muscle Relaxation
* Relaxation of skeletal muscle occurs only with high doses of most
sedative-hypnotics.

* However, diazepam is effective at sedative dose levels for specific
spasticity states, including cerebral palsy.

* Meprobamate also has some selectivity as a muscle relaxant.

Coma ',
(Barbiturates)
’

Medullary depression

4 ’
’
Anesthesia (Benzodiazepines)
’,

‘.
/' Hypnosis
/s

Central nervous system effects

Possible selective
anticonvulsant and
muscie-relaxing activity

Sedation, disinhibition
anxiolysis

-

Increasing sedative-hypnotic dose




