Lecture XI
Tranquilizer medicine substances
Although the brain is undoubtedly the most wondrously complex organ, it is possible to distil the way it works into two opposing forces; excitation and inhibition (depressing). Central nervous system (CNS) depressants are drugs that can be used to slow down or “depress” the functions of the CNS. Although many agents have the capacity to depress the function of the CNS, CNS depressants discussed in this chapter include only anxiolytics, sedative–hypnotics, and antipsychotics. There is some overlap between the first two groups. They often have several structural features in common and likewise often share at least one mode of action, positive modulation of the action of -aminobutyric acid (GABA) at GABAA receptor complex. The list of anxiolytic, sedative, and hypnotic drugs is a short one—benzodiazepines, Z-drugs, barbiturates, and a miscellaneous group. Antipsychotic drugs—previously known as neuroleptic drugs, antischizophrenic drugs, or major tranquilizers—are used in the symptomatic treatment of thought disorders (psychoses), most notably the schizophrenias. Antipsychotics are grouped into typical and atypical categories. Both categories share a common feature, a dopamine (DA)-like structure, often hydrophobically substituted. This feature can be related to the most commonly cited action of these agents, competitive antagonism of DA at D2 or occasionally D3 or D4 receptors in the limbic system. The fundamental differences between typical and atypical antipsychotics are that the atypical agents are (a) less prone to produce extrapyramidal symptoms (EPS), because they are less able to block striata D2 receptors vis-à-vis limbic D2 and D3 receptors, and (b) more active against negative symptoms (social withdrawal, apathy, anhedonia). ANXIOLYTIC, SEDATIVE, AND HYPNOTIC AGENTS In addition to benzodiazepines, barbiturates, and a miscellaneous group, many drugs belonging to other pharmacological classes may possess one or more of the anxiolytic, sedative, and hypnotic activities. An arbitrary classification of these agents is as follows: 1. GABAA receptor modulators • Benzodiazepines are highly effective anxiolytic and hypnotic agents (e.g., diazepam, chlordiazepoxide, prazepam, clorazepate, oxazepam, alprazolam, flurazepam, lorazepam, triazolam, temazepam, estazolam, and quazepam). They bind to benzodiazepine-binding sites on GABAA receptor (also known as benzodiazepine receptor [BzR]). They are sometimes called benzodiazepine receptor agonists (BzRAs). • Nonbenzodiazepine hypnotics (Z-drugs): Imidazopyridine (zolpidem), pyrazolopyrimidine (zaleplon), and cyclopyrrolone (zopiclone and its [S]-[]-enantiomer eszopiclone). • Barbiturates including amobarbital, aprobarbital, butabarbital, pentobarbital, phenobarbital, and secobarbital are largely obsolete and superseded by benzodiazepines. Their use is now confined to anesthesia and treatment of epilepsy. • General anesthetics and ethanol. 2. Melatonin-1 receptor (MT1) agonists. A new drug in this area is ramelteon (Rozerem).1 Currently, 10 Food and Drug Administration (FDA)-approved drugs for insomnia include nine BzRAs (five benzodiazepines, four nonbenzodiazepines) and ramelteon. 3. Atypical azaspirodecanediones: Buspirone is a partial 5- HT1A receptor agonist and an anxiolytic. It is less sedative and has less abuse potential. 4. Miscellaneous drugs such as chloral hydrate, meprobamate, and glutethimide are no longer recommended, but occasionally used. 5. Antipsychotics and anticonvulsants. It has been proposed that DA has a facilitative and active role in the sleep–wakefulness cycle. Waking appears to be a state maintained by D2 receptor activation, whereas blocking D2 receptor appears to cause sedation. 6. Antidepressants: Many antidepressants cause sedation, of which trazodone, doxepin, and mirtazapine have been shown to be effective in the treatment of insomnia in patients with depression. Several selective serotonin reuptake inhibitors (SSRIs), including escitalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline, became the first-line therapy for some anxiety disorders in 1990s because they are not as addictive as benzodiazepines. 7. Sedative H1-antihistamines: diphenhydramine and doxylamine: Diphenhydramine is sometimes used as sleeping pills, particularly for wakeful children. It is proposed that histamine may have an involvement in wakefulness and rapid eye movement (REM) sleep. Histamine-related functions in the CNS are regulated at postsynaptic sites by both H1 and H2 receptors, whereas the H3 receptors appear to be a presynaptic autoreceptor regulating the synthesis and release of histamine. The H1 receptor agonists and the H3 receptor antagonists increase wakefulness, whereas the H1 receptor antagonists and H3 receptor agonists have the opposite effect. Another example of H1-antihistamines is doxylamine. 8. -Adrenoceptor antagonists (e.g., propranolol) are sometimes used by actors and musicians to reduce the symptoms of stage fright, but their use by snooker players to minimize tremor is banned as unsportsmanlike. 9. New areas explored for sleep-promoting agents: • Adenosine-2A receptor (A2A) agonists (adenosine is a possible endogenous sleep-producing agent). • Linoleamide and 9,10-octadecenoamide are possible endogenous sleep-producing agents and are positive modulators of GABAA receptors.2 • Anandamide is an endogenous cannabinoid that might be used as a lead to search for new hypnotics. The properties and side effects of FDA-approved hypnotics and commonly used but not FDA-approved hypnotics are reviewed.3,4 Older sedative–hypnotic drugs depress the CNS in a dose-dependent manner, progressively producing calming or drowsiness (sedation), sleep, unconsciousness, surgical anesthesia, coma, and eventually death from respiratory and cardiovascular depression. Although many factors influence the pharmacokinetic profile of sedatives and hypnotics, because most of them are in the nonionized form at physiological pH, their high lipophilicity is an important factor for following properties. (a) Most of them are absorbed well from the gastrointestinal (GI) tract, with good distribution to the brain. This property is responsible for the rapid onset of CNS effects of triazolam, thiopental, and newer hypnotics. (b) Many sedative–hypnotics cross the placental barrier during pregnancy. (c) They are also detectable in breast milk. (d) Some drugs with highest lipophilicity have short duration of action because of their redistribution. (e) Most drugs in this class are highly protein bond. (f) Metabolism to more water-soluble metabolites is necessary for their clearance from the body. Thus, the primary means of elimination of the benzodiazepines is metabolism, and most of them are extensively metabolized. Consequently, their duration of action depends mainly on the rate of metabolism and if their metabolites are active. Benzodiazepines are the most important drugs in both groups; therefore, the two groups are discussed together in the first section. GABAA Receptors, Benzodiazepines, and Related Compounds GABA system (deficiency of GABA activity in CNS) is important in the pathophysiology of anxiety and insomnia. GABA is the most common and major inhibitory neurotransmitter (NT) in the brain and it exerts its rapid inhibitory action mostly through GABA receptors. It is known to activate two types of receptors, the ionotropic GABAA and GABAC receptors and the metabotropic GABAB receptor. GABAA receptor is the target for many anxiolytics and sedative–hypnotic agents including benzodiazepines, barbiturates, zolpidem, zaleplon, eszopiclone, steroids, anticonvulsive agents, and many other drugs that bind to different binding sites of the GABAA receptors in neuronal membranes in the CNS.5,6 It is a ligand-gated chloride ion channel. Upon activation, Cl influx is increased and the membrane becomes hyperpolarized, resulting in neuronal inhibition. GABAA receptor exists as heteropentomeric transmembrane subunits arranged around a central chloride ion (Cl) channel. The five polypeptide subunits (each subunit has an extracellular N-terminal domain, four membrane-spanning domains, and an intracellular loop) that together make up the structure of GABAA receptors come from the subunit families and . There are six isoforms of the -polypeptide (1–6), four of the with two splice variants, and three of the with two variants. Most receptors consist of, , and combinations. Of these, 1, 2, and 2 are most common. The most common pentomeric GABA receptor combination includes two 1, two 2, and one 2 subunit. Other highly expressed combinations are 2, 2, 2 and 2, 3, 2. The subunit composition of the receptors has great bearing on the response to benzodiazepines and other ligands. The multiplicity of subunits results in heterogeneity in GABAA receptors and is responsible, at least in part, for the pharmacological diversity in benzodiazepine effects. For example, , , and subunits confer benzodiazepine sensitivity to the receptors, whereas  and subunits confer barbiturates sensitivity to the receptors. The benzodiazepine recognition site is in the extracellular N-terminus of the 1, 2, 3, and 5 subunits. Studies suggest that 1 subunits are required for hypnotic, amnesic, and possibly anticonvulsant effects of benzodiazepines, whereas 2 subunits are required for the anxiolytic and myorelaxant effects of benzodiazepines. The mutation to arginine of a histidine residue of the GABAA receptor 1 subunit render receptors containing that subunit insensitive to the enhancing hypnotic effects of diazepam. Whereas, if arginine replaces histidine in an 2 subunit, the anxiolytic effect of benzodiazepines is lost.5 In addition, 3 and 5 subunits may be involved in other actions of benzodiazepines; 4 or 6 subunits do not respond to benzodiazepines. Although the binding domain of the benzodiazepines is considered to be in the N-terminal domain of the  subunit, the benzodiazepines also require a 2 subunit for most positive allosteric effects. Amino acid residues in the 1 subunit that have been identified as key binding sites within the benzodiazepine-binding site are His 101, Tyr 161, Thr 162, Gly 200, Ser 204, Thr 206, and Val 211. In the subunit, Phe 77 has been identified.2,5,7–12 When benzodiazepines bind to a benzodiazepine recognition site, one of several allosteric sites that modulate the effect of GABA binding to GABAA receptors located on GABA receptor complex, the benzodiazepines induce conformational (allosteric) changes in the GABA-binding site, thereby increasing the affinity of the receptor for GABA. As a result, the frequency of Cl channel openings is increased over that resulting from the binding of GABA alone, and the cell is further hyperpolarized, yielding a more pronounced decrease in cellular excitability. The benzodiazepines appear to have no direct effect on the GABAA complex or ionophore. Several newer agents that have structural characteristics broadly related to the benzodiazepines, including imidazopyridines (zolpidem), pyrazolopyrimidines (zaleplon), and cyclopyrrolone (eszopiclone), can act as positive modulators at the benzodiazepine 1 recognition site selectively with fewer side effects. Benzodiazepines and related compounds can act as agonists, antagonists, or inverse agonists at the benzodiazepine binding site on GABAA receptor.
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Most classical benzodiazepines are positive modulators (agonists), many probably nonselectively for all the receptor subtypes that respond to benzodiazepines. Some have been claimed to be relatively selective as T-drugs and anticonvulsants. Some -carbolines are negative modulators (inverse agonists) at benzodiazepine modulatory sites. Negative modulators diminish the positive effect of GABA on chloride flux. In whole animals, they appear to increase anxiety, produce panic attacks, and improve memory. There are also compounds that can occupy benzodiazepine modulatory sites, have no effect on chloride flux themselves, and block positive and negative modulators. They have been called variously antagonists, zero modulators, and neutralizing allosteric modulators. One such compound, flumazenil, is used clinically to counteract the sedative effect of benzodiazepines and benzodiazepine overdose. In addition to benzodiazepine allosteric modulatory sites, there are other allosteric sites that recognize respectively, barbiturates, inhalation anesthetics, alcohols, propofol (separate sites), and neurosteroids. The convulsants picrotoxin and pentylenetetrazole have definite binding sites on GABA receptors. The field of benzodiazepines was opened with the synthesis of chlordiazepoxide by Sternbach and the discovery of its unique pharmacological properties by Randall.13 Chlordiazepoxide (see the discussion on individual compounds) is a 2-amino benzodiazepine, and other amino compounds have been synthesized. When it was discovered that chlordiazepoxide is rapidly metabolized to a series of active benzodiazepine-2-ones (see the general scheme of metabolic relationships), however, emphasis shifted to the synthesis and testing of the latter group. Most benzodiazepines are 5-aryl-1,4-benzodiazepines and contain a carboxamide group in the seven-membered diazepine ring structure. Empirical structure–activity relationships (SARs) for antianxiety activity have been tabulated for this group (analogous statements apply for the older 2-amino group).13,14 The comparative quantitative SAR on nonbenzodiazepine compounds is also reviewed.15 The following general structure helps to visualize it (Fig. 12.1). Aromatic or heteroaromatic ring A is required for the activity that may participate in - stacking with aromatic amino acid residues of the receptor. An electronegative substituent at position 7 is required for activity, and the more electronegative it is, the higher the activity. Positions 6, 8, and 9 should not be substituted. A phenyl ring C at position 5 promotes activity. If this phenyl group is ortho (2) or diortho (2,6) substituted with electron-withdrawing groups, activity is increased. On the other hand, para substitution decreases activity greatly. In diazepine ring B, saturation of the 4,5-double bond or a shift of it to the 3,4-position decreases activity. Alkyl substitution at the 3-position decreases activity; substitution with a 3-hydroxyl does not. The presence or absence of the 3-hydroxyl group is important pharmacokinetically. Compounds without the 3-hydroxyl group are nonpolar, 3-hydroxylated in liver slowly to active 3-hydroxyl metabolites, and have long overall half-lives. 
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In contrast, 3-hydroxyl compounds are much more polar, rapidly converted to inactive 3-glucuronides, which are excreted in urine and thus are short-lived (Fig. 12.1). The 2- carbonyl function is important for activity, as is the nitrogen atom at position 1. The N1-alkyl side chains are tolerated. A proton-accepting group at C2 is required and may interact with histidine residue (as a proton donor) in benzodiazepinebinding site of GABAA receptor. Other triazole or imidazole rings capable of H-bonding can be fused on positions 1 and 2 and increase the activity. Additional research yielded compounds with a fused triazolo ring, represented by triazolam and alprazolam. Midazolam, with a fused imidazolo ring, also followed. These compounds are short acting because they are metabolized rapidly by -hydroxylation of the methyl substituent on the triazolo or imidazolo ring (analogs to benzylic oxidation). The resulting active -hydroxylated metabolite is quickly inactivated by glucuronidation. The compounds are also metabolized by 3-hydroxylation of the benzodiazepine ring. Interestingly, an electron-attracting group at position 7 is not required for activity in some of these compounds. The physicochemical and pharmacokinetic properties of the benzodiazepines greatly affect their clinical utility. Most benzodiazepines are lipophilic, in the nonionized form and thus well absorbed from the GI tract, whereas the more polar compounds (e.g., those with a 3-hydroxyl group) tend to be absorbed more slowly than the more lipophilic compounds. These drugs tend to be highly bound to plasma proteins; in general, the more lipophilic the drug, the greater the binding. However, they do not compete with other proteinbound drugs. They are also very effectively distributed to the brain. Generally, the more lipophilic the compound, the greater is the distribution to the brain, at least initially. When diazepam is used as an anesthetic, it initially distributes to the brain and then redistributes to sites outside the brain. The benzodiazepines are extensively metabolized. The metabolism of benzodiazepines has received much study.16,17 Some of the major metabolic relationships are shown in Figure 12.2. Metabolites of some benzodiazepines are not only active but also have long half-lives, thus these drugs are long acting. Many benzodiazepines are metabo
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lized by cytochrome P450 (CYP) 3A4 and CYP2C19. CYP3A4 inhibitors (erythromycin, clarithromycin, ritonavir, itraconazole, ketoconazole, nefazodone, and grapefruit juice) can affect their metabolism. However, they do not induce the metabolism of other drugs. Therefore, the drugs have fewer drug interactions than barbiturates. In addition, they have lower abuse potential and a much greater margin of safety than the barbiturates. BENZODIAZEPINES Chlordiazepoxide Hydrochloride, United States Pharmacopeia (USP). Chlordiazepoxide hydrochloride, 7- chloro-2-(methylamino)-5-phenyl-3H-1,4-benzodiazepine 4-oxide monohydrochloride (Librium), is well absorbed after oral administration. Peak plasma levels are reached in 2 to 4 hours. The half-life of chlordiazepoxide is 6 to 30 hours. N-demethylation and hydrolysis of the condensed amidino group are rapid and extensive, producing demoxepam as a major metabolite. Demoxepam can undergo four different metabolic fates. It is converted principally to its active metabolite nordazepam, which is also a major active metabolite of diazepam, clorazepate, and prazepam. Nordazepam, in turn, is converted principally to active oxazepam (marketed separately), which conjugated to the excreted glucuronide. Because of the long half-life of parent drug and its active metabolites, this drug is long acting and self-tapering. As with diazepam (vide infra), repeated administration of chlordiazepoxide can result in accumulation of parent drug and its active metabolites, and thus cause excessive sedation. Diazepam, USP. Diazepam, 7-chloro-1,3-dihydro-1- methyl-5-phenyl-2H-1,4-benzodiazepine-2-one (Valium), is prototypical and was the first member of the benzodiazepine-2-one group to be introduced. It is very lipophilic and is thus rapidly and completely absorbed after oral administration. Maximum peak blood concentration occurs in 2 hours and elimination is slow, with a half-life of about 46 hours. As with chlordiazepoxide, diazepam is metabolized by N-demethylation to active nordazepam, which is 3-hydroxylated to active oxazepam (vide infra) and then metabolized according to the general scheme (Fig. 12.2). Like chlordiazepoxide, repeated administration of diazepam leads to accumulation of an active nordazepam, which can be detected in the blood for more than 1 week after discontinuation of the drug. This drug is a long acting for the same reason. Diazepam is metabolized to nordazepam by CYP2C19 and CYP3A4. Cimetidine, by inhibiting CYP3A4, decreases the metabolism and clearance of diazepam. Thus, drugs that affect the activity of CYP2C19 or CYP3A4 may alter diazepam kinetics. Because diazepam clearance is decreased in the elderly and in patients with hepatic insufficiency, a dosage reduction may be warranted. It is widely used for several anxiety states and has an additional wide range of uses (e.g., as an anticonvulsant, a premedication in anesthesiology, and in various spastic disorders). Prazepam, USP. Prazepam, 7-chloro-1-(cyclopropylmethyl)-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-one (Verstran), has a long overall half-life. Extensive N-dealkylation occurs to yield active nordazepam. 3-Hydroxylation of both prazepam and nordazepam occurs.
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Halazepam, USP. Halazepam, 7-chloro-1,3-dihydro-5- phenyl-1(2,2,2-trifluoroethyl)-2H-1,4-benzodiazepine-2-one (Paxipam), is marketed as an anxiolytic and well absorbed. It is active and present in plasma, but much of its activity is caused by the major active metabolites nordazepam and oxazepam
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Flurazepam Hydrochloride, USP. Flurazepam hydrochloride, 7-chloro-1-[2-(diethylamino)ethyl]-5-(2- fluorophenyl)-1, 3-dihydro-2H-1, 4-benzodiazepine-2-one dihydrochloride (Dalmane), is notable as a benzodiazepine marketed almost exclusively for use in insomnia. Metabolism of the dialkylaminoalkyl side chain is extensive. A major metabolite is N1 -dealkyl flurazepam, which has a very long half-life and persists for several days after administration. Consequently, it produces cumulative clinical effects and side effects (e.g., excessive sedation) and residual pharmacologic activity, even after discontinuation.
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Quazepam. Quazepam (Doral) and its active metabolites reportedly are relatively selective for the benzodiazepine modulatory site on GABAA receptors with 1 subunit and are hypnotic agents. Quazepam is metabolized by Clorazepate Dipotassium. oxidation to the 2-oxo compound and then N-dealkylation. Both metabolites are active; the first reportedly is the more potent and selective. Thereafter, 3-hydroxylation and glucuronidation occur.
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Clorazepate dipotassium, 7-chloro-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzodiazepine-3-carboxylic acid dipotassium salt monohydrate (Tranxene), can be considered a prodrug. Inactive itself, it undergoes rapid decarboxylation by the acidity of the stomach to nordazepam (a major active metabolite of diazepam), which has a long half-life and undergoes hepatic conversion to active oxazepam. Despite the polar character of the drug as administered, because it is quickly converted in the GI tract to an active nonpolar compound, it has a quick onset, overall long half-life, and shares similar clinical and pharmacokinetic properties to chlordiazepoxide and diazepam. Oxazepam, USP. Oxazepam, 7-chloro-1,3-dihydro-3- hydroxy-5-phenyl-2H-1,4-benzodiazpin-2-one (Serax), is an active metabolite of both chlordiazepoxide and diazepam and can be considered a prototype for the 3-hydroxy benzodiazepines.
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For the stereochemistry of this and other 3-hydroxy compounds, see the chapter dealing with metabolism. It is much more polar than diazepam. Oxazepam is rapidly inactivated to glucuronidated metabolites that are excreted in the urine. Thus, the half-life of oxazepam is about 4 to 8 hours, and it is marketed as a short-acting anxiolytic. As a result, its cumulative effects with chronic therapy are much less than with long-acting benzodiazepine such as chlordiazepoxide and diazepam. Lorazepam, USP. Lorazepam, 7-chloro-5-(2-chlorophenyl)-3-dihydro-3-hydroxy-2H-1,4-benzodiazepine-2-one (Ativan), is the 2-chloro derivative of oxazepam. In keeping with overall SARs, the 2-chloro substituent increases activity. As with oxazepam, metabolism is relatively rapid and uncomplicated because of the 3-hydroxyl group in the compound. Thus, it also has short half-life (2–6 hours) and similar pharmacological activity. Temazepam. Temazepam, 7-chloro-1,3-dihydro-3-hydroxy-1-methyl-5-phenyl -2H-1,4-benzodiazepine-2-one (Restoril), also occurs as a minor metabolite of diazepam. It can be visualized as N-methyl oxazepam, and indeed, a small amount of N-demethylation occurs slowly. However, metabolism proceeds mainly through glucuronidation of the 3-hydroxyl group, thus, it is intermediate acting and marketed as a hypnotic said to have little or no residual effect. 
TRIAZOLOBENZODIAZEPINES Alprazolam, USP. Alprazolam, 8-chloro-1-methyl-6- phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine (Xanax), is rapidly absorbed from the GI tract. Protein binding is lower (70%) than with most benzodiazepines because of its lower lipophilicity. -Hydroxylation of the methyl group to the methyl alcohol (a reaction analogous to benzylic hydroxylation) followed by conjugation is rapid; consequently, the duration of action is short. The drug is a highly potent anxiolytic on a milligram basis. Triazolam, USP. Triazolam, 8-chloro-6-(o-chlorophenyl)-1-methyl-4H-s-triazolo[4,3-a][1,4] benzodiazepine (Halcion), has all of the characteristic benzodiazepine pharmacological actions. It is an ultra–short-acting hypnotic because it is rapidly -hydroxylated to the 1-methyl alcohol, which is then rapidly conjugated and excreted. Consequently, it has gained popularity as sleep inducers, especially in elderly patients, because it causes less daytime sedation. It is metabolically inactivated primarily by hepatic and intestinal CYP3A4; therefore, coadministration with grapefruit juice increases its peak plasma concentration by 30%, leading to increased drowsiness. Midazolam. This drug is used intravenously as a shortacting sedative–hypnotic and as an induction anesthetic because of its short half-life for the same reason. Further information can be found in the section on anesthetics.
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NONBENZODIAZEPINE BzRAs Zolpidem (Ambien, an imidazopyridine) and eszopiclone (Lunesta, a cyclopyrrolone) are nonbenzodiazepines and have been introduced as short- and moderate-acting hypnotics, respectively. Zolpidem exhibits a high selectivity for the 1 subunit of benzodiazepinebinding site on GABAA receptor complex, whereas eszopiclone is a “superagonist” at BzRs with the subunit composition 122 and 123. Zolpidem has a rapid onset of action of 1.6 hours and good bioavailability (72%), mainly because it is lipophilic and has no ionizable groups at physiological pH. Food can prolong the time to peak concentration without affecting the half-life probably for the same reason. It has short elimination half-life, because its aryl methyl groups is extensively -hydroxylated to inactive metabolites by CYP3A4 followed by further oxidation by aldehyde dehydrogenase to the ionic carboxylic acid. The metabolites are inactive, short-lived, and eliminated in the urine. Its half-life in the elderly or the patients with liver disease is increased. Therefore, dosing should be modified in patients with hepatic insufficiency and the elderly. Because it has longer elimination half-life than zaleplon, it may be preferred for sleep maintenance. It was the most commonly prescribed drug for insomnia in 2001. Zopiclone was originally marketed as a racemic mixture. Because its S-isomer is a primary active hypnotic, it is now marketed as eszopiclone in the United States. It is less selective for the 1 subunit of GABAA receptor, and it has relatively longer elimination half-life (6 hours) than zolpidem and zaleplon. Consequently, it may be used for patients who tend to awaken during the night. Zaleplon. Zaleplon (Sonata, a pyrazolopyrimidine) is another short-acting nonbenzodiazepine hypnotic. Pharmacologically and pharmacokinetically, zaleplon is similar to zolpidem; both are hypnotic agents with short halflives. It also has selective high affinity for 1-subunit containing BzRs but produces effects at other BzR/GABAA subtypes as well. Zaleplon is well absorbed following oral administration with an absolute bioavailability of approximately 30% because of significant presystemic metabolism. It exhibits a mean half-life of approximately 1 hour, with less than 1% of the dose excreted unchanged in urine. It is primarily metabolized by aldehyde oxidase to 5-oxo-zaleplon and is also metabolized to a lesser extent by CYP3A4. Ndemethylation yields desethylzaleplon, which is quickly converted, presumably by aldehyde oxidase, to 5-oxo-desethylzaleplon. These oxidative metabolites are then converted to glucuronides and eliminated in urine. All of zaleplon’s metabolites are pharmacologically inactive. It may have a more rapid onset (about 1 hour) and termination of action than zolpidem, and therefore, it is good to initiate sleep instead of keeping sleep. Melatonin Receptor Agonist: Ramelteon In the brain, three melatonin receptors (MT1, MT2, and MT3) have been characterized. Activation of the MT1 receptor results in sleepiness, whereas the MT2 receptor may be related to the circadian rhythm. MT3 receptors may be related to intraocular pressure. Their endogenous ligand, melatonin (N-acetyl-5-methoxytryptamine), at times referred to as “the hormone of darkness,” is N-acetylated and O-methylated product of serotonin found in the pineal gland and is biosynthesized and released at night and may play a role in the circadian rhythm of humans. It is promoted commercially as a sleep aid by the food supplement industry. However, it is a poor hypnotic drug because of its poor potency, poor absorption, poor oral bioavailability, rapid metabolism, and nonselective effects.
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Ramelteon (Rozerem). The melatonin molecule was modified mainly by replacing the nitrogen of the indole ring with a carbon to give an indane ring and by incorporating 5- methoxyl group in the indole ring into a more rigid furan ring. The selectivity of the resulting ramelteon for MT1 receptor is eight times more than that of MT2 receptor. Unlike melatonin, it is more effective in initiating sleep (MT1 activity) rather than to readjust the circadian rhythm (MT2 activity). It appears to be distinctly more efficacious than melatonin but less efficacious than benzodiazepines as a hypnotic. Importantly, this drug has no addiction liability (it is not a controlled substance). As a result, it has recently been approved for the treatment of insomnia.
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plasma concentra
metabolism proceeds mainly through glucuronidation Midazolam. This drug is used intravenously as a short-
hydroxyl group, thus, it is intermediate acting and  acting sedative-hypnotic and as an induction anesthetic
d as a hypnotic said to have litle or no residual  because of ts short half-life for the same reason. Further in-
=] formation can be found in the section on anesthetics.
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rapid glucuronidation
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Fast metabolism
tz=~4h
short-acting

Less daytime sedation

An a-hydroxylated metabolite
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Zopiclone was originally marketed as  racemic mixture.
S-isomer is a primary active hypnotic, it is now
eszopiclone in the United States. I isless selec.

tive for the a, subunit of GABA  receptor, and it has rela-

tively longer elimination half-ife (~6 hours) than zolpidem
and zaleplon. Consequently, it may be used for patients who.
tend to awaken during the nigh.

Zaleplon. Zaleplon (S
another _short-acting
Pharmacologically and pharma
ilar to zolpidem; both are hypnotic agents
lives. It also has selective

th short half-
h affinity for a-subunit con-
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Midazolam
Log P = 3.67
tz=~2h

NONBENZODIAZEPINE BzRAS

Zolpidem (Ambien, an imidazopyridine) and
eszopiclone (Lunesta, a cyclopyrrolone) are nonben-
zodiazepines and have been introduced as short- and mod-
erate-acting hypnotics, respectively. Zolpidem exhibi
high selectivity for the @, subunit of benzodiazepin
binding site on GABA receptor complex, whereas e
zopiclone is a “superagonist” at BzRs with the subunit
composition @fB2y: and aiByys. Zolpidem has a rapid
onset of action of 1.6 hours and good bioavailability
(72%). mainly because it is lipophilic and has no ionizable:
‘groups at physiological pH. Food can prolong the time to
peak concentration without aff probably
for the same reason. It has short elimination half-life, be-

aryl methyl groups is extensively a-hydroxylated
to inactive metabolites by CYP3Ad followed by further
oxidation by aldehyde dehydrogenase to the ionic car-
boxylic acid. The metabolites ar
eliminated in the urine. Its half-|
tients with liver disease is incr
should be modified in patients with hepatic insufficient
and the elderly. Because it has longer elimination hal
than zaleplon, it may be preferred for sleep maintenance.
It was the most commonly preseribed drug for i
in 2001

in the elderly or the p
ed. Therefore, dosing

b3

B)

Cravars daitn

Chapter 12 @ Central Nervous System Depressants 451

Zopiclone was originally marketed as  racemic mixture.
Because s a primary active hypnotic,
marketed as eszopiclone in the United States. I is less selec-
tive for the a, subunit of GABA  receptor, and it has rela-
tively long fe (~—6 hours) than zolpidem

leplon. Consequently, it may be used for patients who
tend to awaken during the nigh.

Zaleplon. Zaleplon (Sonata, a pyrazolopyrimidine) is
another  short-acting  nonbenzodiazepine hypnotic.
Pharmacologically and pharmacokinetically, zaleplon is sim-
ilar to zolpidem; both are hypnotic agents with short half-
lives. It also has selective high affinity for a-subunit con-
aining BzRs but produces cffects at other BZRIGABA,
subtypes as well. Zaleplon is well absorbed following oral
administration with an absolute bicavailability of approxi
mately 30% because of significant presystemic metabolism.
It exhibits a mean half-life of approximately | hour, with less.
than 1% of the dose excreted unchanged in urine. It s prima-
rily metabolized by aldehyde oxidase to S-oxo-zaleplon and

also metabolized to a lesser extent by CYP3Ad. N
demethylation yields desethylzaleplon, which is quickly con-
verted, presumably by aldehyde oxidase, 1o 5-oxo-
sethylzaleplon. These oxidative metabolites are then
converted to glucuronides and eliminated in urine. All of zal-
eplon’s metabolites are pharmacologically inactive. It may
have amore rapid onset (about | hour) and termination of ac-
tion than zolpidem, and therefore, it is good to initiate sleep.
instead of keeping slecp.

Melatonin Receptor Agonist:
Ramelteon

In the brain, three melatonin receptors (MT;. MT..
MT,) have been characterized. Activation of the MT, recep-
tor results in sleepiness, whereas the MT receplor may be
related to the circadian rhythm. MTs receptors may be re-
lated to intraocular pressure. Their endoy
tyl--methoxytryptamin
ferred to as “the hormone of darkness,” is
O-methylated product of serotonin found in the pineal gland
and is biosynthesized and released at night and may play a
role in the circadian rhythm of humans. It is promoted com-
mercially as a sleep aid by the food supplement industry.
However, it is a poor hypnoic drug because of its poor po-
tency, poor absorption, poor oral bioavailabiliy, rapid me-
tabolism, and nonselective effects.
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2opiclone

moderate-acting
Shortacting
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CHy

,.r cHy
\"/ Rapid

Aldehyde oxidase
B il
Major pathway

cHy
CYP3A4

N,
NN

N
N

Pyrazolopyri

N-Desethylzaleplon
(inactive)

5-Oxo-zaleplon (inactive)

Zaleplon
mean typ =~ 1h >
Fewer residual side effects
absolute bioavailability = 30%

Ramelteon (Rozerem). The melatonin molecule was  positively modulates the effect of the GABA, recepor.
modified mainly by replacing the nitrogen of the indole ring  GABA binding. Unlike benzodiazepines, they bind at differ-
rbon (0 give an indane ring and by incorporatin ent binding sites and appear to increase the duration of the
groupin the indole ring into a more rigid furanring. ~ GABA-gated chloride channel openings. In adition, by
The selectiviy of the resulting ramelteon for MT, receplor is binding 10 the barbiturate modulatory site, barbiturates c:
it times more than that of MT, receptor. Unlike mela-  also increase chloride ion flux without GABA attachin to
its receptor site on GABA. This has been termed a GABA
mimetic effect. 1t s thought to be related to the profound
NS depression that barbiturates can produce.
The barbiturates are 5.5-disubstituted barbituric acids.
Consideration of the structare of 5.5-disubstituted barbituric

rather than to readjust the circadian rhythm (MT activity). It
appears to be distinetly more us than melatonin but
less cious  ths nes as a_ hypnotic.
Importantly, this drug has no addiction liability (it is not a
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p-Carboline

binding site on GABA, rt
azepines are positive modulators (agonists), many probably
nonselectively for all the receptor sublypes that respond to.
benzodiazepines. Some have b 0 be relatively
selective as T-drugs and anticonvulsants. Some B-carbolines.
are negative modulators (inverse agonisis) at_benzodi
azepine modulatory sites. Negative modulators diminish the
positive effect of GABA on chloride flux. In whole animals,
they app produce panic attacks, and
improve memory. There are also compounds that c:
cupy benzodiazepine modulatory sites, have no e
chloride flux themselves, and block positive and neg:
modulators. They have been called variously antagonist
ero modulators, and neutralizing allosteric modulators.
One such compound, flumazenil, i used clinically to coun-
teract the sedative effect of benzodiazepines and benzodi
azepine overdos

I to increase anxi

Chapter a45

Central Nervous System Depressants

N,

o,
o
Flumazenil (Romazicon)
An imidazobenzodiazepinone
A BZR antagonist

chlordiazepoxide is rapidly metabolized to a series of active.
benzodiazepine-2-ones (sce the general scheme of meta-
bolic relationships), however, emphasis shifted to the syn-
thesis and testing of the later group. Most benzodiazepines.
aryl-1 4-benzodiazepines and contain a carboxam-
le group in the seven-membered diazepine ring structure.
Empirical structure-activity relationships (SARS) for an-
inxiety activity have been tabulated for this group (analo-
gous statements apply for the older 2-amino group). "¢ The
comparative quantitative SAR on nonbenzodiazey
pounds is also reviewed.' The following general structure.
helps to visualize it (Fig. 12.1).
Aromatic or heteroaromatic ring A is required for the ac-
tivity that may participate in 7- stacking with aromatic
amino acid residues of the receptor. An electronegative sub-
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457
Prazepam
Halazepam, USP. Halazepam, 7-chloro-
phenyl-1(2.2.2-rifluoroethyl)-2H-.4-benzodiazepins
(Paxipam),is marketed as an anxiolytic and well absorbed. It
ctive and present in plasma, but much of its activity is
458 caused by the major active meabolics nordazepam and
oxazepam.
FC
459
Diazepam: Log P =386, tip=~46 h
Long-acting, Protein binding = 99% Halazepam
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Flurazepam hydrochloride
tip=~7h,
ty of its active metabolite
long-acting

Quazepam. Quazepam (Doral) and its active metabo-
lites reportedly are relatively selective for the benzodi
azepine modulatory site on GABA, receptors with a sub-
unit and are hypnotic agents. Quazepam is metabolized by

¥ Cravars daiin

st reporicaly 1s the more.
potent and selective. Thereafter, 3-hydroxylation and glu-
curonidation occur.

Quazepam
typ =39
long-acting

Clorazepate Dipotassium. Clorazepate dipotassium,
-phenyl-1H-1.4-benzodi-
d dipotassium salt monohydrate
(Tranxene), can be considered a prodrug. Inactive itself, it
undergoes rapid decarboxylation by the acidity of the
stomach to nordazepam (a major active metabolite of di-
‘azepam), which has a long half-life and undergoes hey
conversion to active oxazepam. Despite the polar character
of the drug as administered, because it is quickly converted
in the GI tract to an active nonpolar compound,
quick onset, overall long half-
cal and pharmacokinetic properties to chlordiazepoxide
and diazepam.

Oxazepam, USP. Oxazepam, 7-chloro-1,3-dihydro-3-
hydroxy-5-phenyl-2H-1.4-benzodiazpin-2-one (Serax), is
an active metabolite of both chlordiazepoxide and diazepam

and can be considered a prototype for the 3-hydroxy benzo-
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fluorophenyl)-1. 3-dibydro-2H-1, 4-benzodiazepis
dihydrochioridé. (Dalmane). is notable as a benzodi-
azepine marketed almost exclusively for use in insom-
extensive. A major metabolite is
=] which has a very long half-life and persists for several

days afier administration. Consequently, it produces cu-
mulative clinical effects and side effects (e.g.,
sedation) and residual pharmacologic

discontinuation.

458
“/\cm
Quazepam
typ =39
long-acting
459
Flurazepam hydrochloride
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ty of its active metabolite
long-acting
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