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Psychotic Disorders

Neurobiology of Depression and Antidepressan
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i Mi ripeto ancora... la piu importante per noi!

NON CONFONDEREMO MAI LA
CALCOLATRICE CON LE C/FRE CHE
ESSA PRODUCE!!!
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i e questo sara per noi un prezioso strumento!

Lipophilicity: 0</ogP < 3
Molecular weight: <450

Polar surface area (PSA): 60 = 90 A2

Hydrogen bonding (O + N): <46
Charge: 4 <pKa< 10
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1. Psychotic disorders introduction

The psychotic disorders are classified into 3 majogroups:
1. Anxiety disorders(phobia and sleeping disorders)
2. Effective/mood disorderg(depression)

3. Personality disorders(schizophrenia)
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1. Psychotic disorders introduction

Neurotransmitters and related psychotic disorders:

Dopaminet
Norepinephring
Serotoniry
Acetylcholine!

y-aminobutyric
acid (GABA) |

e Schizophrenia

e Depression

e Depressio
 Alzheimer’s disease
e Anxiety

M SDept. P

Confidential and Property of ©2012 Molecular Modelirg Section
harmaceutical and Pharmacological SciencesUniversity of Padova -

ltaly S.MORO - CFTIl 2016/2017




1. Psychotic disorders introduction

e Anxiolytic Drugs:
* Benzodiazepines (BDZ)
» Barbiturate
» Azapirones (Buspirone)

e Antidepressant Drugs:
« Tricyclic/Plycyclic
 Monoamine oxidase inhibitors
» Selective serotonin-reuptake inhibitors (SSRI)

* Neurolytic Drugs:

* Phenothiazin
* Buteopheanol
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2. Anxiety and anxiolytic drugs

=EDefinition:

| Anxiety disorders are blanket terms covering
several different forms of abnormal and
pathological fear and anxietywhich only came

under the aegis of psychiatry at the very end
of the 19" century.

Although in casual discourse the words
anxiety and fear are often usec
iInterchangeably, in clinical usage, they have
distinct meanings; anxiety is defined as an
unpleasant emotional state for which the
cause is either not readily identified or
perceived to be uncontrollable or
unavoidable, whereasfear is an emotional
and physiological response to a recognized
external threat. The term anxiety disorder,

The Scream an expressionist painting by ) )
Norwegian artist Edvard Munch depicts an ~however, Includes fears (phobias) as well as

episode of extreme anxiety that Munch felt. anxieties.
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2. Anxiety and anxiolytic drugs

EDefinition:

High
Flow

Anxiety Arousal

Challenige level

Boredom Relaxation

Apathy
Low

Lows Skill level High

The Scream an expressionist painting by
Norwegian artist Edvard Munch depicts an
episode of extreme anxiety that Munch felt.
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2. Anxiety and anxiolytic drugs

Types of anxiety disorders: Symptoms:
1. Generalized anxiety disorder « Tachycardia
e Sweating

o Palpitations

o Sympathetic activation

2. Panic disorder

3. Phobias

4. Obsessive—compulsive disorder
5. Post-traumatic stress disorder
6. Separation anxiety
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2. Anxiety and anxiolytic drugs

Consensus of data shows the
amygdala has a substantial role iIn
mental states, and is related to many
psychological disorders. The
amygdala performa primary role In
the processing and memoryof
emotiona reaction anc it IS
considered part of the limbic system
It Is central to the processing of fear
and anxiety, and its function may be
disrupted in anxiety disorders.

Low levels of GABA, a neurotransmitter that reduces activity in the
central nervous system, contribute to anxiety. A number of anxiolytics
achieve their effect by modulating the GABAceptors.
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2. Anxiety and anxiolytic drugs

. |
H N ;
O

Gamma-aminobutryic acid (GABA)

y-aminobutyric acid (GABA) is the brain’s major inhibitory neurotransmitter. When
GABA binds to a GABA receptor in the brain, it causes a redurctn the ability of that
neuron to conduct a neural impulse. Thus, GABA has the gldit‘'shut down” nerve

cells throughout the central nervous system (CNS).
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2. Anxiety and anxiolytic drugs
2.1y-aminobutyric acid (GABA)

SABA is synthesized by decarboxylation of glutamate by the emzgtamic acic
Jecarboxylas (GAD).
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2. Anxiety and aamobd)titc ddunggs

Brain glutamate-glutamine cycle

glutamate
synthase
glutamine glutamate
. synthetase decarboxylase
Glutamine » Glutamate i » GABA
Vitamin B6
gltamate Vitamin B8 | oo e
Y
Citric :
/A;: - Succinate
Cudl sweenate Semialdehyde
ycie semialdehyde
dehydrogenase
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2. Anxiety and aamobd)titc ddunggs

GAD

GADG67 derivated from PDB 20kj

The magic role of GAD: GABA is synthesized from glutamate by the enzyme glutamic acid
decarboxylase (GAD). In mammals, GAD exists in two isoforms encoded by twdifferent
genes - GAD1 and GAD2. These isoforms are GAD67 and GADG5 with moleculareights of
67 and 65 kDa, respectively. GAD1 and GAD2 are expressed in the brain wne GABA is
used as a neurotransmitter, GADZ2 is also expressed in the pancredSAD requires a cofactor,
pyridoxal phosphate, derived from vitamin B6. Consequently, a dietary deficiency of vitamin
B6 can lead to diminished GABA synthesis, resulting in seizugeand mental retardation.
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2. Anxiety and aamobd)titc ddunggs
2.1y-aminobutyric acid (GABA)

ad .

PLP domain [A)
Lys405-PLP -

PLP-GABA

Monomer A

o Berminal domain (B) N e
-terminal domain (A)

-

Key to structures ‘

" e :

I co i

ysaos(zse) [ ° i

) :

0™ o GABA . =N

| Lys-PLP el (i i

: : o ” ; yraa4 o L fnazs3
: : e o : His2g91 |
| GADG7 active ; Uapﬂ’\@%’ : g e :
! site A ! s ! GADB7 active 1 i
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PLP-GABA T e e
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2. Anxiety and aamobd)titc ddunggs
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2. Anxiety and anxiolytic drugs
2.1 GABAergic receptors

|
|
lon channels 1
|

\ 4
GABA-A and GABA-C (GABA-Arho)
n}i‘: 2 :rj:m

GABAg o~ GABA-
type [
Y [1 \
p ¥

Subunit al=5, p1=3, y1=3, p1=3
diversity b, o, xand B

:GPCRS (Family C)
1

GABA-B
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2. Anxiety and anxiolytic drugs

GABA-Areceptors:
* mediate fast inhibitory synaptic transmission
e regulate neuronal excitability

* responsible for rapid mood changes (e.g. anxiety, panic and stress
response)

GABA-B receptors:

* mediate slowinhibitory potentials

o effects on memory and mood (depression)
« effects on pain response

GABA-C (GABA-Arho) receptors
» especially high expression in the retina

e Insensitive to typical allosteric modulators of GABAA receptor
channels such as benzodiazepines and barbiturates.

» physiological roles still unclear
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2. Anxiety and anxiolytic drugs

GABA GABA controls the excitability of neurons by binding to
picrotossing  (Pieuculling) BB the GABA-A receptor. The GABA-A receptor is a protein
04\ J/ cleoel ©) complex located in the synapses of neurons. All GABA-A

: “o ((zi’ééfcﬁmm) receptors contain an ion channel that conducts chloride
-~ lons across neuronal cell membranes and two binding
sites for the neurotransmittery-aminobutyric acid
(GABA), while a subset of GABA-A receptor complexes
alsc contair a single bindinc site for benzodiazepint.
Binding of benzodiazepines to this receptor complex
promotes binding of GABA, which in turn increases the
. = conduction of chloride ions across the neuronal cell
" membrane. This increased conductance raises the
Crr membrane potential of the neuron resulting in inhibition
of neuronal firing.
Interest in the behavioral and psychological roles of GABA las focused on

the bonding of GABA to the GABA-A receptor, which is widely distributed
throughout the brain; 60-75% of all synapses in the CNS are GBAergic!

benzodia-
zepine
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2. Anxiety and anxiolytic drugs

GABA .
picrotossina (bicucullina) barbiirici GABA-A receptors are very heterogeneous, with at

steroz i
/ ' least19 different subunits producing potentially over
Dienmiing 150,000 different receptor types. It has recently been
discovered that some of these subunits mediate
specific behavioral and pharmacological effects. For
example, the high-affinity binding of GABA-A
| i receptor to benzodiazepin«require: the presenc of a
oin ey v2 subunit and an adjacemt, a2, a3, orab subunit.

benzodia-
zepine

Different GABA-A receptor subtypes have varying distributions
within different reglons of the brain and therefore control distinct neuronal t#cdence, activatioof
different GABA-A receptor subtypes by benzodiazepines may result in digthrmacological actions.
In terms of the mechanism of action of benzodiazepines, their singlaudie too great to separate them
into individual categories such as anxiolytic or hypnotic. For example, a hypnotimestiened inlow
doses will produce anxiety relieving effects, whereas a benzodiazepinetathdsean anti-anxiety drug
will at higher doses induce sleep.
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2. Anxiety and anxiolytic drugs

2.1 GABA-A Receptors
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The superfamily of the ligand-gated ion
channels contains cys-loop receptors such as
GABAA receptorf GABAAR), glycine (GlyR),
serotonin (5HT3) and nicotinic acetylcholine
(nNAChR) receptors, ionotropic glutamate
receptors (AMPA, Kainate and NMDA) and
ATP-gated channel$P2X).

The structure of the nicotinic acetylcholine
receptor (nAchR: PDB cod2BG9) can be used
to simulat¢ the GABAA recepto. Bottorr: view

of the receptor from the extracellular face of the
membrane. The subunits are labelled according
to the GABAA nomenclature and the most
prominent GABAA receptor subtype s
displayed. The approximate locations of the
GABA and benzodiazepine (BZ) binding sites
are noted (between thex subunits andp
subunits and between the subunits andy
subunits respectively).
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GABAsraic nerve Tarmimal

Hyprotics Anxiolytics

i BOZs

. diazepam (32)
temazepam® (&) lorazepam® (12)
lormetazepam (10) alprazolam
nitrazepam (24)

Z-oRics ANTIDEPEESSANTS
zopiclone (4.4) o
zolpidem (1L.9) :rﬁ:ﬂ:‘::
zaleplon (1.0) escitalopram

OTHER DRLGS ventafaxineg
chioral hydrate (10)
chiomethiazole (6) buspirone
(e o) f-BLOCKER

{ )= Appronimats fexl
elrmination hatf ife (hours) proprase

" Me acthe metabolices

BDZs increass probablity
of .chaninel opaning
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2. Anxiety and anxiolytic drugs

Glicina

GABA €

Anioni P

Proteina _|
ancestrale

5- HT,

Cationi ACh

2500 1500

Milioni di anni
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2. Anxiety and anxiolytic drugs

GABAergic
neuron

GABA, receptors
A
_ f N
Localization Synaptic Extrasynaptic
Subunit v2(oq-0c3) &(og or ag)
Function Phasic inhibition Tonic inhibition

Neurosteroids, alcohol
general anesthetics

mzflﬂg:grs Benzodiazepines
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2. Anxiety and anxiolytic drugs

Cholesterol =»

Astrocyte

Pregnenolone

o

kA
Pregnenolome

I

Pregnenclone-S

17-0Hase

DHEA-5 <= DHEA

Estradiol €= Testosterone ij

fallopregnanclone)

Mitochondria

3p-HSD

Progesterone (PROG)
+5u reductase

.} 3a-HSD
THPROG

I Allo-pregnanclone

Iy “

vy
Estradiol Calt Pregnenolone-5
DHEA.-'L}HE.& S
MNeuroprotection
NMDA Neuron

@ BAATORCLIN I

receptor o)
Plasticity
Neurotoxicity %1
J

'? GABA,

receptor

Sedation
Muscle relaxation
Anticonvulsant effect
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2. Anxiety and anxiolytic drugs

2.2 GABA receptors agonists

Muscimol
5-(aminomethyl)-isoxazol-3-ol

iIsoxazol

Muscimol is the majoi psychoactiv alkaloic preser in many
- NNUSNrOOMs  of theAmanita genus. While muscimol is
@ conventionally thought of as a selective GABA-A agonist, it
'is also a potent partial agonist at the GABA-C receptor, and
24 §so its range of effects results from a combined action at both

@ poisonous and unfit for human consumption.
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2. Anxiety and anxiolytic drugs

pKa [14.8

logD: logPf (pH) o6

N
2.04] /
272 /

4_-:}?-4—”’/
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2. Anxiety and anxiolytic drugs

| Why often GABA-A receptor agonists present
. jinitially SNC  excitatory effects, like
~ = hallucinations, modification of the vision and

GABA-A neurons, apparently, are silenced first...
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2. Anxiety and anxiolytic drugs

1
O N
H TH

GABA 0
Bicuculline is a light-sensitive competitive O

antagonist of GABAA receptors. It was originally O
identified in 1932 in plant alkaloid extracts an(@\/o

has been isolated fromDicentra cucullaria,

Adlumia fungosa, Fumariaceae, and several Bicuculline

Corydalis species. Since it blocks the inhibitory
action of GABA receptors, the action of
bicuculline mimics epilepsy

Confidential and Property of ©2012 Molecular Modelirg Section
M S Dept. Pharmaceutical and Pharmacological SciencesUniversity of Padova - Italy S.MORO — CFTII 2016/2017




2. Anxiety and anxiolytic drugs

<O ®
O N\
H T H
Bicuculline O O

5 O
O logP = 2.7
pKa=7.5

PSA66 A2
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a No ligands

Inactive M, receptor Active M, receptor

b With agonist

c With agonist and PAM

= Allosteric site @ Agonist
—— Orthosteric site B PAM
= ( protein binding site

Energy ——

Energy —

Energy —

Welcome to the magic kingdom of PAM!

]
1
1
1
\
[ ’ . ’
L
1
[y
1

Reaction coordinate ——

Reaction coordinate ——»

Reaction coordinate —

Nature Reviews | Drug Discovery
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¥ Welcome to the magic kingdom of PAM!

— orthosteric agonist alone
—— + PAM that increases binding

——+ PAM that enhances the functional response
/ —— + NAM that decreases binding

—— + NAM that lowers the functional response

—— PAM or NAM alone

Log [orthosteric agonist]

Functional response
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2. Anxiety and anxiolytic drugs

A benzodiazepine is gosychoactive drug whose core chemical structure is the
fusion of a benzene ring andla4-diazepine ring

oy oS
x

4"

5-phenyl-1H-benzolg][1,4]diazepin-2(3H)-one
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2. Anxiety and anxiolytic drugs

Traditional benzodiazepines Heterocycle benzodiazepines
(first generation) (second generation)
N
R, ~ZN
\ O X
N N( //
B Rs @ B Rs
—_
R N R’ =N

g o

Imidazolo-benzodiazepines, X = CH
Triazolo-benzodiazepines, X = N
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2. Anxiety and anxiolytic drugs

The first benzodiazepinechlordiazepoxide (Librium), initially called
methaminodiazepoxidewvas discovered accidentally by Leo Sternbach in 1955,
and made available in 1960 by Hoffmann—-La Roche, which hss mlarketed
diazepani{Valium) since 1963.

H
\
N~cH,
S—
O _
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2. Anxiety and anxiolytic drugs

Synthesis othlordiazepoxidgLibrium):

NH, NH
2 N CH,Cl NHCH.
\( N
o  NHOH NOH  CICH,COCI "
3 cl — N+\
C g o

S.MORO - CFTIl 2016/2017
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2. Anxiety and anxiolytic drugs

Diazepine
Benzo zep

- Rungs A, B and C are required for BDZ-receptor binding activity:

- Rung A participates i "pi-p1 stacking " nteractions with a comphmentary

functionality on the receptor

- An electron withdrawing group at R (usually C1 or NO,) 1s required for
opiimal receptor affinity
- Subsumition on other positions of this ring may decrease activiry

- Ring C contributes to BDZ-receptor binding through hyvdrophobic and steric
interactions:

- Position R, may be unsubtituted or contain a halogen atoms. Halogenation
(F, Cl) generally increases BDZ activity
- Substitution on other positions of this ring may decrease activity (4')

- Ring B 15 required for optimal BDZ-receptor binding, BUT

- Neither the amude C=0 or N-alkyl groups (R,) directly contribute to binding.
R; can be II, CII;, or relatively small alkyl groups.

- Amide can be replaced with an amidine group as in chlordiazepoxide

- Amide can be replaced with heterocycle such as imidazole or triazole

- The 3-position may be unsubsttuted (R; — H) or hydroxylated (R; — OH)

- The 4-5-mmino group is not required for actvicy

- Substituents at positions 1, 3 and to a lesser extent 7 influence pharmacokinetics
as described in the sections that follow!

Ieterocycle
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2. Anxiety and anxiolytic drugs
2.3 Benzodiazepine: classification

N-1-Substiuted-3-Unsubstituted Benzodiazepines ("Diazepams”)

CH,.CH,N(CH,CH;),
0

D

=N

Flunitrazepam
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2. Anxiety and anxiolytic drugs

Ammidino-N-oxide Benzodiazepanes (Chlordiazepoxide)

ﬁj}.HCH;
Cl =N
™0
J||' =y
—

Chlordiazepoxide

3-Carboxvl-N-1-Unsubstituted Benzodiazepines (Chlorazepate)

Fe® o
O

Chlorazepate

M SDept. P
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2. Anxiety and anxiolytic drugs

N-1-Substituted-3-Hvdroxy Benzodiazepines ("N-Alkvl-Oxazepams")

Temazepam

N-1-Unsubstituted-3-Hvdroxy Benzodiazepines ("Oxazepams")

H

i |
0
N o N
SISt
Cl =N Cl =N
o O

Oxazepam Lorazepam
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2. Anxiety and anxiolytic drugs

Imidazo-Benzodiazepines
\[, )

Cl"N
Os

Midazolam

Triazolo-Benzodiazepines

CH; N CHs N _N.

- ~ N N

Cl =N Cl =N Cl =N
ST SE S

Alprazolam Triazolam Estazolam
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2. Anxiety and anxiolytic drugs

The BDZs are weak organic bases with the most basic nitrogen being the imine N4
(amide at positions 1,2 is non-basic). Thus BDZ salts can only be formed with strong
acids. Unfortunately, such strong acid salts are unstable and readily undergo
sequential hydrolyses. first at the imine bond and then at the amide to yield mactive
products. The first hydrolysis reaction (imine hydrolysis) is reversible, however
the second (amide hydrolysis) eliminates GABA receptor activity.

R
I o Bro
N N
‘ P H HO ‘ B
R =N 4I_IZT R —0 NH
(™ (™
Unstable salt form
(iminium ion) Complete
Hydrolysis
(amude)
0
H OJKKNHQ +

Substituted glycine

Aminobenzophenone
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2. Anxiety and anxiolytic drugs

The salts formed from the heterocyclic benzodiazepines are more stable than
salts formed from the traditional drugs! When placed in aqueous media the
heterocyclic salts may undergo imine hydrolysis similar to the traditional agents (see
above)., however no further hydrolysis (to inactive products) can occur since the
heterocyclic compounds no longer have an acid labile amide group: in these
compounds the amide was replaced with the heterocyclic group. Thus at acidic pHs
imine hydrolysis may occur as shown below but the reaction does not proceed. and at
physiologic pH (post-injection) reformation of he benzodiazepine ring 1s favored 9as
shown below):

CHj N |

O R O o O s

Imidazo/Iriazolo-BDZs Not hydrolyzed further!
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2. Anxiety and anxiolytic drugs

The salts formed from the heterocyclic benzodiazepines are more stable than
salts formed from the traditional drugs! When placed in aqueous media the
heterocyclic salts may undergo imine hydrolysis similar to the traditional agents (see
above)., however no further hydrolysis (to inactive products) can occur since the
heterocyclic compounds no longer have an acid labile amide group: in these
compounds the amide was replaced with the heterocyclic group. Thus at acidic pHs
imine hydrolysis may occur as shown below but the reaction does not proceed. and at
physiologic pH (post-injection) reformation of he benzodiazepine ring 1s favored 9as
shown below):

CHj N |

O R O o O s

Imidazo/Iriazolo-BDZs Not hydrolyzed further!
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2. Anxiety and anxiolytic drugs

The 3-carboxylate benzodiazepines are unique in that they contain a 3-COOM’
functionality which allows for water solubility. These drugs, of which chlorazepate
i1s the prototype. function as water soluble prodrugs for the more traditional
benzodiazepines. When administered (orally) they are readily protonated m the upper
GI tract and spontaneously decarboxylate (loss of CO,) as shown below to yield an
active benzodiazepine which 1s absorbed from the gut. This is a chemical reaction
and not an enzyme-catalyzed reaction!

Lo T o CO e
DS RIS
CO0 K
- H
cl —=N H - > ‘ \__;O ‘2’ , ‘
Cl =N Cl =N H
Chlorazepate Nordiazepam
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2. Anxiety and anxiolytic drugs
2.3 Benzodiazepine: metabolism

Ho o O HS(% O
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\
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|
|
v—--------> Glucoronide

Oxazepam
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2. Anxiety and anxiolytic drugs

The first benzodiazepine,chlordiazepoxide (Librium), was
synthesized in 1955 by Leo Sternbach while working at Hoffmann—
La Roche on the development of tranquilizers. The pharmacological
properties of the compounds prepared initially were disappointing,
and Sternbach abandoned the project. Two years later, in April 1957,
co-worker Earl Reeder noticed a "nicely crystalline" compound left
over from the discontinued project while spring cleaning in the lab.
This compounc latel namet chlordiazepoxide, hac not beer testel

in 1955 because of Sternbach's focus on other issues. Expecting the
pharmacology results to be negative and hoping to publish the
chemistry-related findings, researchers submitted it for a standard
battery of animal tests. Unexpectedly, the compound showed very
strong sedative, anticonvulsant and muscle relaxant effects. These
iImpressive clinical findings led to its speedy introduction throughout
the world in 1960 under the brand natodrium.

Sternbach L (1979) The Benzodiazepine Story. J Med Chem 22: 1-7. Q;O
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2. Anxiety and anxiolytic drugs

Death . Barbiturate
Coma _— A
Anesthesia  __
Hypnosis  —

_ Benzodiazepine
Sedation  —

Anticonvulsant
Muscle

relaxation ™

Anxiolytic _

kgt .

Drug Dosage
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2. Anxiety and anxiolytic drugs

Therapeutic:
*Anxiolytic (diazepam, alprazolam)
*Hypnotic (triazolam)
*Muscle relaxant (diazepam, lorazepa
*Anticonvulsant (diazepam, lorazepam, clonazepam)

«Sedation(midazolam)

About 50 different kinds of benzodiazepines were being ubesughou
the world.
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What about benzodiazepines selectivity profile?

CoPaly

S.MORO - CFTIl 2016/2017

M S Confidential and Property of ©2012 Molecular Modelirg Section
M Dept. Pharmaceutical and Pharmacological SciencesUniversity of Padova - Italy




What about benzodiazepines selectivity profile?

o, o o a vy, B P, o
Effects of benzodiazepines:
Sedation + - - - +
Anxiolysis -+ A -
Amnesia + +
Myorelaxation - +
Motor impairment -
Anticonvulsant + - - -
Ethanol reinforcement - +
Effects of anesthetics + + + +
Anxiety +
Learning/memory + +

Adapted from Rudolph U, 19992
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What about benzodiazepines selectivity profile?

—

and alphas.

relaxation, and have alcohol potentiating actions.
Non-selective compounds

' Benzodiazepines bind to GABA-A alpha subunits: alpha 1, alpha 2, alpha 3

» Each of these subunits is associated with different effects, and thus
benzodiazepines not only cause sedation but are also anxiolytic, cause muscle

M Dept. Pharmaceutical and Pharmacological SciencesUniversity of Padova - Italy

Ki, nM: By, subunits plus

Compound Structure o, o, (49 g
Hai.'.'i o
B

Diazepam ¢ N 14 20 15 11

HE o o

Flunitrazepam S N:§ 2.2 2.5 4.5 2.1

E F
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Adverse effects

=  Drowsiness and falls

= Impairment in judgement and dexterity

= |ncreased risk of experiencing a road traffic accident

= Forgetfulness, confusion, irritability, aggression and paradoxical
disinhibition

Complications related to long-term use

= Depression

= Reduction in coping skills

= Tolerance and dependence
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Dependence:

Patients gradually ‘need’ benzodiazepines to carry out normal day-to-day
activities

Patients continue to take benzodiazepines although the original indication
for the prescription is no longer relevant

Patients have difficulty stopping treatment or reducing dosage due to
withdrawal symptoms

Short acting benzodiazepines may cause patients to develop anxiety
symptoms between doses

Patients contact their doctor regularly to obtain repeat prescriptions
Patients become anxious if the next prescription is not readily available
Patients may increase the dosage stated in the original prescription

Despite benzodiazepine therapy, patients may present with recurring
anxiety symptoms, panic, agoraphobia, insomnia, depression and an
increase in physical symptoms of anxiety

M S Dept. Pharmaceutical and Pharmacological SciencesUniversity of Padova - Italy
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2. Anxiety and anxiolytic drugs

H?R o
N
logP = 2.9
pKa=3.4
Cl =N PSAO33 A2
on set = ¥1.5 hours
half life = 20+100 hours
Diazepam
7-chloro-1-methyl-5-phenyl43-1,4-benzodiazepin-2-one

Diazepam first marketed asValium by Hoffmann-La Roche, is c I—
benzodiazepine derivative drug. It is commonly used for treating anx;@n?yspam
insomnia, seizures including status epilepticus, muscle spasms, sdsiiss

syndrome, alcohol withdrawal, and Méniere's disease. It may also b

anxiety, and in some surgical procedures to induce amnesia. It possess
anxiolytic, anticonvulsant, hypnotic, sedative, skeletal muscle relaxant, ‘am:
amnesic properties.
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2. Anxiety and anxiolytic drugs

Diazepamhas a broad spectrumof indications, including:

Treatment ofanxiety, panic attacks andstates of agitation

Treatment of neurovegetative symptoms associatedweitiigo

Treatment of the symptoms afcohol, opiateandbenzodiazepine withdrawal
Short-term treatment ahisomnia

Treatment ofetanus together with other measures of intensive-treatment

Adjunctive treatmer of spastic muscular paresi¢ (pare-/tetraplegia cause by cerebre
or spinal cord conditions such as stroke, multiple sclerasginal cord injury (long-term
treatment is coupled with other rehabilitative measures)

Palliative treatment of stiff person syndrome

Pre-/postoperative sedatignanxiolysis and/or amnesia (e.g., before endoscapic
surgical procedures)

Treatment ofcomplications with hallucinogens such as LSD or overdose of CNS
stimulants, such as cocaine, or methamphetamine
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2. Anxiety and anxiolytic drugs

the roling Stones
&

"Mother's Little Helper"

Historically, tranquilizers were not the drug of choice among the biggest drug aé¢he 1960s.
College students, hippies, and concert going youths of that decade were miy¢oliggperimer
with hallucinogenic drugs. Benzodiazepines and minor tranquilizers wereiassbenore with
stay-at-home moms. Their practice of taking Valium—the "little yellow'pHwas widespreadn
the United States and the United Kingdom during this time. The Rolling Stonesieztarsongn
196¢ callec "Mother's Little Helper' abou this trenc. As notec on CNN.com, the Stone san
"Mother needs something today to calm her down / And though she's not really ite'$tzelittle
yellow pill / She goes running for the shelter of a mother's little helper...."

It is estimated that in the 1970s, as many as 30 million women were takimgy tranquilizers. "In
promoting these drugs, the manufacturers portrayed stresses of everfgdag disease states
treatable by prescribing their products,” explained Andrew Weil and VéaifRosen inFrom
Chocolate to Morphine. Some advertisements "suggested giving tranquilizers to harried mothers
and bored housewives." One particular ad aimed at physicians suggestechthegyringesof
injectable diazepam "ready to use, when something must be done to calmidr paémotional
crisis." As Weil pointed out, ads like these always seemed to featuteires of women as
emotionally distressed patients in need of help. Psychiatrists wezly fipeescribing theseninor
tranquilizers to women with little regard of their potential for addiction.
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2. Anxiety and anxiolytic drugs
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2. Anxiety and anxiolytic drugs

CJ

Natural benzodiazepines are present In
different vegetables and fruits (potatoes,
cherries, corn...)

Even if we need 1 ton of potatoes to reach a
pharmacological dose of diazepam, we haveonsidel
the accumulation process of benzodiazepines iaur

The Potato Eaterss a painting by the . .
Dutch painter Vincent van Gogh body (medium permanence time >40 hours)
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2. Anxiety and anxiolytic drugs

There are a number of plants/organisms that can synthesize tHeebhZbdiazepine core,
bui apparently bacteria are the best.
This is the biosynthetic pathway proposed for formation of dpera-like BZDs.

“pathway 1"

2-ABP
w o
hydrolysis n  (glycine)
Penicillium spec.

1 o:aiir:ac -H0
oxidative 1 Hh Q
? %{"“[ e O
i (C

Viridicatin I z Deschlormordiazepam
"pathway 2" %

raductive
amination

reduction

They claim that halogens can be further introduced by bacteakgeroxidase enzymes.
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2. Anxiety and anxiolytic drugs

Many physiological benefits are attributed to milk. In falkisdom, milk intake would improve sleep or provide
a calming effect. Milk proteins are the only proteins syisthed by mammals in order to feed their young.
The effects of caseins in addition to being nitrogen prorgder the newborn are considered, because many
works have shown in the past 15 years that their enzymaticohysls produces peptides with various
biological activities. The peptides found are opioid andio@pantagonist peptides, angiotensine-

converting-enzyme inhibitors, Immunostimulating pepsidplatelet aggregation inhibitors,
phosphopeptides carriers of minerals {C#&€**), mitogenic peptides, antibacterial peptides, and psstea
inhibitors.

In this study, we have shown evidence of a novel anxiolytic
activity in a tryptic hydrolysat: of bovine asl-caseil. Only
one peptide, namedi-casozepingcorresponding to the 91—
100 fragment from bovine asl-casein, expressed affinity
for GABA-A receptor.

The a-casozepine amino acid sequence could be related to the
carboxy-terminal sequence of the polypeptide diazepam
binding inhibitor, an endogenous ligand of the central GABA
A and peripheral-type benzodiazepine receptors.

FASER J. 2001 Aug;15010p:1780-2.

Characterization of alpha-casozepine, a tryptic peptide from bovine alpha(s1)-casein with benzodiazepine-like
activity.

Miclo L, Perrin E, Driou A, Papadopoulos V, Boujrad N, Vanderesse R, Boudier JF, Desor D, Linden G, Gaillard JL.

Laboratoire des Binsciences de [&liment UA 885 INRA, Faculté des Sciences, Université Henri Poincaré-Nancy 1, Vandoeuvre-lés-Nancy, France. Laurent Miclo@schiol. uhp-nancy. fr
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Parasympathetic fibers
of eculomotor nerve (111}

Sympathetic
fibers

\ Superior
cervical
. ganglion

o

)
.

T

Ciliary

Opiods, Benzodiazapines, and Barbiturates cause
pupil constriction.

Opinids: Percocet, vicodin, oxycodone, heroin.
Benzodiszepines alleviate anxiety. [Xanax, valium)|
Barbiturates also called tranquilizers or sedatives.

gij

Chalinergic stimulation
of pupiliary constrictor

Spinal cord

Adrenergic Y

stimulation of «

pupillary dilater /

Sympathetic Jt Parasympathetic H3C 0

(adrenergic) effect {cholinergic) effect

Hallucinogens & Stimulants are known to
cause pupil dilation.

Hallucinogens: Pot, LSD [Mushrooms, Acid]
Stimulants; Cocaine, crack, crystal meth.
Antidepressants can also cause dilation.
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2. Anxiety and anxiolytic drugs

H O
logP=2.4
pKa = 1.5
O,N =N PSAO87 A2
Cl
on set = ¥4 hours
half life = 18+50 hours
Clonazepam

5-(2-chlorphenyl)-7-nitro-2,3-dihydro-1,4-benzodiazepin-2-one

Clonazepamis a benzodiazepine derivative with anticonvulsant, muscle

relaxant, and anxiolytic properties. Clonazepam is generally consiter .. ...

be among theéong-acting benzodiazepines. Clonazepam is classified f,,’,‘;"azepa‘“ T
high potency benzodiazepine and is sometimes used as a SECOI s wmmios biranurados
treatment of epilepsy. Clonazepam like other benzodiazepines while \
first line treatments for acute seizures are not first line for the |lengy
treatment of seizures due to the development of tolerance tc

anticonvulsant effects.

Confidential and Property of ©2012 Molecular Modelirg Section
M Dept. Pharmaceutical and Pharmacological SciencesUniversity of Padova - Italy

S.MORO - CFTIl 2016/2017




2. Anxiety and anxiolytic drugs

H
! o logP = 2.4
pKa =13 (OH)
OH nKa =1.3 (N4)
Cl —N PSA62 A2
Cl
on set = 24 hours
half life = 5+10 hours
Lorazepam

(R,S-7-chloro-5-(2-chlorophenyl)-3-hydroxy-
-1H-benzof][1,4]diazepin-2(8)-one

Lorazepam, initially marketed under the brand nam@sivan, is a higr
potency benzodiazepine drug which has all five intrinsic benzodiaz
effects: anxiolytic, amnesic, sedative/hypnotic, anticonvulsant ancle
relaxant. Lorazepam is used for the short-term treatment of an
Insomnia, acute seizures including status epilepticus, sedatic
hospitalized patients as well as sedation of aggressive patigmteszepam
IS sometimes used as an alternative tioaloperidolwhen there is the neec:

for rapid sedation of violent or agitated individuals.
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2. Anxiety and anxiolytic drugs

H
?N A logP = 3.1
pKa =12.5 (OH)
OH pKa=1.3 (N4)

—
Cl N PSADO53 A2
Cl
on set = 0.51 hours
half life = 5+10 hours
Lormetazepam
(R,9-7-chloro-5-(2-chlorophenyl)-3-hydroxy-1-methyl- 5";";“ i
-1H-benzof][1,4]diazepin-2(B3)-one gﬁlfc::::?‘::.{li,
Lormetazepam (methyl-lorazepam) is a drug which is ahort to Lormetazepam
intermediate acting 3-hydroxy benzodiazepine derivative. It possesses

hypnotic, anxiolytic, anticonvulsant, sedative and skeletal musckxaat
apestezepam is officially indicated fomoderate to severe insomnia.
Lormetazepam is a short-acting benzodiazepine (max. 6 hours) and is use
patients who have difficulty in maintaining sleep or falling asldéloes not
cause episodes of slegpiness-residual sedation upon awakening (the so-called
hangover effect)
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2. Anxiety and anxiolytic drugs

\rN
o
N logP = 3.8
pKa = 6.1 (Ni)
Cl —N PSAO30 A2
F
on set = 0.51 hour
half life = 2+6 hours
Midazolam
8-chloro- 6-(2-fluorophenyl)- 1-methyl- 4H-imidazo[1,5-a]

[1,4]benzodiazepine

Midazolam is a short-acting drug in the benzodiazepine class that is used
for treatment of acute seizures and for inducing sedation and aAMNeSS am o
before medical procedures. It has potent anxiolytic, amnestic, hypfittic,
anticonvulsant, skeletal muscle relaxant, and sedative properties..
Midazolam has a fast recovery time amd the most commonly used
benzodiazepine as a premedication for sedafit@ss commonly it is usedi:

for induction and maintenance of anesthesia
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2. Anxiety and anxiolytic drugs

H
/N
N/
P450 3A4
O ‘ Glucuro-
- —N 30 60% N conjugated
F
Midazolam 1’- or a-hydroxy-
Midazolam
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2. Anxiety and anxiolytic drugs

YN/\

N logP = 2.1
pKa = 2.4 (Ni)
Cl —N PSA43 A2

on set = 2 hour
half life = 6+12 hours

Alprazolam

8-chloro-1-methyl-6-phenyl#4-
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine

“RESCRIPTION
JNLY MEDICINE

Alprazolam, also known under the trade names Xanax, Xanor, Alpré E e
and Niravam, is a highly potent short-acting drug of the benzodiazer: -
class.It is primarily used to treat moderate to severe anxiety disorde
(e.g., social anxiety disorderand panic attacks and is used as an
adjunctive treatment for anxiety associated with moderate depress
Alprazolam possesses anxiolytic, sedative, hypnotic, anticonvulsant,
muscle relaxant properties.
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2. Anxiety and anxiolytic drugs

YN;

N logP=2.5
pKa = 2.3 (Ni)
o —N PSAD43 A2
Cl
on set = 0.52 hour
half life = 2+4 hours
Triazolam

8-chloro-6-(2-chlorophenyl)-1-methyl-4H-

[1,2,4]triazolo[4,3-a][1,4]benzodiazepine
Triazolam is a benzodiazepine derivative drug. It possessnamm
pharmacological properties similar to that of other benzodiazepines, bu = =
generally only used as a sedative to treat insomnla addition to the| -
hypnotic properties triazolam possesses, amnesic, anxiolytic, wed
anticonvulsant and muscle relaxant properties are also present. Due
short half-life, triazolam is not effective for patients that suffeom
frequent awakenings or early wakening.
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2. Anxiety and anxiolytic drugs

Bioisoster
fragments

«———
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2. Anxiety and anxiolytic drugs

N\
TN logP = 2.8

N /,
> | \S pKa = 2.3 (Ni)
PSA[43 A2

Cl on set = 0.52 hour
half life = 4+5 hours

Brotizolam

Brotizolam has been shown in animal studies to be a very high potency benzodiazepine, and it ma
be the most potent benzodiazepine used on humans. Although further studies need to toe done
confirm this. The elimination half-life of Brotizolam is 4-5 hours. Brotizolas a sedative-
hypnotic thienodiazepine drug. It possesses anxiolytic, anticonvulsant, hypsetiative and
skeletal muscle relaxant properties, and is considered to be similaffeat to short-acting
benzodiazepines such as Triazolam.
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2. Anxiety and anxiolytic drugs
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2. Anxiety and anxiolytic drugs

logP=2.1'@ §
pKa =(4.4
PSAO41 A2

Cl

on set = 23 hour
half life = 32 hours

Clobazam

1-phenyl-5-methyl-8-chloro-1,2,4,5-tetrahydro-2,4-dioxo-3H-1,5-benzodiazepine

Clobazam belongs to the 1,5-benzodiazepine class of drugs and icEgpé haves
better side-effect profile compared to older 1,4-benzzepanes. It has been marketed as
an anxiolytic since 1975 and almnticonvulsant since 1984. Clobazam is extensively
metabolized in the liver via N-demethylation and hydroxgia: N-desmethylclobazam
(norclobazam) and 4'-hydroxyclobazam, the former of whegclactive. Norclobazam is
one-fourth the potency of clobazam.
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2. Anxiety and anxiolytic drugs

N O
©
N\ﬂ@’\
F/CQ'/N\ logP = 1.9
I CH,

Flumazenil

ethyl 8-fluoro-5-methyl-6-oxo-4H-imidazo[1,5-a][1,4]benzodiazepine-3-
carboxylate

Flumazenil is a benzodiazepine antagonist. It was introduced in 1987 by Hoffmann-La
Roche under the trade namfexate. Flumazenil antagonizes the CNS effects produced by
benzodiazepines and Z-drugs, but does not antagonize the central nervous systenoetiaugs
affecting GABA-ergic neurons by means other than the benzodiazepine reaaphodiqg ethanol,

barbiturates, " Anexate”

or general anesthetics) and does not reverse the effects jrmBlisel G ./ 3 JD

of opioids. m o
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2. Anxiety and anxiolytic drugs

Its use, however, I1s controversial as

N @)
r
o
It has numerous contraindications!!
- AN
a CH3

Flumazeni is very effective al reversin(the CNS depressio associate with benzodiazepin

but is less effective at reversing respiratory depression. One study found that08alof the
patien population presenting with a benzodiazepine overdose are suitable candidates fol
flumazenil.

Due to its short half life, the duration of action of flumazenil is usuallsiéhan 1 hour, and
multiple doses may be needed. When flumazenil is indicated the risks can bedediuc
avoided by slow dose titration of flumazenil. Due to risks and its many comlications,
flumazenil should be administered only after discussion with a medical taxsb)

Seger DL "Flumazenil--treatment or toxid..Toxicol. Clin. Toxicol. 2004, 42, 209-16.
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o, selective compounds

Ki, nM: Py}, subunits plus
Compound Structure o, oy Oy s
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Z-drugs are a group of nonbenzodiazepir drugs with effects similar to
benzodiazepines, which are used in the treatment of insomamiand most of whose
names start with the letter "Z". Some Z-drugs may have advantages over
benzodiazepines. Benzodiazepines actually worseteep architecturewhereas the
Z-drug zaleplon (Sonata) may have less or no disruption of gep architecture.
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o, selective compounds

Ki, nM: Py}, subunits plus

Compound Structure o, oy oy s
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Z-drugs emergec in the last years of the 198(s and early 199(Cs, with zopiclone (Imovane)
approved by the British National Health Service as early as 1989, quickly follwed by
Sanofi with zolpidem(Ambien). By 1999, King Pharmaceuticals had finalized approval with
the American Food and Drug Administration (FDA) to market zaleplon(Sonata, Starnoc)
across the US. In 2005, the FDA approvedc:szopiclone(Lunesta) the (§)-enantiomer of
zopiclone. That same year, 2005, the FDA finalized approval for Ambien CR, oextended-
release zolpidem. Most recently, in 2012 the FDA approved Intermezzo,mch still utilizes
zolpidem as its active ingredient, but is marketed for middle-of-tre-night insomnia,
available in doses only half of the strength of immediate-release Ambierotavoid residual
next-day sedation.
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Newborn
to
2 months old

N

HOW MUCH SLEEP DO YOU REALLY NEED?

3 months lto3
to years old
lyearold

e

31095
years old

Stol2
years old

12to18
years old

14u-3hrs ].%hrs ].:!.ohrs lqohrs 8 5hrs
15hrs ].4hrs ].3hrs ].].hfs 9 25hrs

»

Adult
(18+)

Complications_, of
Insomnia

Psychological — S*? :
- Lower performance NAi77
- Slowed reaction time -

- Risk of depression

- Risk of anxiety disorder

Other:
Overweight ar obesity

High blood
pressure

Risk of
heart disease

Poor immune
system function

Risk of
diabetes

M
M
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Neurotransmitters in wake:

Neurotransmitter Location

(Activating/Arousal Promoting)

Acetylcholine - Basal forebrain
- Pedunculopontine tegmentum
(PPT)/laterodorsal tegmentum (LDT)

Dopamine - Ventral periaqueductal gray matter
- Substantia nigra

Glutamate - Ascending reticular activating system
- Thalamocortical system

Histamine - Tuberomammillary nucleus
(TMN)/posterior hypothalamus
Hypocretin/Orexin - Lateral hypothalamus
Norepinephrine - Locus coeruleus (LC)
Serotonin - Raphe nuclei, thalamus
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Neurotransmitters in sleep:

| Neurotransmitter (Sleep .Location

Promoting)

Adenosine - Basal forebrain

Melatonin - Pineal gland

GABA (located in 30% of all brain - Ventrolateral preoptic nucleus
synapses) (VLPO)

Galanin - Ventrolateral preoptic nucleus

(VLPO)
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Medication Dose (mg) | Onset (min) | Half-life (hr) Active Indication
metabolite

Benzodiazepines:

Estazolam 05-20 15 -30 8-24 No SMi
Flurazepam 15-30 30 -60 2- 52 Yes SMI
47 —120°
Quazepam 75-30 20 -45 15 - 403 Yes SMI
39 —-1200
Temazepam 7.5-30 45 -60 8—-20 No SMI
Triazolam 0.125-0.25 15 -30 1.5-5 No S0l
Benzodiazepine Receptor
Agonists (BzRAs):
Eszopiclone 1—3 60 6.0 No SMI
Zaleplon 5-10 15 1.0 No S0l, SMI
Zolpidem 5-10 30 15-45 No SOl
Zolpidem ER 6.25—-125 90 16-40 No SOl, SMI
Zolpidem SL 1.75- 35 35 14-36 No SMI
Melatonin Receptor Agonist
Ramelteon 8 30 -90 1-26° Yes SOl
2-5°
Tricyclic Antidepressant
Doxepin 3-6 210 19.3° Yes SMI
31 0¢

a = parent compound;® = active metabolite; SMI = sleep maintenance insomnia; SOl = sleep onset insomnia
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2. Anxiety and anxiolytic drugs

Death .- .
Coma Barbiturate
Anasthesia  _
Hypnaosis —
Sedation —
Anticonvulsant __|
Muscle _ _
relaxation ™ Benzodiazepine
Anxiolytic  _J

Drug Dosage
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2. Anxiety and anxiolytic drugs

Barbiturates are drugs that act as central nervous
system depressants, and, by virtue of this, they

product a wide spectrumof effects, from mild J_L
sedatior to total anesthesiaThey are also effective as 2
anxiolytics, as hypnotics, and as anticonvulsants. Thel/_I N’1 SN H
have addictior potential botlk physica anc 5
psychologice. Barbiturates have now largely be
replaced by benzodiazepines in routine medital
practice - for example, in the treatment of anxiety and R' R
Insomnia — mainly because benzodiazepines are
significantly less dangerous in overdose. However,
barbiturates are still used in general anesthesia, as well

as for epilepsy. Barbiturates are derivatives of

barbituric acid.
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2. Anxiety and anxiolytic drugs

Barbituric acid or malonylurea or 6-hydroxyuracil is an organic compoundeloiaon a
pyrimidine heterocyclic skeleton. It is an odorless powstduble in hot water. Barbituric
acid is the parent compound of barbiturate drugs, althowgbituric acid itself is not
pharmacologically active. The compound was discoverechby@erman chemisidolf
von Baeyeron December 4, 1864, the feast&#fint Barbara (who gave the compound
Its namesake), by combining urea and malonic acid in a caal@m reaction.

Malonic acic has since beer replacei by diethyl malonate as usinc the este avoids the
problem of having to deal with the acidity of the carboxylicichand its unreactive

carboxylate.
: Bk
OH H=N 0 )N
=0 (  )=o
—_ N
S H

OH Hl\k

O H
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2. Anxiety and anxiolytic drugs

0
HN/U\N"" 'H“, HN™ “NH
0 o H o 0 > )\ )\
o 0 , :
H” "H f

pKa=4.01 H i

The a-carbon has a reactive hydrogen atamd is quite acidic (pKa =
4.01) even for a diketone species (cf. dimedone with pKa 5.23 and
acetylacetone with pKa 8.95) because of the additional aromatic
stabilization of the carbanion. Using the Knoevenagel condensation
reaction, barbituric acid can formlarge variety of barbiturate drugs.
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The magic property of Barbituric to be... acid!!!

Orbital Energy (eV)
o

-10 4

-12 4

-14 4

16 =

LUM0

BHOMO

C

M SDept. P
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The magic property of Barbituric to be... acid!!!

g

C_anion
Energy =-807.3 kJ/mo

Barbituric acid
Energy = -553.2 kJ/mol
logP=-1.4

N_anion C_anion
HOMO =-6.10 eV HOMO =-5.34 eV

N_anion
Energy =-743.4 kJ/mo
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2. Anxiety and anxiolytic drugs

O @ O
H Rs Rs
H-\ H""-. CH'; ~ '
N H N R, N R,
)‘\ )\ 2N

0~ "N7 Yo 07 N Vo 0™ "N 0
|
H H H

Barbituric acid: pKa 4.12 S,5'-Disubstituted 3,5,5'-Trisubstituted

barbituric acid: pKa 6.5-8 barbituric acid: pKa > 8
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2. Anxiety and anxiolytic drugs

As of 2007, more than 2550 barbiturates and related compounds have bee
synthesised, with 50 to 55 in clinical use around the world at present. The
first to be used in medicine wasarbital (Veronal) starting in 1903, and
the second, phenobarbitone a.k@henobarbital (Luminal) was first
marketed in 1912.

0 O R H
H H N
N N
>:O >:O : =
N H H
. & O

Barbituric acid Barbital Phenoarbital
(not active) (Veronal) (Luminal)
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2. Anxiety and anxiolytic
2.5 Barbiturate: SAR

0
CH ‘)Ii
T H
A
Q .I'&O
I

N-1 Substituted Barbituric acid:
macrive

N-1, N-3 Disubstituted Barbituric acid:
Tractive

0
CH{CH; YCH,CH,CH;

H H
N
N CH,CH, )\
{})\. o o” "o
k H

Disubstituted Barbitnrate: ACTIVE
7 total Cs in 5. 5-side chair:
Increased activity: Branching and unsatuaton
Short-acting
Clrirel: R=5 fn acrivity

!

drugs

H. ?
N7 T—H Two S-substituents required
2l for GABA activity (Rs/Rs)!!!
QO ]?r L ]
H
Barbituric acid: No S-substitwents
Inacrive
[0
H,_ 0 | =
. H
N CHyUH; o CH,CH,
—_—
o oo {))\_ o
|
= H I . CH,
S-Ethvlbarbituric acid:
Inacrive L5-Disubstitnted Bsrbituric acid:
l Tnactive

CH,CH;
CH,CH,

.
D)\_I
H

Dismhstituted Barbiturate: ACTIVE
EthylPhenyl side chain:
Long acting
Achiral

5.5-Diethvibarbiturate:
Feak activity
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2. Anxiety and anxiolytic drugs
2.5 Barbiturate: SAR

CH(CH; (H,(H,(H,
H. .
“N CH,CH=CH,
5)\1. 0
|
H
Dl‘.illll!illll!l’[ﬁl -.n]II:I[la[-]?ll nrale: ACTIVE Tnsugs::l_;l::l Bﬂlﬂj:]l:r:l[e IACTI"L'E 1.3.5.5-Telrasubstituted Barbiturate
T__tra- -acting. Tyl Fhemyl side chat: Inactive (Now-acidic! )
Chiral: R=5 m activity Long_acting

Achiral
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2. Anxiety and anxiolytic drugs

Q o logP = 1.5
N pKa = 7.3
>:o PSADI75 A2
N
3 H on set = 0.51 hour
half life = 53+110 hours
Phenobarbital

5-ethyl-5-phenylpyrimidine-2,4,6(1H,3H,5H)-trione

Phenobarbital or phenobarbitone is a barbiturate, first marketed

Luminal by Friedr. Bayer et comp. It is the most widely us ‘ |
anticonvulsant worldwideand the oldest still commonly used. It also ..
sedative and hypnotic properties but, as with other barbiturates, has

superseded by the benzodiazepines for these indications.
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2. Anxiety and anxiolytic drugs

@)
H
N
@5§> O
N
H
@)
Phenobarbital

Treatment of phenobarbital overdose is supportive, and consists mainly in tinéenaaiceof
airway potency (throughendotracheal intubation and mechanical ventilation), correction of
bradycardia and hypotension (with intravenous fluids and vasopressors, if aigg¢essd removal

of as much drug as possible from the body. Depending on how much time has elapsed sinc
ingestion of the drug, this may be accomplished throgagtric lavage (stomach pumping) or use

of activated charcoal. Hemodialysis is effective in removing phenobarbital from the body, and
may reduce its half-life by up to 90%here is no specific antidote for barbiturate poisoning.
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2. Anxiety and anxiolytic drugs

O
H
O
:
e ool el s o Laawined 20 o O
e e e Phenobarbital

Potassium bromide (KBr) is a salt, widely used as an anticonvulsant and a sedative in the lat
19th and early 20th centuries. Its action is due to the bromide ion (sodium brometpiadly

effective). There would not be a better drug for epilepsy until phenobarbital in.19h2
therapeutic index (ratio of effectiveness to toxicity) is very dnfiat bromide. As with other
antiepileptics, sometimes even therapeutic doses (3 to 5 grams petakiang 6 to 8 weeks to
reach stable levels) may give rise to intoxicatibnofmisnt is caused by a neurotoxic effect on the
brain which results in somnolence, psychosis, seizures and delirium.)
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2. Anxiety and anxiolytic drugs

O\/ 1. EtONa o
o ~
O 2. 0O

)J\ O

EO OFt 1. EtONa
2. /\CI
H @)
@) N @) )L O O\/
\f HoN NH-
NH - O\/
@) O
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2. Anxiety and anxiolytic drugs

O logP = 2.3
H pKa=7.4
>, .Na+ PSADS9 A2
N
S on set = 0.20.5 hour
half life = 3+8 hours
Thiopental

(RS)-[5-ethyl-4,6-dioxo-5-(pentan-2-yl)-1,4,5,6-tetrahydropyrimidin

-2-yl]sulfanide sodium
Sodium thiopental, better known as Sodium Pentothal (a trademat
Abbott Laboratories), is an ultra-short-acting barbiturate and has bed
commonly in the induction phase of general anesthesia. In additi
anesthesia induction, thiopental was historically used to induce m_ ... ..
comas. Thiopental is used intravenously for the purposes of euth@j
Along with pancuronium bromide and potassium chloride, thiopental is usedfs:
in 34 states of the U.S. to execute prisoners by lethal injection. Thiopental i
still used in some places as a truth serum.

M S Confidential and Property of ©2012 Molecular Modelirg Section
M Dept. Pharmaceutical and Pharmacological SciencesUniversity of Padova - Italy

S.MORO - CFTIl 2016/2017




2. Anxiety and anxiolytic drugs

A coma (from the Greek koma, meaningdeep sleepis a profound
state of unconsciousness frormhich a person cannot be awakened.

Induced Coma: a temporary coma is sometimes deliberately induce
(by a controlled dose of a barbiturate drug, usually pentobarbital or
thiopental) to reduce swelling of the brain after injury .
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2. Anxiety and anxiolytic drugs

ST H logP = 3.8
pKa=11.1
—S" Na PSAD20 A?
4 )
O
Thiopental Propofol

2,€-diisopropylphenc

Propofol (marketed a®iprivan by AstraZeneca) is a short-acting, intravenou
administered hypnotic agent. Its uses include the induction and maintena
general anesthesia, sedation for mechanically ventilated adults, andalc
sedation. Propofol is also commonly used in veterinary medicine. Chiyni
propofol is unrelated to barbiturates, and has largely replaced sodium thioj
(Pentothal) for induction of anesthesia because recovery from propofol is
rapid and "clear" when compared with thiopental. Propofol is not considere

analgesic, so opioids such as fentanyl may be combined with propofol tcatdie
pain.
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2. Anxiety and anxiolytic drugs

- o
L] — —
AL CoX-1.2 N
H o N » =N
o / Arachidanic acid

Propofol Pty srarciance

Recent evidence from studies in experimental animals hggestied that three clinically
used drugs, the anaesthetic agampofol and the non-steroidal anti-inflammatory drugs
Indomethacin andflurbiprofen (when given spinally), activateannabinoid receptors
as an important part of their actionA9-Tetrahydrocannabinol (THC), the principal
active ingredient in cannabis, exerts most of its actionth@ébody via effects on two G
protein-coupled receptors, termed cannabinoid CB1 and (eB&ptors. CB1 receptors
are located primarily in the CNS, and among other actionsiaedhe ‘high’ sought by
recreational cannabis users. CB2 receptors are localizeshnune tissues.
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3. Anaesthetics

A. Inhalational anesthetics

F Gl

Halothane Fj—<8
r

F o F

Desflurane FBC)\O/'\F
Cl F
Isoflurane B

F

FsC<_O«__F

Sevoflurane Y

CFy
B. intravenous anaesthetics

Propofol
Thiopental
Midazolam

Ketamine (ketamine is classified as an NMDA receptor antagast)
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Anticonvulsant drugs:

Drugs wsed in

generalized (tonic—clonic)
and partial seizures

carbamazeping
valproate
Fhf”‘._l"f-{:':“
lamotrigine ’,,f"""
topiramate *
- vigabatrin

phencbartital
dabagentin

Liw thresnold

Ca™ ppite
{thalamis reurcnes]

L¥. drugs used in
status spllepticus
|t parm
diazepam
pilg@"t-e,:nin
propotal

thicperital

-'-"-';I'F"'f
Ca*" channsl

tiagating
h_/’g-; GABA
uptake

Drugs usad in
absencas

ethosudiimide
valproats
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5,5-diphenylimidazolidine-2,4-dione

[

|

gction, USP

‘F'll'.l%nﬂnilll;g;;:i!ium

Inj
]

Phenytoin log P = 2.5

Since 1938,Phenytoin is a first-line anticonvulsant drug which can be
useful in the treatment of epilepsy. The primary site of action appeares to b
the motor cortex where spread of seizure activity is inhibidtenytoin is
primarily metabolized by CYP2C9.
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o © >2r> Phenytoin is believed to protect

iy against seizures by causing
fon channel voltage-dependent  block of
voltage-gated sodiunthannels.
o o 0g swandcnan P NENYLOIN produces Its
)\ / cramnelinaciiated - @NLICONVUISANt  activity through
Resting

blocking sustained high
frequency repetitive firing of
action potentials.

Channel closed
or gated

Channel open

Neuron
stimulation

Phenytoin binds preferentially to the inactive form of the sodium
channel. Because it takes time for the bound drug to dissociate ftihen
Inactive channel, there is a time dependent block of the channel. Since the
fraction of inactive channels is increased by membrane depolarizatwelhs

as by repetitive firing, the binding to the inactive state by phenytoin sodium
can produce voltage-dependent, use-dependent and time-dependenbfblock
sodiumdependent action potentials
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Anticonvulsant drugs:

N

0~ “NH,

Carbamazepine log P = 2.4

5H-dibenzop,flazepine-5-carboxamide

Carbamazepine (CBZ) (Tegretol) is ananticonvulsant and mood-
stabilizing drug used primarily in the treatment epilepsy and bipolar
disorder, as well as trigeminal neuralgia. Off-label uses, include atenti
deficit hyperactivity disorder (ADHD), schizophrenia, phantdmb
syndrome, complex regional pain syndrome, borderline personality
disorder, and post-traumatic stress disorder.
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Anticonvulsant drugs:
O

HO valparin
90 raklets 4
yalprole A<

500m3d
Valproic acid log P =2.7

2-Propylpentanoic acid
Valproic acid (VPA, valproate), an acidic chemical compound, has
found clinical use as amanticonvulsant and mood-stabilizing drug,
primarily in the treatment oépilepsy, bipolar disorder and prevention
of migraine headachesVPA is a liquid at room temperature, but it can

be reacted with a base such as sodium hydroxide to form the salt sodium
valproate, which is a solid.
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The mechanisnof action of sodiumvalproate is not fully known. Its
anticonvulsant effect is attributed to the blockade of voltage-dependent
sodiumchannels and increased brain levels of gamma-aminobuagre

(GABA). The GABA-ergic effect Is also believed to contribute towards
the anti-manic properties of sodiwalproate.
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2. Depression and antidepressant drugs

Herbal treatments

Certain herbs are reputed to have anxiolytic properties, including
the following:

Rhodiola rosea (Arctic Weed/Golden Root)
Bacopa monnieri (Brahmi)

Hypericumr perforatun (St. John's Wort)
Matricaria recutita (German Chamomile)
Mitragyna speciosa (Kratom)

Nepeta persica (Catnip-Catmint)

Piper methysticum (Kava)

Sceletium tortuosum (Kanna)

Scutellaria spp. (Skullcap)

Valeriana officinalis (Valerian)
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2. Depression and antidepressant drugs

Herbal treatments
Hypericun perforatum(St. John's Wort)

of the members of the plant genus Hyperic
notably Hypericunperforatum(St John’s wort).

CH,

Hyperforin acts as a "reuptake inhibitor"

and Increases the levels of these

neurotransmitters in the brain, which

further Iimproves mood and restore
CH; emotional balance. Hyperforin also inhibits
the reuptake of GABA which is a
neurotransmitter associated with increasing
relaxation and reducing anxiety.
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2. Anxiety and anxiolytic drugs

H
O N O

8-azaspiro[4.5]decane-7,9-dione

Azapirones are a class of 5-HT1A receptor agonists. They lack the smuatnd the
dependence associated with benzodiazepines and causdessaognitive impairment.
They may be less effective than benzodiazepines in patweinéshave been previously
treated with benzodiazepines as they do not provide theiesadaat these patients may
expect or equate with anxiety relief. Currently approvedpaimnes includéuspirone
(Buspar) andtandospirone (Sediel). Gepirone (Ariza, Variza) is also in clinical
development.
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2. Anxiety and anxiolytic drugs

T\ N—=
0 N N— :/>
JJ NEVANRN

OQ

o Buspirone
8-[4-(4-pyrimidin-2-ylpiperazir-1-yl)butyl]-8-azaspiro[4.5]decal-7,S-dione
Buspirone's chemical structure and mechanism of action are
completely unrelated to those of the benzodiazepines, but it purportedly
has an efficacy comparable to that of diazepam (Valium) in treating of
anxiety disorders. The main disadvantage of buspirone is that it ggay
take several weeks before its anxiolytic effects become noticeable. Buspleon ARtionT
Buspirone functions as a serotorirHT1A receptor partial agonistit g “"**
IS this action that is thought to mediate its anxiolytic and antidepresgiant
effects. Additionally, it functions as a dopamine D2, as welbhsan
a2-adrenergic receptor antagonist to a lesser degree, though #ese

properties are generally undesirable in an anxiolytic and likely ofly

contribute to side effects.
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