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1. Pain and Narcotic Analgesics

Pain, the experience of hurting or soreness, is generally classified
iInto four broad categories which are differentiated according to the
source of pain. The categories include:

nociceptive,
iInflammatory,
neuropathic
functional pain.

> W
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1. Pain and Narcotic Analgesics
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1. Pain and Narcotic Analgesics

primary afferent dorsal root

periphery neurons ganglion
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mechanical stimulus
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1. Pain and Narcotic Analgesics

Classification of neuropathic pain

by etiological and anatomical localization

Periphery Spinal Brain
Neuropathies Multiple sclerosis Syringobulbia
Traumatic nerve injury Spinal injuries Stroke

Plexus avulsion

Myelopathies

Multiple sclerosis

Amputation

Ischaemic lesions

Parkinson’s disease

Neuralgia

Syringomyelia

Compression (e.g. cancer)

Chordotomy

HIV infections

Cancer compression

Polyradicultis
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1. Pain and Narcotic Analgesics

DOLORE LIEVE
Mon oppioidi

j 4 EI I' 5 G s eL 10

+ farmaci adiuvanti

Are you in pain?

SoAYAcle ClcAYAccaVYAcc:
— J\— VAV YAYES
3-4 5-6

0 1-2 7-8 9-10
very happy, hurts just hurts a hurts even hurts a hurts as much
no pain a little bit little mare more whole lot as possible
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1. Pain and Narcotic Analgesics
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1. Pain and Narcotic Analgesics

Glutammic acid Substance P
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1. Pain and Narcotic Analgesics

Monoaminergic pathways Nociceptor afferent

—

Norepinephrine Dggamine

Serotonin -
Glutamate
Substance P

Local
inhibitory

_ _ neuron
Spinothalamic

neuron
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1. Pain and Narcotic Analgesics

The Endogenous Opioid system includes a large number of opioid
peptides that are ligands for the different types of opioid receptors.

Opioid peptides that are produced in the body include:

1. Endorphins
2. Enkephalins
3. Dynorphins
4. Endomorphins

Each family derives from a distinct precursor protein and has a
characteristic anatomical distribution. Each precursor is subject to
complex cleavages and post-translational modifications resulting in the
synthesis of multiple active peptides.
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1. Pain and Narcotic Analgesics

1.1 Endogenous Opioid Peptides

Dynorphin A 1-17  Tyr-Gly-Gly-Fhe-Leu-Arg-Arg-lle-Arg-Pro-Lys-Leu-Lys-Trp-Arg-Asn-Gln

v=Endorphin Tyr-Gly-Glv -Phe-Met-Thr-Ser-Glu-Lv -5 er Gln-Thr-Pro-Leu-Val-Thr-Leu

Met-enkephalin Tyr-Lily-Gily -Fhe-het
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1. Pain and Narcotic Analgesics
1.3 Opioid Receptors: pharmacological classificatim

« Three major classes of opioid receptors: Mu (m, MOR), Delta (d,
DOR), and Kappa (k, KOR)

« They are all G protein-coupled and show significant amino acid
seguence similarities.

Opioid receptors

N(I)F‘
| |
1 M — 04 i K i Ko Ka
H Mo — 0z —  Kia | Kz
= U3 - Kb | Ky

e Dietis N et al. Br. J. Anaesth. 2011;107:8-18
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o Opioid agonist
G-protein activation

e Receptor
phosphorylation

. | O Recycling
Arrestin ’ @

B'Y l recruitment

\ IMAPK\ €D internalization
D

Signaling

ERK] (B3] (onk

Dietis N et al. Br. J. Anaesth. 2011;107:8-18
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1. Pain and Narcotic Analgesics
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1. Pain and Narcotic Analgesics

1.3 Opioid receptors distribution and site effects

Extrocoliuia

o [plopitd gl l-opiold  Kappa i
recepio eCepiol Wfaduﬁlﬂd-d

Opioid use carries several side effects.
These include drowsiness, nausea, slower
breathing, and a general depression of the
respiratory system. Further, opioids
often cause constipation, or opioid -
induced constipation (OIC). OIC is an
uncomfortable side-effect that occurs in
many patients who receive opioid
treatments to relieve pain.
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1. Pain and Narcotic Analgesics

(1) Analgesia, euphoriant, respiratory depressant, and physical
dependence properties of morphine result principally from
actions at mu receptors (MOR). Stimulation of mu ;-receptors
blocks pain while stimulation of mu ,-receptor causes
respiratory depression and constipation .

(2) Most of the currently available opioid analgesics act primarily
at the mu receptor.

(3) Delta and kappa receptors can also contribute to analgesia.
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1. Pain and Narcotic Analgesics

1.3 Opioid Receptors: control of ventilation

Other receptors (e.g., pain)
and emotional stimuli acting
through the hypothalamus

Peripheral
chemoreceptors

0z COz t,H*¢

Central
chemoreceptors
€Oy t.H" }

Receptors in
4 muscles and joints

Higher brain centers
(cerebral cortex—voluntary
control over breathing)

Respiratory centers
(medulia and pons)

internal intercostal —
muscles (involved in
expiration)

'\ External intercostal

muscles (involved
in inspiration)

Diaphragm
(involved in inspiration)

Pontine respiratory

Medul-

lary
- respira-

center
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1. Pain and Narcotic Analgesics

1.3 Opioid Receptors: cellular actions

Afferent

foreed .
) @---«@

_ATP "
P -:AMPE [caz i

c.az

— NMDA.
~ Dorsal
hon %
[-:az*lT
Hyper
_ polarisation
No
nociception

Opioids act at two sites:

1. They reduce pain signal transmission by
activation pre-synaptic opioid receptors. This
leads to reduced intracellular cAMP
concentration, decreased calcium ion influx
and thus inhibits the release of excitatory
neurotransmitters (glutamate, substance P).

2. At the post-synaptic level, opioid-
receptor binding evokes a
hyperpolarisation of the  neuronal
membrane which decreases probability of
the generation of an action potential.

M
M
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1. Pain and Narcotic Analgesics

(1) Tolerance : with frequently repeated administration of
therapeutic doses of morphine or its surrogates, there is a
gradual loss In effectiveness. To reproduce the original
response, a larger dose must be administered.

(2) Physical dependence : when the drug is stopped or an
antagonist is administered, a characteristic withdrawal or

abstinence syndrome occurs.
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1. Pain and Narcotic Analgesics

; nerve terminals
"= dopamine _in nucleus accumbens .

GABA
== heroin

e morphine

nerve terminals
- in nucleus accumbens

GABA receptor \ N »— \

** GABA receptor
delta (J) or & - : delta (8) or

kappa (k) opiate receptor . Ta kappa (k) opiate receptor
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1. Pain and Narcotic Analgesics

Opium is the dried latex obtained frompium
poppie: (Papaver somniferum

Raw opium contains approximately 25 differe

alkaloids by weight dependin on the variety.

The chief alkaloids are Morphine (4-21%)#F %

Codeine (0.8-2.5%), Thebaine (0.5-20

Papaverine (0.5-2.5%), Noscapine (4-8%LSn T "

Meconic Acid (3-5%). s
Papaver somniferum

Morphine was the first pharmaceutical isolated from a natural product by 182(phihersale
began in 1827, by Heinrich Emanuel Merck of Darmstadt, and helped him exparfdnhiis
pharmacy into the Merck KGaA pharmaceutical company.
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1. Pain and Narcotic Analgesics

Opiates.

alkaloids derived from the opium poppy
(Morphine, Codeine, Thebaine...)

Opioids:
Opiatesplus
Semi Synthetics — derived from the
alkaloids like Thebaine (Hydrocodone,
Oxycodone, Heroin..)
Synthetics: Fentanyl, Methadone...
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1. Pain and Narcotic Analgesics

(50.,60)-7,8-didehydro-
4,5-epoxy-17-methylmorphinan-3,6-diol
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1. Pain and Narcotic Analgesics

Morphinan T-shape
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1. Pain and Narcotic Analgesics

AH. .. = 11. 8 kcal/mol AHq,, = 16. 2 kcal/mol

Can you remember this equilibrium, please?
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1. Pain and Narcotic Analgesics

(5a,6a)-7,8-didehydro-
4,5-epoxy-17-methylmorphinan-3,6-diol
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1. Pain and Narcotic Analgesics

No activity!!!
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1. Pain and Narcotic Analgesics

No activity...
at least at SNCI!!!
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1. Pain and Narcotic Analgesics

“TTHO

Morfina

Met-encefalina
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1. Pain and Narcotic Analgesics

Morphine presents difficulty in
gaining access to the brain appears to
be greatest with amphorteric agents
(le., drugs possessing both acidic [a
phenolic hydroxyl at C3] and basic
group: [the N17 amine]. Heroir anc
codeine traverse the B. B. B. more
readily.

logP = 0.8

(5¢,6a)-7,8-didehydro-
4,5-epoxy-17-methylmorphinan-3,6-diol
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1. Pain and Narcotic Analgesics

1.4 Morphine: formulations... as sulfate!

Morphine
Sulfate
30mg

{Genaric Tablots)

| fhsik raad

'HESO4*5H30
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1. Pain and Narcotic Analgesics

Morphine

Morphine
petshere

enpheral Nerve

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

S.MORO - CFTIl 2017/2018




1. Pain and Narcotic Analgesics

It has been unequivocally shown that human neuroblastoma cells are
able to synthesize morphine.

The metabolic route starting from L-tyrosine involving at least 19 chemical
steps shares remarkable similarities with the morphine biosynthesis in opium
POPPY.

In the future, the identification of the respective genes and enzymes in
humans and animals will provide information on the evolution of this pathway
in the animal kingdom. The function of endogenous morphine is still a matter
of discussion. In contrast to plants, where morphine is a highly specific
secondary metabolite providing protection against herbivores, presumptions
indicate that morphine in animals and humans may play a role as a general
regulator and/or transmitter. Once these functions are identified, the genes
and enzymes of morphine biosynthesis may become attractive targets for the
modulation of pain, immune response, cell death, and behavioural

phenomena.

Boettcher C et al. PNAS 2005;102:8495-8500
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1. Pain and Narcotic Analgesics
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1. Pain and Narcotic Analgesics

Codeine or methylmorphine, is a
natural alkaloid found in opiunpoppy.
Codeine was first isolated in 1832 in
France by Pierre Robiguet, a French
chemis anc pharmacis alread\ famou:
for the discovery ofalizarin, the most
widespread red dye, while working on
refined morphine extraction processes.
Codeine is currently the most widely
used opiate in the world, and probably

Codeine h : | i “
(50,60)-7,8-didehydro-4,5-epoxy-3-methoxy 1€ MOStcommonly used drug overall.

-17-methylmorphinan-6-ol
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1. Pain and Narcotic Analgesics

Codeine is partial agonist for mu and
delta opioid receptors.

It Is one of the most effective orally-
administered opioid analgesics and has a
wide safety margin. Its strength ranges
from 8 to 12 percent of morphine in
mos people. Codein¢ is considere a
prodrug, since it is metabolisad vivo

to the primary active compounds

3 4 \ morphine (5-10%) and codeine-6-
CH,0 O OH glucuronide (170%).
Codeine
(5a,6a)-7,8-didehydro-4,5-epoxy-3-methoxy |ogP =12

-17-methylmorphinan-6-ol
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Nor-codeine

N-H

”

CH, P4503A4
/

CH,0 0 OH

,P450 2D6
H-O

Morphine
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1. Pain and Narcotic Analgesics

1.5 Codeine... and its metabolism!

——

Liver cell

Gy The metabolism rate is approximately 30
mg of codeine in an hour and about 90%
of the drug will be excreted from the body

within a day. In_mosli people only about
10% of codeine is transformed into
morphine.

Codein
glucura
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1. Pain and Narcotic Analgesics

1.5 Codeine: formulations.

Codeine in conjunction with anti-nausea medication prdwazne in the
form of the syrup has become one of the most abused codeine
preparations. Although there are various forms of this gyrarying in
strengths, the “purple” version is highly publicized andtie most
sought after. In this form, 60 mg of codeine per liquid ounseused
which makes it the strongest of the codeine syrups. Thispgleudrank”

is frequently referenced and praised in the southern rapHmgton-
based hip-hop community where it is mixed with the soft difgkite.
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1. Pain and Narcotic Analgesics

Codeine for acute cough in children

QUESTION Owing to Health Canada’s recent recommendations to aveidse
of over-the-counter cough and cold medications in prescikbodren, | was
looking at other antitussive medications for acute couglmdéne was
recommended in the past for this indication. What is the ewveg for its useanc
how effective anc safeis it?

ANSWER Cough is one of the most common symptoms in children, and the
opioid codeine has known antitussive qualities mediatedalmentral nervous
system pathway. However, current evidence finds codeine to be no more
effective than placebo for acute cough in children. Its safety profile and recent
advances In understanding codeine’s variable effects®neprohibit
recommending codeine for cough in children.

Goldman, RD "Codeine for acute cough in children".Canadian Family Physician 56 (12): 1293—-4 (2010).
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1.5 Codeine in combination with...

Codeine is marketed as both a single-ingredient drug andombaation
preparation with Paracetamol| with Aspirin; with Ibuprofen or Naproxen or
Diclofenac or Indomethacin. These combinations provide greater paglief
than either agent alondrug synergy.

Ve e
LERTUS FORTE

DICLOFENACO SODICO
CODEINA FOSFATO

TACHIDOL®
500 mg/30 mg
granulato effervescente

PARACETAMOLO [ CODEINA FOSFATO
llllllll
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1. Pain and Narcotic Analgesics

Heroin, or diacetylmorphine, also known as
diamorphine, is a semi-synthetic opioid drug
synthesized from morphine.

The German drug company Bayer named its new
over the counter drug "Heroin" in 1895. The
name was derived from the German word
"heroischi (heroic) due to its perceived "heroic"
effects upor a use. Howeve it was chiefly
developed as a morphine substitute for cough
suppressants that did not have morphine's
addictive side-effects; morphine at the time was a
popular recreational drug so Bayer wanted to find
a similar but non-addictive substitute to market.
However, contrary to Bayer's advertising as a
Heroin O "non-addictive morphine substitute," heroin
(50,60)-7,8-didehydro- 4,5-epoxy- would soon have one of the highest rates of
dependence amongst its users

17-methylmorphinan- 3,6-diol diacetate

logP = 1.6
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1. Pain and Narcotic Analgesics

1.5 Heroin

Heroin was originally marketed as a cough suppressant in 1898. 4t atathe time,
believed to be a non-addictive alternative to other optatetaining cough syrups. This
was quickly realized to be not true as heroin readily breakgndinto morphine in the
body. Morphine was already known to be addictive,.
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6-MAM

Since 6-MAM is a unique metabolite
to heroin, its presence in the urine
confirms that heroin was the opioid
used.
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1.5 Heroin

w

H_ernin'_

D TW mr.acaine
e
P 2
e
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e
n 17
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e

0

0

Short-term ﬂffﬁﬂlﬁ of
Heroin

Central

- Euphoria

- Alternately alert
and drowsy state

Mouth
- Dryness

Skin

%. - Warm
=
& flushi
‘1 E  flushing
L 1 Respiratory
et | - Slowed
breathing

Muscular
- Weakness

Long-term a.rfac'ts of
Heroin

Central
- Addiction

- Tolerance

- Dependence

Circulatory
- Collapsed veins
Heart
- Infection of heart

lining and valves

Respiratory
- Pneumonia

Liver
- Decreased
function

Systemic
- Abscesses
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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

stimulation of F i
pupillary dilater /

Sympathetic
(adrenergic) effect

Parasympathetic H-C
{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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1. Pain and Narcotic Analgesics

3,6-dihydroxy- (&,6a)- 4,5-epoxy-
17-methylmorphinan

Dinydromorphine is a semi-synthetic
opioid invented in Germany in 1900. In
structure, it is very similar to morphine,
the only difference being the reduction of
the double bond between positions 7 and
8 In morphine to a single bonc
Dinydromorphine can be made by several
processes, Including hydrogenating
morphine.

Dihydromorphine is slightly stronger than
morphine as an analgesic with a similar
side-effect profile.

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

S.MORO - CFTIl 2017/2018




1. Pain and Narcotic Analgesics

4.6 A
Morphine Dihydromorphine
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1. Pain and Narcotic Analgesics

CH

N\
N

O CH,0 O O

Hydromorphone Hydrocodone (Vicodin ®)
(7X active than morphine) (10X active than morphine)
logP = 0.9 logP =1.2
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IVIICODIN Oxycodone is one of the drugs commonly associated
B with overdose deaths in relation to prescription drug

o - QR in particular in North America.

w e abuse, in particula ort erica

&0

&

(\‘"“- Bl i
...THE BEST BIRTHDAY GIFT OF ALL!
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Morphine (more active than morphine)
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-
[
MeCr =

Oripavine (1, B = Hi
:> Thebaina (2, R = Me)

RO
|

]

=
e
Al

Thebaine Uﬂﬁh

Maloxore (4) Maltrexone (5)
Thebaineis not used therapeutically, but as the main alkaloid extracted Rapaver bracteatum

(Iranian poppy), it can be converted industrially into a variety of compoundigdimg Oxycodone
Oxymorphone, Nalbuphine, Naloxone Naltrexone, Buprenorphine andEtorphine.
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CH

W \\\“
HO 0" CH,0 O
Oxycodone
Oxymorphone (active as morphine)

(8X active than morphine) Unlike morphine (the effect of which is

mediated byu-opioid receptors)acts on k-
opioid receptors.
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N
2y
O
C

“OH

—)

Thebaine Buprenorphine

\

HO O

Buprenorphine is a derivative of the opioid alkaloid thebaine that is a more potent (25 — 4%}im
and longer lasting analgesic than morphine. It appears to acpagial agonist at mu andkapp:
opioid receptors and as an antagonist at delta receptors. The lack of deltatagtnity hasbeer
suggested to account for the observation that buprenorphine tolerance may not deitklop

chronic use.
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1.9 Buprenorphine: formulations.

20mcg/h

sublingual Transdermal patches
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Morphine Nalorphine

(50,60)-17-allyl- 7,8-didehydro- 4,5-
epoxymorphinan- 3,6-diol

mu-antagonist
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CH
/ 3
N N
o or
HO o HO o O
Oxymorphone Naloxone

Naloxone is a drug used to counter the effects of opioid overdose, for example
heroin or morphine overdose. Naloxone is specifically used to counteract life-
threatening depression of the central nervous system and respiratory system. It
IS marketed under various trademarks including Narcan®.
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2.0 Naloxone: overdose awareness
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Agonist Antagonist
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1. Pain and Narcotic Analgesics

Why should small changes in structure (e.g. Amethyl to

N-allyl) change an agonist to an antagonist at a specific
receptor?

It has been proposed that opioid receptors have
additional hydrophobic binding regions which lead to
agonist or antagonist activity:
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Antagonists... as peripheral therapeutic agents?

CNS D;:u iaid
Opioids bind to central Opioids continue

Endogenous opioids
Met-enkephalin, leu-enkephalin,
B-endorphin, and dynorphin
(localised in neurons of myenteric
and submucosal plexus, and in
endacrine cells of mucosa)

Exogenous opioids
(eg, morphine and codeine)

ioi b Mo reversal of analgesia
-opioid receptars to et g
;rnside analgisia / | II & ::::;:EI:SEP PR ¥ No causation of opioid withdrawal
— p-opioid e,
H-Op \ D

receptor

Peripheral opioid antagonists
dﬂ not cross blood<brain barrier

Opioid

e @
t“"7‘"“"F'e_r|.J"|:Er 1l /
e 4 oploid ant agonist
@ - /d
& - Mo adverse
. g > gastrointestinal effects
Gastrointestinal tract —— p-opioid h

Opioids bind to peripheral receptor
p-opioid receptars, which Peripheral opioid antagonists dislodge opioid
inhibits bowel function from p-opioid receptars in gastrointestinal tract

M
M
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H-Bond
Q Hydrophobic

O

Ionic

O ‘ Antagonist hydrophobic region

9

Agonist hydrophobic region
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Morphine incapable of reaching either of the extra hydrophobic regions
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Pure agonist with enhanced activity
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antagonis'
region

agonist
region

* Aromatic ring pushed beyond antagonist region
*Correct distance to bind to agonist region
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antagonis'
region

agonist
region

* Allyl group binds well to the antagonist region
* Allyl group forms a weak interaction with the agonist region
* Antagonist with weak agonist properties
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Pure antagonist

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

S.MORO - CFTIl 2017/2018




1. Pain and Narcotic Analgesics

Removal of OH reduces acnvity

-CH.CHAPh increases
N-CH,CH=CH, creates antagonist

Removal increases activity

Introduction of OH increases activity

Oxidanon, coupled with reduction of 7.8 C=C, increases activity
Acetvlanon increases activity

Reduction increases acnvity
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Full Agonist
(Methadone)

Opioid Effect

Partial Agonist
(Buprenorphine)

Antagonist
(Naloxone)

Log Dose
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4 rings
(morphynan)
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1. Pain and Narcotic Analgesics

CH Levorphanol is an opioid medication used
N to treat severe pain.
Levorphanol has the same properties as
morphine with respect to the potential for
habituation, tolerance, physical dependence
anc withdrawa syndrom.. It is 4 to 8 times
as potent as morphine and has a longer
HO half-life.

Levorphanol has affinity tou, x, and 6

(-)-17-methylmorphinan-3-ol  opioid receptors.

logP = 3.1
pKa = 9.6
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Dextromethorphan is the dextrorotatory
enantiomer ofLevomethorphan, which is
the methyl ether oLevorphanol, both opioid
analgesics.  Dextromethorphan Is an
antitussive (cougl suppressar druc. It
shows high affinity binding to several regions
of the brain, including the medullary cough
center. It is one of the widely used

antitussives.
(+) 17-methylmorphinan-3-methoxy
logP = 3.6
pKa = 9.7
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Dextrorphan
4
i (+)-17-methylmorphinan-3-ol

CYP2D6
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A 2004 studies conducted by the American Academy of Pediatrics show
that dextromethorphan is NOT superior to a placebo in providing
nocturna sympton relief for childrer with cougl anc sleef difficulty due

to upper respiratory infections.

Paul IM, Yoder KE, Crowell KR, Shaffer ML, McMillan HS, Cads LC, Dilworth DA, Berlin CM (2004). "Effect of
Dextromethorphan, Diphenhydramine, and Placebo on Neat@ough and Sleep Quality for Coughing Children and Their
Parents"Pediatrics114 (1): e85-90.
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/ Levallorphan is a drug of the morphinan
family which is used as an opioid antidote or
antagonist. It acts as @opioid receptor weak

N partial agonist, and as a result, blocks the
effects of stronger agents with greater intrinsic

H activity such as morphine or endogenofts
endorphin.

Levallorphan was formerly widely used in
general anesthesia, mainly to reverse the
respiratory depression produced by the opioid
analgesics and barbiturates which are used for
HO Induction of surgical anaesthesia, although it is
now less common as the newer drug naloxone
(-)-17-allylmorphinan-3-ol tends to be used instead.

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

S.MORO - CFTIl 2017/2018




1. Pain and Narcotic Analgesics

CH CH

=)

HO
HO 4 rings 3 rings

(morphynan) (benzomorphan)
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H,C

/ CH,

CH,

CH,

HO

2-dimethylallyl-5,9-dimethyl-
2'-hydroxybenzomorphan

Pentazocine is a synthetically-prepared
prototypical mixed agonist-antagonist
narcotic (opioid analgesic) drug of the
benzomorphan class of opioids used to treat
mild to moderately severe pain.

It exists in two stereoisomers designated (+)
and (-) that have radically different effects on
opioid receptor. (-)-pentazocin is a kappe
opioid receptor agonist; (+)-pentazocine is a
non-opioid sigma receptor agonist but is not
an agonist at the kappa receptor. The (+)-
pentazocine stereoisomer partially blocks the
analgesic effects of morphine ostensibly at
the mu receptor.

The kappa receptor agonism of the (-) isomer
IS analgesic.
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H.C

3

10 x 1ml Ampoules.

Pentazogon Inj.
(Pentazocine B.P.)

o 1
A !;rml.-.. LV.0r $.C. use M

HO

logP = 4.6
pKa = 8.9
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CH, CH

=)

HO HO
3 rings 2 1rings
(benzomorphan) (phenylpiperidine)
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( 3
O
CH, o X
N
N
|
:> Meperidina PEPAF

0 O
N H© N CH,
PhenylPiPeridines (PPPs) L o

Alphaprodine Betaprodine

1-2x% potency of morphine 5-9% potency of morphine

Prodine
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0 Fentanyl is a synthetic primaryp-
Q_\; >_/ opioid agonist and a potent narcotic
Q analgesic with a rapid onset and short

duration of action. Fentanyl s

approximately 100 times more

potent than morphine.

Fentany wazs first synthesize by Pau

Janssen under the label of his
relatively newly formed Janssen
Pharmaceutica in 1959.

logP =4.1

N-(1-(2-phenylethyl)-4-piperidinyl)
-N-phenyl-propanamide
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Fentanyl

NanHL
ANPP
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2.6 Fentanyl: formulations.

&3 Z mL  NOCT 0074-0093°53

FENTANYL Citrate

Injection, USP
100 mcg Fentanyl/2 mL

Sublingual spray Transdermal patches
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N_"L

N, /
N 0
NS
Alfentany!l (Nmﬁ% u: >(N :
k I“L:I

s
Remifentany! — A o
C%_\“—N —
ﬁi”ﬁ*u’
O
Sufentanyl 4 y
| o= /9
3 N\\_/“\ —
Ny
R
/4
! O
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Carfentanil is an analogue of the

Q
@—\; ) popular synthetic opioid analgesic
O fentanyl, and is one of the most potent
;C‘@ opioids known (also the most potent
O

opioid used commercially).
Carfentanil was discovered in 1976 by
Jansse Pharmaceuticc. It has a
guantitative potency approximately
10,000 times that of morphine and 100
times that of fentanyl. It is marketed
under the trade name Wildnil as a
tranquilizer for large animals.

logP =4.0

4-((1-oxopropyl)-phenylamino)- 1-(2-phenylethyl)-
4-piperidinecarboxylic acid methyl ester
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T
O

—O0
(1R.2R)-tramadol (1S,2S)-tramadol
logP = 2.4
pKa=94

Tramadol, a centrally-acting analgesic, exists as a
racemic mixture of thdrans isomer, with important
differences in binding, activity, and metabolism
associated with the two enantiomers. Although its
mode of action is not completely understood, from
animal tests, at least two complementary mechanisms
appear applicable: binding of parent and M1l
metabolite tou-opioid receptors and weak inhibition
of reuptak: of norepinephrin anc serotonii. Opioid
activity is due to both low affinity binding of the
parent compound and higher affinity binding of the O-
demethylated metabolite M1 to-opioid receptors. In
animal models, M1 is up to 6 times more potent than
tramadol in producing analgesia and 200 times more
potent inu-opioid binding. Opiate antagonist naloxone
only partially antagonized tramadol-induced analgesia.

(+)-trans-2-(Dimethylaminomethyl)-1-(m-methoxypHh@yclohexanol
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CH,N(CH)),

Hepatic. The major metabolic pathways w.,
appear to be N- and O- demethylation and

glucuronidation or sulfation in the liver. ard T

One metabolite (O-desmethyltramadol, fw’;v/ \“ﬁ-ﬁfm

4 NHCH;

H,
.
.

animal models. CYP3A4 and CYP2B
facilitates the biotransformatio of tramadc

OH

denoted M1) is pharmacologically active in ,,_‘I?-uzw.».-

CH.0

to N-desmethyl-tramadol. CYP2D N “"‘"‘?w*m cve }/ \
facilitates the biotransformation of tramad HAAHCHS g
to O-desmethyl-tramadol. Q b

Binding Affinities at MOR ( M) 3 " /

(1R,2R)-Tramadol: 51 cw -

(1S,29-Tramadol: 120 p;;; T e

(1R,2R)-Nortramadol: 0,02
(1S,29-Nortramadol: 1,8
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2.8 Tramadol: formulations

/
100 Deuble Scored Tablets

Tramadol 100

Each tablet contains:
Tramadol HCL 100 mg

e

G

gETRETY
HHHED
e
Zig@id

o
s sEL
=28 & 32
== =

=
‘
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OH
N
Cl
/ symptoms
'\ congols 2
© logP =5.5

4-[4-(4-Chlorophenyl)-4-hydroxypiperidin-1-yNLN-dimethyl-2,2-diphenylbutanamide
Loperamide is an opioid receptor agonist and acts on the mu opioid recemh the
myenteric plexusarge intestinesit does NOT affect the central nervous systentike

other opioids. It works specifically by decreasing the activity of the migrc plexus
which decreases the motility of the circular and longitadlismooth muscles of the

intestinal wall.
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intra 1-4 hydrogen bond
boat conformation selection

Loperamide is one of the long-acting synthetentidiarrheals; it is not significantly
absorbed from the gut, and has no effect on the adrenergiensysr central nervous
system. In fact, Loperamide is substrate of P-glycoprotein (P-gp) therefore the
concentration of Loperamide will increase when given witR-&lycoprotein inhibitor.
Common P-Glycoprotein inhibitors includgquinidine ritonavir, and ketoconazole
among others. Loperamide is also capable of decreasingatheentration of other P-
Glycoprotein substrates. As an example, wbaguinavirconcentrations can decrease by
half when given with loperamide.
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ouT

| | — @ MEMBRANE
: A

IN

P-gp is extensively distributed and expressed inititestinal epitheliunwhere it pumps
xenobiotics (such as toxins or drugs) back into the intakturmen, inliver cellswhereit
pumps them into bile ducts, in the cells of theoximal tubule of the kidnewhere it
pumps them into urine-conducting ducts, and in¢bpillary endothelial cell€omposing
the blood—brain barrier antllood-testis barrier where it pumps them back into the

capillaries
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| |l

Opioid Receptor Agonist Dopamine D2 Receptor
Inverse Agonist
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| Methadoneis a synthetic opioid, used medically
0 ™~ as an analgesic, antitussive aadmaintenance

anti-addictive for use in patients on opioids It
was developed in Germany in 1937. Methadone
Is a full p-opioid agonist. Although chemically

O O unlike morphine or heroin, methadone also acts
on the opioid receptor anc thus produce many

of the same effects. Methadone is also used in

managing chronic pain owing to its long duration

of action and very low cost.

There are two methadone isomers. The racemic

mixture IS more common as it is cheaper to
produce

logP = 3.9

pKa = 8.9
(RS)-6-(Dimethylamino)-4,4-diphenylheptan-3-one
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3.0 Methadone: formulations

Oral solution
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EHJ

CN

gdiphenyl-
acetonitrile

+ H3C™ MgBr

aethylmagnesium

bromide

H,0
e

CHy

Z=-dimethylaming-

1 =methylethyl
chicride

HiC ©

{+)=-Methodone

H3C,

N—CH
@\ﬁ‘:”s 1

Mﬂ@

4-dimethylaming -
2,2-diphenyl-
valaronitrile (I)

(+)—tartaric acid

>

H3C,
N—CH,

.

CHs
HoC O

(=)=-Mathodone
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Equianalgesia
(morphine)
Analgesic Strength Equivalent dose Bioavailability Half-life of active metabolites
{relative) {10 mg} {hours)
Aspirin (non-opioid) 1/350 no equivalent dose total 3.1-9
Diflunisal (WSAID, non-opicid) 1/1@5 1600 mg 50-90% 812
Acetaminaphen IV (non-opioid) ™ 1/25 250 mg 100%
Dextrnprupnxyphenew: 1/13 to 1f’20 130-200 mg
Codeine Y 100 mg =90% 2.5-3 (C6G 1.94:" morphine 2-3)
Tramadol Y 100 mg 68-72% 5 57 (=g)iclanticstion nesded]
Dihydrocodeine [ 50 mg 20% 4
Tapentadol Y 100 mg 95%
Anileridinel % v, 40 mg
Alphaprodine 1/4—1/5 40-60 mg
Pethidine (meperidine hydrochloride) 1f3 28 mg 50-60% 3-5
Hydrocodone 1 10 mg =B80% 3.8-6
Metopon 1 10 mg
Pentazocine lactate (IV) [ 1 10 mg (6.7-13.3 mg)
Morphine (oral) (1) {10 mqg) =26%
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Equianalgesia

{(morphine)

Analgesic Strength Equivalent dose Bioavailability Half-life of active metabolites
(relative) {10 mg) {hours}
IMorphine (oral) (1) (10 mg) =26%
Oxycodone 156-210 5 0-6.7 mg Z87% 4.4
Morphine (IV/IM) 3 3.33mg 100% 2-3mg
Clonitazene 3 3.33mg
Methadone (acute) ['=1"! 34 2.5-3.33 mg 40-90% 15-60
Diamorphine (Herain; VM) 4-5 2-25mg 100% <0.6
Hydrnmnrphnne[ﬁ': b 2 mg 30-35% 2-3
Oxymorphone 7 1.4 mg 10% 7.25-9.43
Methadone (chronic) [ 75 1.35 mg 40-90% 15-60
Levorphanol''®’ 8 1.3 mg 70% 11-16
{-Hydroxymitragynine 17 =6 mg
Buprenorphing[fli@=ad fimk] 40 0.25 mg 35-40% (sublingual) 20-70, mean 37
Fentanyl 50-100 0.1-0.2 mg 33% (oral); 92% (transdermal) 0.04 (IV); 7 {transdermal)
Sufentanil 500-1,000 10-20 pg 44
Bromadal ("= 1 504 =20 ug
Etorphine "= "] 1,000-3,000 3.3-10 pg
Etonitazene 2,000 5.0 pg
Dihydroetorphine [e== " 1,000-12,000 20-40 pg
Carfentanil ["=*== "% 10,000-100.000 0.1-1.0 pg 77
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Table 31-1. Common opioid analgesics.

Approximate Duration of
Product Dose Oral:Parenteral Analgesia Maximum Addiction/Abuse

Generic Name Name (mg) Potency Ratio (hours) Efficacy Liability
Morphine 10 Low 4-5 High High
Hydromorphone Dilaudid 1.5 Low 4-5 High High
Oxymorphone Numorphan 1.5 Low 3—4 High High
Methadone Dolophine 10 High 4-6 High High
Meperidine Demerol 60-100 Medium 2-4 High High
Fentanyl Sublimaze 0.1 Parenteral only 1-1.56 High High
Sufentanil Sufenta 0.02 Parenteral only 1-1.5 High High
Alfentanil Alfenta Titrated Parenteral only 0.25-0.75 High High
Levorphanol Levo- 2-3 High 4-5 High High

Dromoran

Codeine 30-607 High 3—4 Low Medium
Oxycodone' Percodan 4,52 Medium 34 Moderate Medium
Dihydrocodeine! Drocode 162 Medium 34 Moderate Medium
Propoxyphene Darvon 60—120? Oral only 4-5 Very low Low
Pentazocine Talwin 30-50? Medium 34 Moderate Low
Nalbuphine Nubain 10 Parenteral only 3—-6 High Low
Buprenorphine Buprenex 0.3 Parenteral only 4-8 High Low
Butorphanol Stadol 2 Parenteral only 34 High Low

Available in tablets containing aspirin, etc.

2Analgesic efficacy at this dose not equivalent to 10 mg of morphine. See text for explanation.
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1. Pain and Narcotic Analgesics

The mechanism of action of heroin at the delta (6) and kappa (x) opiate
receptors

Heroir modifies the action of dopamine in the nucleus accumbens and the
ventra tegemental area of the brain — these areas foan of the brain’s
‘rewarc pathway’. Once crossing the blood-brain barrier, heroin is
converter to morphine, which acts as a weak agonist at the delta and
kapp: opioid receptor subtype. This bindinc inhibits the releas of
GABA from the nerve terminal, reducing the inhibitory effect of GABA
on dopaminergic neurons. The Iincreased activation of dopaminergic
neuron and the release of dopamine into the synaptic cleft results Iin
activatior of the post-synaptic membrane. Continued activation of the
dopaminergi reward pathway leads to the feelings of euphoria and the
‘high’ associated with heroin use. Morphine is a powerful agonist at the
opioid mu receptor subtype and activation of these receptors has a stron
activating effect on the dopaminergic reward pathway.
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