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Abstract

The fundamental physicochemical features of drugs acting on the central nervous system (CNS) determine their ability to
penetrate the blood-brain barrier (BBB) and be active against the CNS activities. In this paper, we study two well-known groups
of drugs used or prescribed by physicists to treat CNS disorders. One group of drugs belongs to pain killers (the Molecules
of Mercy), and the other group belongs to the mind-changers (the Molecules of Mysticism). These two groups of CNS drugs
differ in a number of physicochemical parameters: molecular weight, lipophilicity, hydrogen bound acceptor count, hydrogen
bond donor count, polar surface area, polarizability, flexibility, bioavailability, and their behavior (agreement or disagree-
ment) related to specific structural conditions, in particular the Lipinski’s rule, Ghose filter, Veber’s rule, Multi-Drug Data
Report (MDDR) criteria. In the study of 41 well-known drugs that affect the CNS (both approved or illegal), it has been found
that painkillers that do not cause addiction have a physicochemical profile other than those of mind-changer drugs that are
very often addictive.

The features of physicochemical parameters associated with the profiles of “pain killer” and “mind-changer” drugs are dis-
cussed.
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BanaHcyBaHHA ¢i3UKO-XiMIYHMX BAACTUBOCTEN MiXK MONEKY/laMKU munocepas

(HeagUKTMBHMMM NpenapaTamm) i MoneKynamu micTULU3My (4acTo aAMKTUBHUMU NpenapaTtamm)
AHoTauinA

dyHaameHTanbHi GisMKO-XiMiYHI XapaKTEPUCTUKM NiKapCbKMX 3acobiB, LLLO Ait0Tb Ha LeHTpasbHy HepBoBy cuctemy (LIHC), Bu-
3HaYaloTb iIXHIO 34aTHICTb NPOHUKATK Yepes remaToeHuedaniyHmii 6ap’ep (FEB) i npoaBaaTK akTMBHICTL Woao LHC. Y uiit po-
60Ti gocnigxeHo ABi BiZoMmi rpynu npenapartis, AKi 3aCTOCOBYIOTb A1 /liKyBaHHA po3nagis LIHC. MNeplwa rpyna HanexXuTb o
aHaNbreTUKIB (MoNeKyIn Muaocepan), a gpyra — A0 NCUXOAKTUBHUX PEYOBUH (MoneKyan mictuumsmy). Ui agi rpynu nikap-
CbKWX 3aC06iB BiAPI3HAIOTLCA 33 AeAKUMU Bi3UKO-XIMIYHMMM NapameTpamm: MONEKYIAPHOK Macoto, NiNoQiNbHICTIO, Kifb-
KiCTIO aKLLenTopiB i 4OHOPIB BOAHEBOrO 3B’A3KY, NJIOLLEH NONAAPHOT NOBEPXHI, NONAPU30BAHICTIO, K THYUKICTIO», BioAoCTynHic-
THO, @ TAKOXK 3a BigNoOBiAHICTIO abo HEBiANOBIAHICTIO NEBHMM CTPYKTYPHUM KPUTEPIAM, 30Kpema npasuy JliniHcbKi, Gpinbtpy
foy3a, npasuny Bebepa Ta Kputepism Multi-Drug Data Report (MDDR). Y xoai aocniaskeHHa 41 nobpe BigoMoro nikapcbKoro
3acoby, Wwo BnamBatoTb Ha LLHC (K 3aTBepAKEHMX, TaK i HeneranbHux), 6y10 BUABAEHO, L0 aHAbIETUKM, AKi HE BUKIMKAIOTb
3a/1eXKHOCTI, MatoTb Pi3UKO-XiMiYHMI Npodinb, BigMiHHMI Big, NPodiNto NCUXOAKTUBHMUX PEYOBMH, AKi YaCTO € aANKTUBHUMMU.
Y cTatTi po3rnsHyTo 0cobanBOCTI Pi3NKO-XiMiYHUX NapameTpiB, NOB’A3aHi 3 NpodinAMM «aHaNbreTUYHMX NpenapaTie» Ta
«MNCUXOAKTUBHUX NpenapaTisy.

Kmrovoei cnoea: po3pobka npenapartis ana LIHC; aHanbreTrkum; NCMX0akTUBHI Npenapaty; GisvKo-XimiuHi BaCTUBOCTI; TepaneBTUYHI
npenapatu
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B Introduction

At all times, throughout his evolution and de-
velopment, man has sought to protect himself
against pain, whether physical or psychological.
At first, he was looking for plants or natural com-
pounds for this purpose. Then, taking care of the
health and well-being, a person was seeking for
new flavors, new tastes, new antibacterial drugs
and new hormone regulators. Throughout this
time, man has been creating a pharmacopoeia
that contains several thousand molecules with
a wide variety of chemical structures. Some of
these molecules are of natural origin, while most
of them are obtained as a result of chemical syn-
thesis. Today, in order to cure specific patholo-
gies or disorders, medical professionals have to
make difficult choices between thousands of pos-
sible therapeutic molecules.

In their book, “Organic Molecules in Action”
(1973), Murray Goodman and Frank Morehouse
[1] have proposed to classify the pharmacopeial
constitutive molecules into several classes of com-
pounds, which represent millions of combinations
between carbon, hydrogen, oxygen, sulfur, and
other atoms upon which life itself is based:

* the Molecules of the code of life (nucleic acid
and proteins);

+ the Giant molecules (polymers);

* the Molecules of Mercy (pain killers or pain
relievers);

* the Molecules of Mysticism (mind-changers);

* the Molecules of Might (germ killers);

* the Molecules of the steroid family (hormo-
nal modulators);

* the Molecules of Growth and Health (vitamins);

* the Molecules of Senses (taste, odor, attrac-
tion).

Among these different classes of molecules,
the Molecules of Mercy (pain relievers or pain kil-
lers) and the Molecules of Mysticism appeared
of particular interest since both classes act at
the Central Nervous System level (CNS), which
requires crossing the blood-brain barrier (BBB).

This article will focus on these two groups of
drugs, emphasizing their physicochemical prop-
erties that enable them to act as pain killers or
as mind changers. From medicinal and chemical
perspectives, the ability to design efficient pain
reliever drugs in reducing their psychedelic side
effect (mind changers) could be of high interest.

B Materials and methods

The drugs included in this study are appro-
ved by the Food and Drug Administration (FDA)
or have received approval from the European Me-
dicines Agency (EMA). Some of these drugs are
approved, others are banned, and some are ob-
solete molecules that have been replaced. How-
ever, all the drugs mentioned in this manuscript
have been tested on patients for their effects on
the CNS and are registered in the DrugBank da-
tabase available at www.drugbank.com. Accord-
ing to literature recommendations, CNS drugs
mentioned in this study are classified into two
groups of drugs — pain killers (drugs of Mercy)
and mind-changers (drugs of Mysticism) [1].

The group of Pain killers (Molecules of Mercy)

Pain killers or pain reliever molecules (Mole-
cules of Mercy) are used to alleviate the common
human aches and pains. Their action is often me-
diated through the prostaglandin production.
The prostaglandin change is generally very low
in uninflamed tissues, but increases immediately
in acute inflammation [2]. Nevertheless, some com-
pounds like capsaicin, codeine, and buprenorphi-
ne, listed below, do not act through the inhibi-
tion of prostaglandin effects.

The branded names of the drugs included in
this group of painkillers, which refer to the inter-
national non-proprietary names (INN), are the fol-
lowing: Salicylic acid, Codeine, Buprenorphine,
Methadone, Nalorphine, Celecoxib, Ibuprofen, Na-
proxen, Paracetamol, Pregabalin, Diclofenac, Oxy-
codone, Carbamazepine, Amitriptyline, Capsaicin,
Meloxicam, Prednisolone, Meperidine, Butalbital,
Naltrexone, Gabapentin, Morphine and Fentanyl®.

$Note: it should be underlined that in this study Fentanyl and Morphine have been considered as Pain Killers, as well as Mind Changers.
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The group of Mind-Changer Drugs (Mole-
cules of Mysticism,)

These molecules affect mental processes and
fall under the classification of hallucinogenic or
psychotomimetic drugs. They alter thinking, per-
ception, and mood [3]. The international nonpro-
prietary names of drugs belonging to the group of
mind changers are as follows: Heroin, Cocaine, Er-
gotamine, LSD, Mescaline, Amphetamine, Psy-
locibin, Nikethamide, Serotonin, Epinephrine, Phe-
nylethylamine, Methamphetamine, Bufotenine,
Tetrahydrocannabinol, Methylphenidate (Ritalin),
Cathinone, Morphine, and Fentanyl.

This study does not include prescribed drugs
available to treat mental illness. Antidepressants
used to treat depression, anxiety, and some types
of personality disorders, or antipsychotic drugs
to treat schizophrenia and bipolar disorders, as
well as to restore the chemical balance of the
brain are not mentioned [4]. The study present-
ed includes only modern medicines, natural or
synthetic, which are known to be active against
the CNS as pain relievers or mind changers.

B Results

Physical and chemical properties of the
drugs studied (pain killers and mind-chan-
gers)

In the broad sense, moderately lipophilic drugs
cross the BBB, by passive diffusion, and the hy-
drogen bonding properties of drugs can signifi-
cantly influence their CNS uptake profile. Polar
molecules are generally poor CNS drugs unless
they undergo active transport across the CNS.
Other properties (size, molecular weight, parti-
tion coefficient, molecular flexibility (rotational
bonding), solubility, polar surface, polarizability,
bioavailability) are also factors that can affect
the transport of an organic molecule to cross the
BBB [5, 6].

Pain killers and mind-changers possess tre-
mendous chemical diversity and yet reach their
target(s) in the brain. The question is, “What physi-
cal and medicinal-chemical characteristics do they
possess to induce their various activities: pain kill-
ers for the molecules of Mercy and mind changers
for the molecules of Mysticism?¢”

The most known molecules belonging to the
group of the Molecules of Mysticism are the can-
nabinoids (hashish, marihuana) extracted from
Cannabis sativa, which are the oldest and most
broadly occurring hallucinogens. Cannabis ranks
second after opium as the most widely used

mind-altering drug today. The most active ingre-
dient of cannabinoids is A°-tetrahydrocannabi-
nol (THC). In the late 1960s, researchers learned
that there were specific areas in the brain con-
trolling pain [7—9]. As for psychedelic drugs, hal-
lucinogenic compounds, such as A!-Tetrahydro-
cannabinol, Psylocibin, and LSD, exert their pri-
mary effects through activating serotonin 5-HT,,
receptors found predominantly in cortical re-
gions [10]. The question that arises at the level
of chemical structures and physicochemical pro-
perties is, “How can the molecules of the group of
pain killers be differentiated from those of mind-
changers, taking into account that these two
groups of compounds must penetrate the blood-
brain barrier to reach their targets at the CNS
level?”

To answer this question, 23 drugs (US FDA
approved or/and European marketing authoriza-
tion) most prescribed for the treatment of pain
(the Molecules of Mercy) and 18 molecules of well-
known psychedelic drugs used for recreational
purposes (the Molecules of Mysticism) and/or
for mental disorders are included in this study.
The physicochemical characteristics of these 41 mo-
lecules could be found in DrugBank Online data,
offered to the public as a free-to-access resource
[11]. For each drug, 11 representative structur-
al physicochemical parameters were considered:
Molecular weight (MW), Chemical formula, Wa-
ter solubility (mg mL™"), log P, log S, Hydrogen
acceptor count, Hydrogen donor count, Rotatable
bond count, Polar surface area (AZ), Polarizability
(A%), Bioavailability.

Table 1 and Table 2 show the values of the
physicochemical parameters for each drug belon-
ging to both groups of drugs: 23 Molecules of Mer-
cy (pain killers) and 19 Molecules of Mysticism
(mind-changers), as well as their compliance with
the Lipinski’s rule (Rule of five), Ghose filter,
Veber’s rule, and MDDR-like rule.

Notes to the descriptors that appear in
Tables 1 and 2 are given below:

MW - the molecular weight in g mol™.
Water Solubility in mg mL~'. LogP — the octa-
nol-water partition coefficient [12]. LogS — the
common solubility unit corresponding to the
10-based logarithm of the water solubility of a mo-
lecule measured in mol L*. H, — the number of
hydrogen bond acceptors. Hy — the number of
hydrogen bond donors. Rotatable bonds — the
number of single bonds which can freely rotate
around their axis [13]. Bioavailability — repre-
senting the fraction (F) of the administered dose
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of a xenobiotic that reaches the systemic circu-
lation, measured on a continuous range from 0
to 1 [14]. Polar Surface Area (PSA) — defined
as the surface sum over all polar atoms or mol-
ecules, primarily oxygen and nitrogen, includ-
ing also their attached hydrogen atoms [15, 16].
Polarizability — determines the response of the
susceptibility of a molecule to an approaching
charge. Larger molecules, atoms, or ions are more
polarizable than smaller objects. Polarizability is
expressed as the polarizability volume with units
in A*=102* cm? [17, 18]. Rule of Five (Lipinski’s
rule) — not more than 5 hydrogen bond donors;
not more than 10 hydrogen bond acceptors; the
molecular mass less than 500 Da [19]. Ghose
Filter — the partition coefficient LogP from —0.4
to +5.6; the molecular refractivity from 40 to 130;
the molecular weight from 180 to 480; the num-
ber of atoms from 20 to 70 (includes H-bond do-
nors [e.g., OHs and NHs] and H-bond acceptors
[e.g., Ns and Os]) [20]. Veber’s rule — 10 or fe-
wer rotatable bonds and the polar surface area
equal to or less than 140 A% or 12 or fewer H-bond
donors and acceptors [21]. MDDR-like rule — the
rule-of-five test cannot be used to discriminate be-
tween drugs and non-drugs. Descriptors used for
the MDDR-like rule are the number of rings, the
number of rigid bonds, and the number of rotata-
ble bonds. The probability of finding a “druglike”
compound is higher in the ranges: No. of rings > 3,

Table 3. The average values of all the physicochemical values
related to both groups of drugs

. . The Molecules The Molecules
Physicochemical o
No. roperties of Mysticism of Mercy
prop (mind-changers) (pain killers)
1 MW 263.8 192.88
2 | Solubility (mg/ml) 4.37 0.96
3 |LogP 2.28 1.55
4 |log$ -1.3 -2.17
5 |n 2.56 3.2
A (between 2 and 3)|(between 3 and 4)
6 |n 1.2 1.3
b (between 1 and 2)|(between 1 and 2)
Rotatable bonds 3 3
Polar Surface Area 30.58 54.14
Polarizability 29.01 31.51
10 |Bioavailability 1 1
11 |Rule of Five Yes (18/18) Yes (23/23)
12 | Ghose Filter Yes (9/17) Yes (19/23)
13 |Veber’s rule Yes (9/17) Yes (2/23)
14 | MDDR-like rule Yes (2/18) Yes (0/23)

Note: Values provided in Table 3 correspond to the mean ones calculated
based on data from Tables 1 and 2

No. of rigid bonds > 18, No. of rotatable bonds > 6,
while the probability of finding a ‘nondrug-like’
compound is higher in the ranges: No. of rings < 2,
No. of rigid bonds < 17, No. of rotatable bonds < 5
[22, 23].

Table 3 shows the average values of all the
physicochemical parameters listed in Tables 1
and 2 related to both groups of drugs: Pain kill-
ers and Mind-changers.

B Discussion

A careful analysis of the reported values allows
us to determine what are the physicochemical
properties that support the ability of these CNS
drugs to act as pain killers or pain relievers and
what are the physicochemical parameters that in-
duce a mind-changer effect (psychedelic activity)
in this group of drugs. Let us first recall that all the
values of the physicochemical parameters con-
sidered came from the same database, the Drug
Bank, which is accessible freely online.

All the molecules cited in this manuscript are
used in clinical practice, mainly as pain killers,
and are therefore approved by the FDA; other
substances in the group of mind-changers are used
in clinical practice, while others are classified as
prohibited and non-commercial. It is known that
all the molecules analyzed act at the CNS level,
which means that all these drugs must penetra-
te the blood-brain barrier. The analysis of the
physicochemical parameters associated with each
of the two groups — pain killers and mind-changer
compounds — reveals differences in the average
values of certain parameters.

As can be seen from Table 3, the molecular
weight, solubility, Log P, and log S values for the
mind changer drugs are lower than for pain killers.
On the contrary, the values of polarizability, po-
lar surface area, hydrogen acceptor count, and
hydrogen donor count of the pain killers are higher
than those of the mind-changer drugs.

From the results presented in Table 3, the
following conclusions can be drawn:

*  most of the drugs belonging to both groups,
the Molecules of Mercy or the Molecules of
Mysticism, corresponded to the Lipinski’s rule
as indicated in Tables 1 and 2;

* 9 of 23 compounds of the Mysticism group sa-
tisfy the Veber’s rule, while only 2 of 23 com-
pounds of the Mercy group satisfy this rule;

* the majority of the drugs (19/21) related to
drugs of Mercy comply with the Ghose filter
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rule, while only half of drugs of Mysticism

comply with this rule;

*  most of the drugs of these two groups do not
support the MDDR-like rules.

Based on the data presented in Tables 1, 2,
and 3, the development and synthesis of molecu-
les for the treatment of pain in the CNS, in par-
ticular for end-of-life care, requires a targeted
approach. Chemists developing new pain killers
or improving existing ones through molecular
modifications should ensure that the physico-
chemical properties of these molecules meet the
criteria set out in Table 3.

For Molecules of Mercy (pain killers), these new
structures will represent pharmacological profi-
les that would limit the side effects often asso-
ciated with taking active painkiller ingredients
(morphine and related analogs), mainly addic-
tion effects. As indicated in Table 3, mind-
changing drugs that act on the psyche (anxiety,
depression) present physicochemical criteria sig-
nificantly different from those of more specific
molecules to combat pain.

H Conclusion

When designing new CNS drugs, it is necessa-
ry to maintain a balance between physical and
chemical requirements and achieve the best com-
promises in properties depending on the target
therapeutic effect — pain killers or mind-changers.
While all CNS drugs (41 compounds), pain killers,
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