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This article reviews current knowledge for the largest GPCR family regulating an incredible
range of physiological functions and diseases ranging from endocrinology to cardiovascular
to sensory disorders. In this study, preferred physicochemical parameters such as molecular
weight, lipophilicity, number of rotatable bonds, and water solubility were evaluated as drug
design optimizing parameters for druggable GPCR-A targeting compounds. The SWISS ADME
bioinformatics tool was utilized in this investigation to determine the relative relationship
between drug-likeness and physicochemical characteristics.
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1. INTRODUCTION
GPCRs (G protein coupled receptors) represent the largest
variety of extracellular signalling protein that responds to a
wide number of chemicals consisting of neurotransmitters,
ions, odorants and other stimuli [1]. The majority of medical
therapeutic targets belong to one of the five protein families
namely G protein-coupled receptors (GPCRs), ion channels,
kinases, nuclear hormone receptors, and proteases [2]. G
protein-coupled receptors (GPCRs) are imperative for
various biological functions, including vision, smell, and
aging. They're engaged in various human pathophysiological
conditions (diabetes, obesity, and Alzheimer disease and
some of CNS disorders) and are among the foremost critical
targets of therapeutic drugs [2]. As seen in Figure 1, GPCRs
are majorly divided into different families based on their
structural composition and similarities [3]. GPCR class A
(Rhodopsin-like) remains one of the largest groups among
them. In fact, GPCRs class A nearly targets one third of all
prescribed medical drugs since most of them share common
activation mechanisms [4]. A very popular approach to
finding hits and leads for targets where structural
information is available is called Fragment-based drug
discovery (FBDD) used to screen drug fragments[5]. Many
physicochemical parameters such as molecular weight, water
solubility, number of rotatable bonds and lipophilicity values

are being considered and optimized during the fragment
based drug discovery process while designing innovative
medications for the GPCR A family [6]. Rules such as
Lipinski rule and Egan’s rule are used as standards to
optimize the drug, which helps in optimizing drug’s
bioavailability and better ADME safety profile [6]. FBDD
uses the applications of biophysical and biochemical
methods to detect very small molecules or so-called
“fragments” in binding to a specific target [5]. Typically,
FBDD starts with a screening of a small library of various
molecular weight compounds for binding to a particular
target. These fragments are very small molecules, usually
should obey the ‘Lipinski rule’ whereby molecular weight
must be less than 500 Da[5]. The molecular weight range
can vary for particular GPCR A family selected in order to
focus the benchmarking set on compounds with similar
properties to those present in chemical libraries used in
virtual screening [6]. For example, chemosensory receptors
which are classified as class A GPCR, show drug-likeness
that have molecular weight between 200 and 500 Daltons,
representing molecules that are most effective within this
molecular weight range[7]. Additionally, the commonly
applied molecular weight cut-off that is 500 does not itself
significantly separate compounds with poor oral
bioavailability from those with acceptable values in this
extensive data set. Despite Lipinski's rule restriction, 18% of
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the drug molecules possess a molecular weight in excess of
MW of under 500 Dalton, when topical dermatological
500[6]. Clearly, better understanding of physicochemical
therapy or percutaneous systemic therapy or vaccination is
properties for drug likeness are needed for predicting
the objective [8].
therapeutic ligands that aid in the development of new
Lipophilicity is a direct indicator of a compound’s ability to
promiscuous GPCR-A drugs.
pass biological membranes after molecular weight. Drug
molecules must be soluble enough to get through membranes
but not too soluble to become trapped in them [9]. It has
been proved that lipid solubility is a significant
physicochemical property that greatly influences drug
absorption, distribution, metabolism, excretion, and plays a
critical role in assisting researchers limit the liabilities of
new drug candidates and achieve desired in vivo
pharmacokinetics. To aid in drug selection and analogue
optimization, drug candidates are frequently tested using log
P, among other factors. Controlling lipophilicity within a
predefined optimum range has been shown to increase
compound quality and reduce the likelihood of therapeutic
failure [10]. According to ‘Lipinski’s Rule of 5’ the log P of
a compound intended for oral administration should be <5. A
drug targeting the CNS should ideally have a log P value
around 2, for oral and intestinal absorption the ideal value is
1.35–1.8, while a drug intended for sublingual absorption
should have a log P value >5 [11]. According to a GPCR
case study, Xlog P not greater than 3.5, improved scoring
function of the drug likeness of a GPCR target new drug
molecule [12]. The values of log P for GPCR-A target drugs
Fig 1: Evolutionary relationships of GPCRs as drug targets [20].
selected for our study ranges from 0.85 to 3.86 (Table 1) and
are in agreement with Lipinski’s rule and drug likeliness for
2. MATERIALS AND METHODS
a promising new drug. For an instance, Clopidogrel has good
PubChem (https://pubchem.ncbi.nlm.nih.gov/)
lipophilicity with a consensus value of Log Po/w - 3.50, is
PubChem, an open chemistry database at the National
insoluble in water, and evenly penetrates the lipid bilayer of
Institutes of Health (NIH), was utilized for accessing
the cellular membranes with good absorption property
simplified molecular-input line-entry system (SMILES) for
among our ten selected medications [13].
each of the selected GPCR-A drugs. The SMILES were then
Rotatable bond is another important consideration for
inputted into the SWISS ADME, a publicly available
molecular flexibility determination and development of
freeweb server.
bioactive molecules as therapeutic agents [14]. The
Swiss ADME (www.swissadme.ch)
development of a sufficient understanding of rotatable
Swiss ADME software is developed and maintained by the
bonds, as pioneered by Lipinski rule, is a crucial goal for
Molecular Modelling Group of the SIB | Swiss Institute of
drug research in order to enable the design of feasible novel
Bioinformatics. Ten selected GPCR-A selected drugs
therapeutic candidates [14]. The observational study done by
SMILES were inputted directly on the submission page of
Veber et al. suggests that oral compounds which meet the
SWISS ADME web browser to compute physicochemical
criteria of 10 or fewer rotatable bonds will have a high
descriptors and support drug discovery process.
probability of better drug efficacy which also follow the
Lipinski rule [14]. In their study, over the low molecular
3. RESULTS AND DISCUSSION
weight (MW) 220-770 data set, the quartile averages
In this article, physiochemical properties such as molecular
confirm that higher oral bioavailability is associated with
weight, water solubility, number of rotatable bonds and
lower rotatable bond counts. In the MW < 400 set, their
lipophilicity values of selected GPCR-A targeted drugs were
study showed 90% of the compounds have 10 or fewer
reviewed from literature and evaluated to gain better insights
rotatable bonds, and 70% have seven or fewer[14].
as drug design optimizing parameters for druggable GPCRAccording to another study, 79% of compounds in the
A targeting compounds. The ten selected GPCR drugs fall
human metabolite dataset have 1-10 rotatable bonds, with
under range of the molecular weight between 200 to 500 Da
the average number of rotatable bonds per molecule in
belonging to the group of small molecules [6, 8]. They are
pharmaceuticals being 6 [9]. Morgan et al. found that using a
also pharmaceutically competent as it seems logical to
dataset with a maximum number of rotatable bonds of 8,
restrict the development of new innovative compounds to a
docking scores of GPCR drugs improve, resulting in
3484
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enhanced physicochemical diversity [12]. Literature supports
the disruption of molecular planarity and symmetry [18].
our results of GPCR A family drugs which fall within this
Hence, for the GPCR-A related drug discoveries, decreasing
range of 1-10 rotatable bonds. For example, Prazosin has 5
the melting point and reduction in crystal packing will also
rotatable bonds (as per Swiss ADME) that influence the
be a promising strategy in improving water solubility.
binding potency and bioavailability of the drug as well as
makes the drug flexible which aids in gaining a better
understanding of drug efficacy and will also be useful in the
prediction or optimization of small compounds as
therapeutic ligands [9, 14].
Table 1: Physiochemical properties of GPCR-A targeted drugs [21]
Name of
Drug
Levodopa

Mol.
LipoNo. of
wt. philicity rotatable
(g/mol) (Log p) bond
197.19 0.85
3

Salbutamol 239.31

Morphine

285.34

1.22

5

1.41

0

Clopidogrel 321..82 2.5-3.5
Naloxone

4

Water
Bio
Therapeutic
solubility availabil
system
ity score
Highly
0.55
Nervous
soluble to
Soluble
Very highly 0.44
Respiratory
soluble to
soluble
Soluble
0.55
Nervous
Soluble

0.55

Circulatory

327.34

2.09

2

Soluble

0.55

Nervous

Indomethacin 357.79

3.63

5

Moderately
soluble

0.85

Prazosin

383.4

1.42

5

Soluble

0.55

Cardiovascular
& MusculoSkeletal
Cardiovascular

Buspirone

385.5

2.22

6

Soluble

0.55

Nervous

Losartan

422.9

3.86

8

0.56

Cardiovascular

Candesartan 440.45

3.51

7

Freely
soluble
Poor soluble

0.56

Cardiovascular

Fig 2: SAR investigations led to the development of Lemborexant, a
dual orexin receptor antagonist and CGRP antagonists [20].

For a successfully marketed drug, satisfactory drug
absorption depends on a set of three factors, namely, dose,
solubility, and permeability [15, 16]. For an instance, a
successfully marketed antibiotic, azithromycin with
excellent oral activity counterbalances a very low absorption
rate in the intestinal loop with very high-water solubility
[15]. From our findings, the water solubility of the studied
ten GPCR A drug from computational Swiss ADME ranges
from poorly soluble to highly soluble (Table 1). One of the
core issues being confronted for some GPCR receptor-acting
drugs for their clinical use is water solubility. Strategies are
needed to overcome this issue as there is limited information
or a clear framework in the literature for water solubility
approaches and druggability. For example, structural activity
relationship (SAR) analysis of Lemborexant resulted in
hydroxyl group added to cycloheptane ring with improved
water solubility of this drug (Figure2) [17].Another strategy
to improve water solubility for future GPCR-A drug
discoveries, which could be explored include, disrupting the
molecular planarity and symmetry [18]. The disruption of
the molecular planarity and symmetry helps to reduce the
crystal packing influencing crystallinity of solute and water
interaction [19]. Furthermore water solubility can be
increased by decreasing the melting point which is related to

4. CONCLUSION
The present study provides an overview of the
physicochemical properties of ten common GPCR A drugs
used in the treatment of various pathophysiological
conditions. Four physicochemical properties of the drugs,
namely the molecular weight, water solubility, number of
rotatable bonds and lipophilicity, were investigated using
Swiss ADME. The study revealed significant variation in the
properties of the ten drugs with the molecular weight
ranging from 150-450 g/mol, number of rotatable bonds
ranging from 1-10, and lipophilicity ranging from 0.85-3.86.
These ranges are consistent with Lipinski’s rule of 5 and
Egan's rule used to determine a drug binding ability. In terms
of solubility, the drugs were found to have a wide range of
solubility from poorly soluble to highly soluble. The study
provides insights for GPCR-A drugs with low molecular
weight compounds and rotatable bonds of 1-10 as good
candidates for predicting therapeutic ligands. This article
aids in the discovery and development of new therapeutic
and promiscuous GPCR-A drugs and deepens our
understanding for physicochemical properties of the drugs
that can be favourably modified using strategies such as
reducing molecular flexibility and disrupting the molecular
planarity and symmetry.
3485

© All rights reserved with authors as per copyright policy

International Journal of Pharma Research and Health Sciences, 2022; 10(5): 3483-86.
Pharmaceutical Analysis Session, 45th Pittsburgh Conf,
Chicago Oral Presentation 1994; 959.
5. REFERENCES
1. Hilger D, Masureel M, Kobilka BK. Structure and
17. Yang D, Zhou Q, Labroska V, Qin S, Darbalaei S, Wu
dynamics of GPCR signaling complexes. Nat Struct
Y, et al. G protein-coupled receptors: Structure-and
Mol Biol. 2018; 25:4–12.
function-based drug discovery. Nature Com 2021; 6:7.
2. Hauser AS, Attwood MM, Rask-Andersen M, Schiöth
18. Ishikawa M, Hashimoto Y. Improvement in aqueous
HB, Gloriam DE. Trends in GPCR drug discovery: New
solubility in small molecule drug discovery programs by
agents, targets and indications. Nat Rev Drug Discov
disruption of molecular planarity and symmetry. J Med
2017; 16:829–42.
Chem. 2011; 54:1539–54.
3. Zhou Q, Yang D, Wu M, Guo Y, Guo W, Zhong L, et
19. Jain N, Yalkowsky SH. Estimation of the aqueous
al. Common activation mechanism of class a GPCRs.
solubility I: Application to organic nonelectrolytes. J
ELife 2019; 8.
Pharm Sci. 2001; 90:234–52.
4. Venkatakrishnan AJ, Deupi X, Lebon G, Heydenreich
20. Yang D, Zhou Q, Labroska V, Qin S, Darbalaei S, Wu
FM, Flock T, Miljus T, et al. Diverse activation
Y, et al. G protein-coupled receptors: structure- and
pathways in class A GPCRs converge near the Gfunction-based drug discovery. Signal Transduction and
protein-coupling region. Nature 2016; 536:484–7.
Targeted Therapy 2020; 6:1–27.
5. Kirsch P, Hartman AM, Hirsch AKH, Empting M.
21. SwissADME. www.swissadme.ch; Accessed on August
Concepts and Core Principles of Fragment-Based Drug
1, 2022
Design. Molecules 2019; 24: 4309.
6. Vieth M, Sutherland JJ. Dependence of molecular
properties on proteomic family for marketed oral drugs.
ACKNOWLEDGEMENT: None
J Med Chem. 2006; 49:3451–3.
7. Pizio A di, Behrens M, Krautwurst D. Beyond the
CONFLICT OF INTEREST: The authors declare no
Flavour: The Potential Druggability of Chemosensory G
conflict of interest, financial or otherwise.
Protein-Coupled Receptors. Int J Mol Sci. 2019; 20:
SOURCE OF FUNDING: None.
1402.
8. Bos JD, Meinardi MMHM. The 500 Dalton rule for the
AVAILABILITY OF DATA AND MATERIALS: Not
skin penetration of chemical compounds and drugs. Exp
applicable.
Dermatol. 2000; 9:165–9.
9. Khanna V, Ranganathan S. Physicochemical property
CONSENT FOR PUBLICATION: Not applicable.
space distribution among human metabolites, drugs and
toxins. BMC Bioinformatics 2009; 10:15.
ETHICS
APPROVAL
AND
CONSENT
TO
10. JA A, SL P. The influence of lipophilicity in drug
PARTICIPATE: Not applicable.
discovery and design. Expert Opin Drug Discov. 2012;
7:863–75.
11. Bhal SK. Application Note LogP-Making Sense of the
Abbreviations: GPCR: G protein Coupled Receptors,
Value.
CNS: Central Nervous System, ADME: Absorption
12. Thomas M, Smith RT, O’Boyle NM, Graaf C de,
Distribution Metabolism Excretion, FBDD: Fragment
Bender A. Comparison of structure- and ligand-based
Based Drug Discovery, Da: Dalton
scoring functions for deep generative models: a GPCR
case study. J Cheminformatics. 2021; 13:1-20.
13. M R, A R, R B. A Comparative Study of Molecular
Structure, pKa, Lipophilicity, Solubility, Absorption and
Polar Surface Area of Some Antiplatelet Drugs. Int J
Mol Sci. 2016; 17.
14. DF V, SR J, HY C, BR S, KW W, KD K. Molecular
properties that influence the oral bioavailability of drug
candidates. J Med Chem. 2002; 45:2615–23.
15. Lipinski CA, Lombardo F, Dominy BW, Feeney PJ.
Experimental and computational approaches to estimate
solubility and permeability in drug discovery and
development settings. Adv Drug Deliv Rev. 1997; 23:3–
25.
16. Lipinski CA, Davis AL, Aldridge PK, Brown CW.
Biologically relevant UV-based solubility assays.
3486
© All rights reserved with authors as per copyright policy

