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Abstract

Heterocycles encompass an important section in the discovery
field of medicinal chemistry. Several commercial products have
one or more heterocycles in their structure, underlining the
importance of these moieties for therapeutic applications.
Pyrrole is one such heterocycle which has been part of natural
compounds existing in nature as well as commercial drugs in
the market. It has changed the paradigm of drug delivery in
bringing key therapeutic molecules to the market in variety of
therapeutic areas. Further, pyrrole group is also part of other
industries such as agriculture, paint, chemicals, dyes, and
plastic. This highlights the multitude of advantages pyrrole
moiety has in varied industrial areas. In drug discovery, pyrrole
holds a special place due to its contribution in the history of
therapeutics. Researchers have been working towards
synthesizing and optimizing novel pyrrole-based molecules
through Structural Activity Relationships (SARs) to lead to
pharmaceutically viable New Chemical Entity (NCE) for various
indications. This review is focused on applications of pyrrole in
various therapeutic areas and discussing the current research
that is been undertaking towards development of novel
therapeutic moieties containing pyrrole group.
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Introduction
With the scientific progressions, medicinal chemistry field has 

expanded the realms of novel therapeutic molecules extensively for 
finding a cure for difficult to treat indications. These molecules 
include small molecules as well as biologics that were once discovered 
as NCE. While traditional dosage forms including oral dosage form 
such as tablets and capsules [1-3] continue to exist, extensive research 
has also been done in liposomes, micro particles, nanoparticles/Nano 
emulsions [4-8], and in novel route of delivery such as nose-to-brain 
delivery [9-10] in delivering the therapeutics to human body. Further, 
active techniques such as iontophoresis [11], ultrasound [12], 
microneedles [13-17], chemical enhances etc. [18] are also being 
utilized to improve drug delivery. However, the basis of drug delivery 
lies in the discovery of the novel molecules through chemistry and 
structural activity relationship studies, to further enhance the library of 
molecules. These molecules can further be developed into drug 
products by fine tuning their physicochemical properties. One such 
group of compounds that are highly utilized for discovery of novel 
therapeutics is heterocyclic compounds. Heterocyclic compounds 
belong to the largest class of medicinal chemistry amongst all. A 
heterocycle is a ring containing at least one atom that is not carbon. 
Heterocyclic compounds are of great importance in terms of industrial 
as well as therapeutic applications. Majority of the existing drugs and 
new chemical entities include one of the heterocycles in their 
structure. Much of literature is available on applications of 
heterocycles in drug delivery and other industrial areas, such as, 
pesticides, dyes, and plastic industry [19]. Heterocycles are divided 
into various classes depending on the heteroatom and ring structure. 
Heterocycles could be three, four, five or six or more membered 
rings containing one or more heteroatom such as, Nitrogen (N), 
Oxygen (O) or Sulfur (S). Nomenclature for these heterocyclic 
compounds is tabulated in Table 1. Out of these, the best known of the 
simple heterocyclic compounds are pyridine, pyrrole, furan, and 
thiophene.

Heteroatom 3- membered 4- membered 5- membered 6- membered 5-membered

aromatic

6-membered

aromatic

Oxygen

Ethylene oxide Oxetane Tetrahydrofuran
Tetrahydropyran

Furan
Pyran

Sulfur

Thiirane
Thietane

Thiolane
Thiane Thiophene

Thiopyran
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Nitrogen

Aziridine
Azitidine

Pyrrolidine
Piperidine

Pyrrole Pyridine

Table 1: Heterocyclic compounds containing oxygen, sulfur, and 
nitrogen.

Literature Review

History of heterocycles in medicinal chemistry
According to literature survey, the history of heterocycles in 

medicinal chemistry dates to 1800's. Scientists have discovered and

reported the key chemicals containing heterocycles that found
applications not only in therapeutics but also other industries such as
dye/paint industry and oil industry, etc. Table 2 provides a snapshot of
various heterocycles that were discovered in early days along with the
scientist who first discovered/reported it.

Heterocycle compound Source of heterocycle
compound

Year discovered Scientist Structure of heterocycle 
compound

Alloxan Uric acid 1818 Luigi Valentino Brugnatelli

Furfural Treatment of starch with
sulfuric acid

1832 Johann Wolfgang Dobereiner

Pyrrole By dry distillation of bones 1834 FF. Runge

Indigo dye Snails of Murex branderis in
the Mediterranean Sea.

1906 Paul Friedlander
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Chlorophyll A Crude oil 1936 Alfred E. Treibs

Table 2: History of heterocycle compounds in literature.

Therapeutic applications of heterocycles
Heterocycles have proven to show the therapeutic activity for

various indications, such as fungal infections [20-25], pain/
inflammation [26-33], bacterial infections [34-39], neurological

complications [40-45], allergies [46,47], cancer [48-56],
cardiovascular complications [57-60], etc.

Several key drugs have heterocycle moiety in their structures,
which imparts the therapeutic activity to the molecule. Table 3 depicts
some of the medicinal drugs containing heterocyclic moiety.

Drug Category Chemical structure

Erogotamine Anti-migraine

Cinchonine Anti-malarial

Posaconazole Anti-fungal

Anastrozole Anti-cancer
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Sumatriptan Anti-migraine

Chloroquine Anti-malarial

Paroxetin Anti-depressant

Omperazole Anti-ulcer

Acyclovir Anti-viral

Table 3: Medicinal drugs containing heterocycle moiety.

This review focuses on the therapeutic properties and applications 
of pyrrole in drug delivery and literature spanning the last decade will 
be covered.

Pyrrole
Pyrroles make an important class of organic compounds and were 

first isolated in 1857 during bone pyrolysis as a by-product and 
identified as clinically relevant when it was recognized as a structural 
part of heme and chlorophyll [61]. Apart from these two, pyrroles are 
also part of other naturally occurring compounds such as

porphyrinogens, bile and melanin pigments, and vitamin B12 [62]. 
Pyrrole and its derivatives are also widely used as intermediates in a 
variety of industries such as pharmaceuticals, agriculture, dyes/paints, 
photographic chemicals, perfumes, and other organic compounds. 
They also find application as a catalyst for polymerization process, 
corrosion inhibition agents, preservative, solvent for resins and 
terpenes [63]. In pharmaceuticals, pyrrole and its derivatives have 
found applications in various indications as depicted in Figure 1.
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Figure 1: Schematic of applications of pyrrole in various 
indications.

The scientific community got their attention towards pyrrole mainly 
after the discovery of the blockbuster drug atorvastatin. This followed 
utilization of pyrrole in many other top selling pharmaceutical drugs 
such as, Sunitinib, Fluvastatin, Nitrofurantoin, Tolmetin, Ketorolac, 
Ondansetron, Remdesvir, Tallimustine, etc. [64].

Apart from this, natural hormone, alpha-melanocyte stimulating 
hormone (α-MSH) which has a pyrrole moiety in its structure and 
displays an excellent anti-inflammatory property for body’s natural

defense [65]. KPV is a α-MSH derivative containing this key structure
of pyrrole, and thus without rest of the motif, is still able to elicit the
anti-inflammatory effect [14].

Figure 2 shows chemical structures of various commercial drugs as
well as natural compounds such as α-MSH and KPV that contain
pyrrole moiety. Table 4 discusses the various pharmacological classes,
molecular target, and manufacturing companies for the commercially
available drugs containing pyrrole.

Figure 2: Chemical structures of key therapeutic compounds with 
pyrrole moiety.

Drug name Pharmacological application/area Molecular target Manufacturing company

Ketorolac Anti-inflammatory Cyclooxygenase (COX) Lemmon Company

Atorvastatin Anti-lipidemic HMG CoA reductase Pfizer Ireland Pharmaceuticals)

Sunitinib Antitumor Platelet-Derived Growth Factor
(PDGF-Rs) and Vascular Endothelial 
Growth Factor Receptors (VEGFRs)

Pfizer, Inc.

Ondansetron Antiemetic Serotonin receptors of the 5-HT3 type Glaxo Wellcome Inc.

Remdesivir Antiviral Viral RNA-dependent RNA
Polymerase (RdRP)

Gilead Sciences Inc.

Fluvastatin Anti-lipidemic HMG CoA reductase Novartis Pharmaceuticals
Corporation

Tolmetin Anti-inflammatory Cyclooxygenase (COX) Mylan Pharmaceuticals Inc.

Nitrofurantoin Antibacterial Staphylococcus aureus,

Enterococcus species, Escherichia 
coli

Casper Pharma LLC.
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Following sections will discuss in detail on various novel pyrrole 
derivatives that have been investigated for their applications in some 
of the key areas of indications.

Anti-inflammatory activity
 Xu studied 2-substituted-1,4,5,6-tetrahydrocyclopenta b) pyrrole for 
skin inflammation and were assessed by 12-O-
Tetradecanoylphorbol-13-Acetate (TPA)-induced skin inflammation in 
mice [66]. Synthesis of various compounds in the series was 
undertaken, and compound 4 displayed 3.2-fold anti-inflammatory 
property as compared to celecoxib. Immunohistochemically analysis 
indicated that compound 4 suppressed the TPA-induced IL-1b, IL-6, 
TNF-a, and COX-2 by blocking IKK/NF-κB signaling pathway.

Yuan and group synthesized and evaluated 1H-pyrrole-2,5-dione 
derivatives for treatment of atherosclerosis as cholesterol absorption 
inhibitors by suppressing the foam cell formation and inflammatory 
response. Multiple compounds were synthesized and compound 20 
seemed to be the most potent inhibitor. Cellular assays for studying 
inhibitory activity of cholesterol absorption indicated compound 20 
exhibiting stronger in vitro cholesterol absorption activities than 
ezetimibe. Cytotoxicity and partition coefficient studies indicated
LC50 values of ezetimibe to be 57.58 µM against HEK293 and 44.20 
µM against RAW264.7, respectively. While compound 20 didn’t show 
any cytotoxicity in both, compounds 22a-c with the best in vitro 
potency displayed LC50 values of 31.5–47.3 µM against HEK293 and 
RAW264.7, along with cytotoxicity in both cell lines. Further, polarity 
evaluation of the compounds showed values ranging between 2 and 4 
for compound 20 and others (similar to ezetimibe), except 22a-c that 
exceeded 5.0. Based on overall performance, compound 20 proved to 
be the best candidate amongst all the compounds [67].

A series 1,3,4-thiadiazole compounds containing pyrazole and 
pyrrole nucleus were made in the lab and evaluated for anti-
inflammatory properties. Carrageenan-induced acute paw edema in 
Wistar albino rats was used as a model for studying the biological 
properties of these compounds. All the tested compounds, 3c, 3d, 4c, 
3f, 4d, 3b and 3e displayed significant anti-inflammatory activity 
(77.27, 75.89, 76.24, 68.55, 63.72, 57.41, 53.05% and 81.00, 80.55, 
78.62, 71.45, 68.95, 61.89, 56.32% inhibition in paw edema at 3 h and 
5 h respectively) in comparison to reference, indomethacin (74.82 and 
80.32% at 3 h and 5 h). Leads with pyrazole nucleus seem to have 
higher anti-inflammatory activity as compared to the leads with 
pyrrole nucleus [68].

Claudio synthesized and investigated the bio-pharmacological 
properties of a class of pyrrole derivatives featuring a small appendage 
fragment (carbaldehyde, oxime, and nitrile) on the central core. 
Inhibitory activity towards both cyclooxygenases (COX-1 and 
COX-2) was evaluated in the murine monocyte/macrophage J774 cell 
lines for these compounds. Carbaldehyde and nitrile fragments proved
to be the most potent derivatives towards J774 COX-2, with IC50
values of 9.5 nM, and 2.2 nM, respectively and displaying 8- and 36-
fold higher activity as compared to celecoxib. Oxime and nitrile 
fragments seemed to have less inhibitory activity towards J774 COX-2 
[69].

Harrak and group synthesized and studied the 1,4-benzodioxine 
and/or pyrrole system for their anti-inflammatory properties. 
Carrageenan rat paw oedema assay and inhibitory activity of the rat

liver 3a-hydroxysteroid dehydrogenase (3a-HSD) were studied with 
these compounds. Ibuprofen served as reference standard. Ibuprofen at 
1000 µM for comparison and its IC50 was 100 µM. Compound 14 and 
Compound 17 showed enzyme inhibitory activity at IC50 values of 5.8 
µM (~ 17 times higher than that of ibuprofen) and 34 µM, 
respectively. Further, compound 17 showed sustained anti-
inflammatory activity in-vivo until after 4 h, whereas ibuprofen 
activity decreased rapidly [70].

Kumar et al. investigated the effect of substituent at the N-1,2 and 5 
positions of thiophene [3,2-b] pyrrole as potential anti-inflammatory 
agents [71]. Standard anti-inflammatory drugs such as Tenidap 
sodium, Diclofenac sodium and Piroxicam were used as reference. 
Anti-inflammatory effects were measured using carrageenan paw 
edema method in male/female Wister rats. None of the leads show any 
significant activity at a dose of 10 mg/kg, hence was tested at higher 
dose of 100 mg/kg. The anti-inflammatory properties displayed by the 
derivatives of bioisosteres were found to be significantly lower than 
the standards, Tenidap Sodium, Diclofenac Sodium and Piroxicam 
studied at 10 mg/kg, thus indicating an important role that substituents 
play at the N-position.

Anti-inflammatory and anti-arthritic effects of 3-(4-
hydroxyphenyl)-4-(4-thiomethoxyphenyl)-1H-pyrrole-2,5-dione (1, 
HMP) were evaluated on LPS-induced RAW 264.7 macrophages and 
rats with carrageenan-induced paw edema and Adjuvant-Induced 
Arthritis (AIA). Ibuprofen (50mg/kg) was used as a reference 
standard. Oral administration of HMP (25 or 50 mg/kg, Per Os (po) 
reduced paw swelling, and PGE2 release and Myeloperoxidase (MPO) 
activity in tissue. A dose of 25 or 50 mg/kg, po of HMP significantly 
reduced paw swelling, arthritic indices and plasma PGE2
concentrations in rat with AIA. The attenuation of PGE2 production by 
HMP was result of inhibition of Cyclooxygenase-2 (COX-2) activity, 
and not COX-1 activity, in which HMP suppressed the release and 
expression of interleukin-1b (IL-1b) and IL-6 in LPS-induced 
macrophages. In addition, downregulation of the protein and mRNA 
expressions of Inducible Nitric Oxide Synthase (iNOS) lead to 
reduction in LPS-induced Nitric Oxide (NO) production. The results 
suggest HMP as a potential therapeutic agent for further evaluation 
[72].

Analgesic activity
Redzicka and group [73] synthesized a series of pyrrolo [3,4-

c]pyrrole Mannich bases (7a-n) and evaluated for analgesic activity
using COX-1/COX-2 inhibition activities and molecular docking
study. Meloxicam (COX-2 inhibitor) was used as a reference
compound. All the synthesized compounds (except for the 7e)
suppressed both the COX-1 and the COX-2 enzymes. For COX-1
enzyme, showed IC50 values for the synthesized compounds were 
7i-7k (99.6 µM, 104.3 µM, 94.3 µM, respectively), 7f (104.4 µM) and 
7h (103.0 µM) as compared to Meloxicam (85.8 µM), whereas for 
COX-2 enzyme, all the compounds displayed higher (ranging 42.5 
µM–53.9 µM) activity than Meloxicam (57.3 µM). Further, in the 
conducted test, compounds 7n, 7m, 7d proved to be most effective (the 
most selective towards COX-2) with a selectivity ratio (COX-2/
COX-1) of 0.24, 0.26 and 0.28, respectively than Meloxicam,
(selectivity ratio of 0.55), thus displaying nearly twice of selectivity 
for COX-2 enzyme.

Wieslaw synthesized a series of N2-{2-[4-aryl(benzyl)-1-
piperazinyl(piperidinyl)] ethyl}pyrrolo [3,4-d] pyridazinones 4 and 
related derivatives 5 as potential analgesic agents.
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Phenylbenzoquinone induced writhing and hot plate tests in mice 
along with radioligand binding assay were done to evaluate the 
analgesic properties of these compounds. Writhing test indicated that 
all the synthesized compounds were more active than acetylsalicylic 
acid (reference standard, ED50 for ASA is 39.15 mg/kg) with ED50 
values ranging from 0.04 to 11 mg/kg (I.P). Hot plate test showed that 
only three compounds 4c, e,f displayed the analgesic activity at a dose 
3-5 times higher than morphine (ED50-3.39 mg/kg). Only compound
4f exhibited affinity for the m-opioid receptors similar to that of
Tramadol, as suggested by Radioligand binding assay results [74].

Same group of researchers also synthesized N-(substituted-ethyl) 
pyrrole-3,4-dicarboximides and tested for analgesic properties [75]. 
Phenylbenzoquinone-induced writhing test showed that all the 
compounds, except for 3d (ED50=47.7), were ~1.5–5 times more 
active than Acetylsalicylic acid (reference standard, ED50=39.15) and 
~3–10 times less active than morphine. Compound 4c displayed most
potent effect (ED50=7.6 mg/kg), which was significantly active up to a 
dose of 1/320 LD50.

Another group of researchers extended their previous work and 
decorated the central framework of previously synthesized 2-
phenyl-1H-pyrrole-3-carboxamide with diverse alicyclic amines at the 
3-carboxamide fragment [76]. Neuropathic pain alleviating properties
of compound 33 was evaluated in Sprague-Dawley male rats subjected
to unilateral spinal nerve (L5) ligation. Intra-peritoneal (I.P) injection of 
either compound 33 (5 and 25 μmol/kg), PZ-1388 (25 µmol/kg), or 
vehicle (water for injection, 5 mL/kg) was administered. Compound 
33 (25 µmol/kg) significantly improved the 50% threshold at 30 to 90 
min after i.p. injection and reached a maximal level at 30–60 min after 
injection and showed higher results than PZ-1388 (25 µmol/kg), 
resulting in a total abolition of SNL-induced tactile allodynia.

Burgart investigated the effect of methylation of 3-
trifluoromethyl-1H-pyrazol-5-ol on the analgesic activity of the parent 
compound [77]. Mono-Me-substituted N1 - and O-isomers as well N1, 
N2-, N1, O- and N2, O-disubstituted isomers were synthesized. 
Analgesic activity using hot plate test was evaluated in rats at the dose 
of 15 mg/kg for compounds 1-4, 6, 8 with diclofenac (latent period 
prolongation, % (at the dose of 15 mg/kg) at 60 min. was 58.8 ± 8.5) 
being the reference drug. Except MeO-pyrazole 2, all the tested 
compounds elicited anti-nociceptive properties higher than the 
reference (ranging from 17.7 to 52.6%). Further, they were more 
active at 120 min after the administration as compared to activity at 60 
min.

Anti-bacterial/Anti-microbial
Adamovich and group studied the antibacterial activity of new 

silatrane pyrrole-2-carboxamide hybrids for their antibacterial 
properties [78]. These compounds, 3a-d was also evaluated for their 
drug-likeness properties, and seems to pass Lipinski’s rules, with low 
skin permeation but high water-solubility and gastrointestinal 
absorption indicating a high bioavailability. Broth microdilution 
method was used to determine the antimicrobial activity and Minimal 
Inhibitory Concentration (MIC) for these compounds. The microbes 
tested were gram-positive Enterococcus durans B-603, Bacillus 
subtilis B-407 and gram-negative Escherichia coli B-1238. Control 
drug used was gentamicin. For E. durans, only compound 3a (3.1 
µg/mL) seem to show an MIC value much lower than gentamicin (25 
µg/mL), while other compounds had MIC values above 50 µg/mL. For 
B. subtilis too, compound 3a (6.2 µg/mL) seem to be more effective
than gentamicin (50 µg/mL), while other compounds showed MIC

values above 500 µg/mL. For E. coli, compound 3d had much lower 
MIC values (62.5 µg/mL) than gentamicin (100 µg/mL) while other 
compounds showed MIC values above 125 µg/mL.

Moorthy reported a one-step, microwave-assisted synthesis of 
polypyrrole grafted with chitosan (PPy-g-CS) and poly (pyrrole-N-(1-
naphthyl) ethylenediamine, a Copolymer, (COP), using Carbon 
Dots(C-Dots) as initiators [79]. The compound was tested for its 
antibacterial activities against E. coli and S. aureus. PPy-g-CS 
completely inhibited the growth of E. coli as supported by Scanning 
Electron Microscopy (SEM). A delayed effect of COP on the growth 
of E. coli was observed, however, the antibacterial effect of COP 
against E. coli was minimal as compared to PPy-g-CS. The interaction 
of positively charged polymers with the negatively charged microbial 
cell surface lead to the aggregation and cell death, as indicated by 
SEM. Similar behavior was observed against S. aureus, where PPy-g-
CS completely abolished the bacteria after 1 h, while COP was 
ineffective for 6 h, thereafter leading to complete bacterial death at 24 
h.

Novel isoxazolo [4,3-e] indazole derivatives (5a–5g) were 
synthesized using novel Pyrrole-2-carboxylic acid functionalized
magnetic Fe3O4 as novel nanocatalyst. For bacterial activity 
assessment, these compounds were tested against four bacterial 
species for growth of inhibition using Kirby–Bauer disc diffusion 
method. Examine organisms such as E. coli PTCC 1330, P. 
aeruginosa PTCC 1074, S. aureus ATCC 35923, and B. subtilis 
PTCC1023. Gentamicin (10 μg/disc) and chloramphenicol (30 μg/
disc) as positive control and DMSO (20 mm3/disc) as negative 
control. Compounds 5a–5g displayed moderate to good growth 
inhibitory effect against most microorganisms, such as E.coli (ranging 
7.0 0 ± 0.7 mm to 13.0 ± 0.7 mm as compared to gentamicin with 19.6
± 1.1 mm and chloramphenicol with 20.7 ± 1.5 mm), P. aeruginosa 
(ranging from 11.5 ± 0.7 mm to 8.5 ± 0.7 mm as compared to 
gentamicin with 15.6 ± 0.5 mm), S. aureus (ranging from 7.5 ± 0.7 
mm to 12.0 ± 1.4 mm as compared to gentamicin with 20.3 ± 1.5 mm 
and chloramphenicol with 21.7 ± 0.6 mm) and B. subtilis (ranging 
from 8.5 ± 0.7 mm to 13.5 ± 0.7 mm in comparison to gentamicin with 
26.0 ± 1.7 mm and chloramphenicol with 22.3 ± 1.2 mm) except for 
compounds 5f that showed no activity against P.aeruginosa and 5g 
against P. aeruginosa and B. subtilis. Amongst all, highest 
antibacterial activity was observed against B. subtilis for these 
compounds [80].

Poonam and group [81] synthesized and evaluated Ethyl-4-{[-(1-(2-
(4-nitrobenzoyl) hydrazono) ethyl]}-3,5-dimethyl-1H-pyrrole-2-
carboxylate. Ethyl-4-acetyl-3,5-dimetyl-1H-pyrrole-2-carboxylate 
(EADMPC), Para-Nitrobenzohydrazide (PNBHz), ethyl-4-{[-(1-(2-(4-
nitrobenzoyl)hydrazono)ethyl]}-3,5-dimethyl-1H-pyrrole-2-
carboxylate ENBHEDPC) were evaluated for the antibacterial, 
antifungal, and antituberculosis properties against S. aureus, C. 
albicans and H37Rv using MIC values. For both S.aureus and 
C.albicans, EADMPC, PNBHz and ENBHEDPC seem to show an 8-, 
4-, and 2-fold higher MIC values as compared to ceftriaxone and 
miconazole. For antituberculosis activity against H37Rv, EADMPC 
displayed almost a 14-fold higher MIC value as compared to 
ethambutol, while rest of the compounds did not show any significant 
difference in the activity.

Antiviral
A series of phenyl-1H-pyrrole-carboxamide entry inhibitors (NBD 

compounds) were synthesized using structure-based lead optimization
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for targeting at HIV-1 gp120 [82]. HIV-1 mediated cell-cell fusion 
inhibition assay for the three lead compounds (NBD-14136, 
NBD-14168, NBD-14189) was performed and compared with HIV-1 
entry inhibitor, NBD-556 as the control. Results indicated that 
NBD-14189 prevented HIV-1 mediated cell-cell fusion with an IC50 of 
9.4 ± 0.9 µM which is similar to the IC50 we detected for NBD-556 
(9.1 ± 0.8 µM). However, NBD-14168 (~15 µM) and NBD-14136 
(~28 µM) were active at slightly higher concentration than NBD-556 
and NBD-14189. Test if infectivity of Cf2 Th-CCR5 cells by CD4-
dependent HIV-1ADA indicated CC50 values of NBD-556: >60 µM; 
NBD-14136: 37.7 ± 1.7 µM; NBD-14168: >51 µM and NBD-14189: 
34 ± 1 µM, thus indicating an enhanced HIV-1 infectivity. Further, 
neutralization activity of these NBD compounds against a panel of 
HIV-1 Env pseudo viruses (selection of 56 HIV-1 clones of clinical 
isolates of different subtype including primary and transmitted and 
early founder HIV-1 isolates (NIH#11563 and 11578), and 13 
recombinant HIV-1 clones.) was done. NBD-14107 was used as
reference standard. Overall mean of the IC50s for NBD-14107 was 0.5
± 0.02 µM (IC50s in the range of 0.27 - 0.89 µM) with Selectivity
Index (SI) of 79 whereas the overall mean of the IC50s determined for 
NBD-14136 was 0.29 ± 0.01 µM (IC50s in the range of 0.14 - 0.54 
µM) and the calculated SI was 146.2, an increase of ~1.7 and 1.8 
folds, respectively. NBD-14168 showed a 2.8- fold higher value in the 
overall mean of the IC50s relative to NBD-14107 (0.18 ± 0.008 µM 
with the IC50s in the range of 0.094 - 0.35 µM) and a ~3 fold higher 
value of the SI. Finally, the overall mean of the IC50s determined for 
NBD-14189 was 0.11 ± 0.004 µM (IC50s in the range of 0.063-0.18 
µM) indicating a 4.5-fold increase as compared to NBD-14107, with 
2.5-fold higher SI.

Antiviral Polyamides (AVPs) were synthesized from method 
described in the literature [83]. The AVPs, PA1 and PA25 were tested 
for their antiviral activities against HPV16, SV40, and BKPyV at 
concentrations ranging from 1 nM to 10 µM. Both AVPs reduced viral 
copy numbers to very low levels (Ct values of 35–40), specifically at 
highest doses while eliciting an IC50's of 7 nM and 437 nM against 
BKPyV-Dun, and 1 nM and 62 nM against BKPyV-Tu, for PA25 and 
PA1, respectively. The IC50 values for PA1 against HPV16 and SV40
were 100 nM and 218 nM whereas for PA25, the values were 218 nM 
and 32 nM, respectively. The mechanism is hypothesized to be bought 
by alteration and subsequent elimination due to AVP binding to the
circular ∼7.9 kb HPV genome, which is otherwise protected from cell 
surveillance mechanisms. In another study reported by same group of 
scientists, these novel polyamide leads were studied and found to 
control and decrease the HPV episome content of keratinocytes for 
three high-risk viruses, HPV16, HPV18, and HPV31 [84]. Q-PCR 
results of HPV16 levels indicated that the single treatment with PA1
caused a dose-dependent decrease in HPV16 episome levels within the 
W12E cell-derived epithelium, with an 80% loss of viral DNA with 
highest dose of 100 µM, and 35% and 65% losses of HPV16 DNA 
from the rafts, with 10 and 50 µM doses, respectively. Polyamide 
(PA25) potently suppressed HPV18 episomes in Ker 4–18 cell 
monolayers with an IC50 of 56 ± 5 nM. Q-PCR confirmed that both 
the 1X and 2X treatments resulted in significant reductions of HPV18
episome levels of approximately 70% and 80%, respectively, with
1mM of PA25.

Mosaad and group [85] synthesized a series of novel pyrrolo [2,3-d] 
pyrimidines and pyrrolo [3,2-e][1,2,4] triazolo [4,3-c]pyrimidine 
derivatives with antiviral activity against Hepatitis C Virus (HCV). 
Five derivatives (25a-e) out of fifty-seven compounds showed 
considerable antiviral activity, causing a reduction in the virus titer of

90, 76.7, 73.3, 70, and 63.3%, respectively. SAR studies indicated that 
the 5,6-diphenyl-7-(3- or 4-chlorophenyl)pyrrolo[2,3-d]pyrimidines, 
suitably substituted at position 4 with a chlorine or an arylamino group 
(25a-c), may prove to be useful scaffold for anti-HCV agents.

Same group of researchers further reported the evaluation of these 
compounds against viral strains, Rotavirus Wa and Coxsackievirus B4 
by using molecular docking against the homology models of viral 
polymerase enzymes of these viruses. The selected compounds, 5d, 7n 
and 14c showed the highest activity against Rotavirus Wa strain, with 
80% reduction in the viral titer, whereas compounds 2d, 5d, 7b and 
14c showed the highest activity against Coxsackievirus B4, with 90%
reduction in the viral titer. This indicates that pyrrolo [2,3d]pyrimidine 
analogues exhibited significant anti-viral activity against the gastro 
enteric viruses [86].

Travis et al. evaluated GS-5734, the single Sp isomer of the 2-
ethylbutyl l-alaninate phosphoramidate prodrug, which effectively 
bypasses the rate-limiting first phosphorylation step of the Nuc (1-
cyano-substituted adenine C-nucleoside ribose analogue that exhibits 
antiviral activity against several RNA viruses). GS-5734 was 
investigated for its antiviral activity against Ebola virus. While the 
parent Nuc displayed the half-maximum effective concentration, EC50 
values of 0.77 to >20 μM, GS-5734 suppressed EBOV replication in 
multiple relevant human cell types including primary macrophages 
and human endothelial cells with EC50 values of 0.06 to 0.14 μM 
[87]. This molecule was further evaluated in a focused screening and 
lead optimization effort as 4b (GS-5734) with anti-EBOV EC50=86 
nM in macrophages as the clinical candidate [88].

Anti-proliferative
Mostafa et al reported synthesis and evaluation of novel pyrrole and 

pyrrolo [2,3-d] pyrimidine derivatives bearing sulfonamide moiety as 
anti-proliferative agents. These derivatives were tested in human liver 
and breast (HEPG2 and MCF7) cell lines using doxorubicin as 
reference drug. Evaluating the pyrrole derivatives 5, 6, 11–18 in the 
liver cell line (HEPG2), 5 and 6 showed increased activity (IC50 
=5.36 and 5.3 µM) when compared to compounds 3 and 4 (IC50=6.78 
and 6.75 µM) and they were found to be nearly as active as 
doxorubicin (IC50=5.23 µM). A further increase in the anticancer 
activity observed in compounds 14 (IC50=3.49 µM), 15 (IC50=3.75 
µM), and 16 (IC50=3.75 µM) upon substitution on the amino group at 
position 2, thus proving as the most potent compounds in this series. 
Among the pyrimidine derivatives namely 7–10, 19–24, 19 
(IC50=3.39 µM), 20 (IC50=3.15 µM), and 21 (IC50=3.49 µM) 
showed highest potency in the series. When testing these compounds 
in the breast cell line (MCF7), compounds 5 and 6 belonging to O-
amino carbonitriles displayed most potency (IC50=3.49 and 4.6 µM, 
respectively) and higher than doxorubicin (IC50=3.22 µM). In the 
pyrimidine series of derivatives, 22 (IC50=3.9 µM), 23 (IC50=3.12 
µM), and 24 (IC50=3.8 µM) were found to be most effective as 
compared to the reference drug [89].

Ultrasound-assisted bismuth nitrate-induced green synthesis of 
novel pyrrole derivatives were reported by Debasish and group [90]. 
N-substituted pyrroles were synthesized using 2,5-
dimethoxytetrahydrofuran (1) and various amines in the presence of
catalytic amounts (5 mol%) of bismuth nitrate pentahydrate under
solvent-free conditions. To evaluate the anti-proliferative activity, liver
cancer cell lines (HepG2 and Hepa1-6), colon cancer cell lines (HT-29
and Caco-2), a cervical cancer cell line (HeLa) and NIH3T3 cells were
used. Compounds 5-(1H-pyrrol-1-yl)-1,10-phenanthroline (9) and 1-
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(phenanthren-2-yl)-1H-pyrrole (10) showed good anticancer activity
as compared to cisplatin in certain cancer cell lines. Compound 9
showed an IC50 value of 3.0 ± 1.6 µM in HepG2 cells as compared to
cisplatin (7.0 µM), 3.4 ± 0.4 µM in Hepal1-6 cells than cisplatin (4.0
µM), and in NIH3T3, 2.1 ± 1.3 µM as compared to cisplatin (8.5 µM).
Compound 10 on the other hand showed high potency only in
Hepal1-6 cells with an IC50 value of 3.4 ± 0.4 µM as compared to
cisplatin (4.0 µM).

Discussion
Nishant and group investigated a molecular hybridization approach

to synthesize a series of 2,4-dimethyl-1H-pyrrole-3-carboxamide
derivatives bearing benzimidazole moiety for their anticancer
activities. NCI-60 cell lines were used to test the anti-proliferative
activity in leukemia, melanoma, lung, colon, CNS, ovarian, renal, and
prostate and breast cancer at a single dose of 10 µM. While most of
the compounds did show good anticancer activities in these cell lines,
as indicated by the Growth Percentages (GP), 5-(1H-
benzo[d]imidazol-2-yl)-N-(1-cyclohexylethyl)-2,4-dimethyl-1H-
pyrrole-3-carboxamide, 8f displayed promising anticancer activity
against many cell lines, such as MDA-MB-435 cancer cell line of
melanoma with 37.54% GP, MDA-MB-468 of breast cancer (59.76%
GP), K-562 of leukemia cancer (68.68% GP), SR of leukemia cancer
(68.98% GP), HCT-15 of colon cancer (69.0% GP), and MDA-
MB-231/ATCC of breast cancer (70.28% GP). Another most potent
compound was 8n that displayed MDA-MB-468 (70.24% GP) and
T-47D (72.93% GP) for breast cancer cell lines [91].

A series of Aroyl-Diaryl-Pyrrole (ARDAP) derivatives were
synthesized by introducing one or two amino phenyl groups at 
positions 1 and 4 in pyrrole structure [92]. These derivatives were 
evaluated for their utility in Glioblastoma Multiform (GBM) and 
Chronic Myeloid Leukemia (CML). Various cancer cell lines such as, 
U87MG and U343MG cell lines, KBM5-wt, KBM5-T315I and KU812
leukemia cell lines, and Human colon cancer SW480 and SW6220 cell 
lines were evaluated. Further inhibition of Inhibition of human 
topoisomerases I and II was also investigated for these compounds.
CSA4 was used as a reference compound yielded with IC50's in the 
0.54 - 0.73 µM range. Presence of the thiophen-3-yl (7) or pyridin-4-yl 
(22, 25) group at position 4 of the pyrrole led to potent compounds
such as 7, 22 and 25 against MCF-7 cell lines with IC50 values of 4.0, 
9.0 and 9.0 nM, respectively. Several other compounds in the series 
also showed good anti-proliferative activity such as compounds 5, 9, 
10, 12-14 and 21 with IC50 values in the 10-20 nM range, and 
compounds 3, 4, 8, 15, 20 and 24 with IC50 values in the 21-50 nM 
range, in the MCF-7 cell lines. Presence of 1-(3-methylphenyl) group 
improved the potency of the compounds with IC50's close to 20 nM 
(ARDAPs 3-6). 1-(4-Fluorophenyl) derivatives with a 4-thiophenyl or 
4-furanyl group (12-14, IC50 of 15-17 nM) or pyridin-4-yl ring
(compound 25, IC50 of 9.0 nM) also showed high potency against the
cell lines.

Alejandro and group reported two series of novel chiral 
hexahydro-2H-furo[3,2- b]pyrroles, 4-(7,8-dimethoxyquinazolin-4-yl) 
termed as series A and 4-(6,7- dimethoxyquinazolin-4-yl) termed as 
series B. These compounds were evaluated for their inhibitory activity
against phosphodiesterase 1 (PDE1) and phosphodiesterase 4 (PDE4) 
enzyme inhibitors as well as on cell proliferation in A375 melanoma 
and 3T3 fibroblast cells in vitro. It was observed that hexahydro-2H-
furo[3,2-b]pyrroles were highly effective against PDE1 isoenzyme 
than against PDE4 isoenzyme, and 18A was the most potent

compound with an IC50 of 4.7 µM against PDE1A, 2.8 µM against 
PDE1B, and 0.6 µM against PDE1C. It also displayed a potent 
inhibitory activity in A375 melanoma cells at 1 μM, and even higher 
activity at 10 μM, and highest potency with overall lower survival at 
50 μM [93-102].

Conclusion
Evaluation of heterocycles and their application in therapeutic drug 

delivery is ongoing since 1800's and is still of great interest. Based on 
the numerous research publications in the literature along with the 
existing blockbuster drugs on market containing pyrrole, it indicates 
that pyrrole is an important therapeutic moiety amongst the 
heterocycle family. While the discovery of new molecules containing 
pyrrole group is continuing, it is also crucial to conduct in-vivo studies 
of these molecules to further understand the mechanistic and 
pharmacological behavior for the potential lead molecules. Further, 
evaluating the safety and toxicity of these molecules in animals and 
humans is of utmost importance to further test their viability as 
potential drug molecule. Optimizing the molecule to fit into Lipinski’s 
rule as well as classifying under BCS category is warranted and would 
be critical in turning these leads into drug-like molecules ready for 
pharmaceutical processing. Current landscape of research towards 
pyrrole molecules provides a path for success for development of 
future blockbuster commercial products.
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