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Psoromic acid is a natural depsidone compound, often found in the lichen sources such as Usnea complanata

and Rhizoplaca melanophthalma. It was reported to have versatile antioxidative, enzyme inhibitory and

therapeutic properties. Studies on the biological activities of psoromic acid in the last decade have explored

its potential in treating diseases like cancer, tuberculosis and cardiovascular disease. The present study

extensively reviewed relevant works of literature from the sources like Scopus, Elsevier, MEDLINE-

PubMed, SpringerLink and Google Scholar. Biological activities such as antioxidant, gastroprotective effect,

cardiovascular protection, anticancer, antitumor, antiviral response and enzyme inhibition were exclusively

summarized. The proven therapeutic properties of psoromic acid suggested future clinical research in a

larger sample size for the pharmacological acceptance of its antioxidant, antimicrobial and anticancer

effects. The review may broaden the scope of knowledge of researchers to study pharmacokinetics, molecular

mechanisms, efficacy and drug safety of psoromic acid and its derivatives.
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Natural products ortheirderived compounds have been
extensively used as potential drugs in clinical trials.
Natural sources such as plants and microorganisms
provide a rich source of active ingredients of
medicines!!!. Plants and microorganisms are endowed
with various classes of molecules/metabolites, which
have been playing a dominant role in discovering and
developing effective drug ingredients for managing
most human diseases/disorders. Some metabolites
such as sulforaphane, benzoxazolinone, apratoxin,
vincristine, etoposide, topotecan and other natural
compounds having potent anticancer, antibacterial
and antioxidative properties were traced to be the
proven drugs or the derivatives of drugs used to treat
most human diseases?*. At present, pharmacological
research has been inclined towards natural herbal
supplements in managing degenerative diseases.
Many literature findings suggested the consumption
of antioxidant-rich foods of natural origin to retard
the occurrence of diseases associated with oxidative
stress, such as neurodegenerative, cancer, diabetes,
cardiovascular and Alzheimer's diseases™®. Among
the available natural sources, lichens have been
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of pharmacological importance due to their usage
as folk medicine and the discovery of new health-
beneficial metabolites!*.

Lichens are the symbiotic association between a
photobiont (an inhabitant) comprising an algae or
a cyanobacterium and a fungal partner mycobiont
(an exhabitant). Even in some lichen species,
particular yeast was reported as another symbiont!”?].
They are found in their natural habitats but often
adapted to extreme environments and produce
characteristic secondary metabolites because of
the symbiotic nature of organisms. Lichens have
been used in different folk medicines as antibiotics,
antiasthmatics, anticonvulsives, astringents and anti-
inflammatories. Several classes of lichen metabolites
have been also reported for the treatment of
respiratory and gastric disorders and have therapeutic
potential”!%, Lichens have their own morphological
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and physiological characteristics different from the
algal and fungal constituents and, thus, are capable
of producing new metabolites as therapeutic agents
against various diseases!'!l. Depsides, depsidones,
depsones, dibenzofurans and chromones are the
most common compounds isolated from lichens!'?.
Different lichen extracts were shown to have
antioxidative and antibacterial characteristics and
are endowed with many bioactive health-beneficial
metabolites. The isolation and biological evaluation
of such metabolites have become a major area of
natural product research in the last few decades!'>!4.
Psoromic acid, a natural depsidone class compound,
is often found in lichens such as Usnea complanata
and Rhizoplaca melanophthalma. It possesses
versatile antioxidative, enzyme inhibitory and
other therapeutic properties!!>!%l. Psoromic acid is
a depsidone class compound having a carboxylic
acid (C.') and an aldehyde group (C,) attached to
aromatic rings 2 and 1, respectively (fig. 1). Phenolic
compounds are exclusively produced in lichens,
apart from plant sources and other organisms. The
structural diversity of phenolics is associated with
many beneficial biological and pharmacological
properties. Many research findings suggest that
psoromic acid could be a candidate molecule for
further pharmaceutical safety and efficacy studies in
managing diseases like cancer, tumor, cardiovascular

o

Fig. 1: Structure psoromic acid

Fig. 2: Biological properties of psoromic acid
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disease, tuberculosis and oxidative stress!!*!7181. The
present review aims to make a synopsis of all the
major research works on biological activities (fig.
2) and therapeutic studies of psoromic acid in the
last decade. Such a synopsis may make a suitable
platform for researchers to include the small molecule
psoromic acid and its derivatives for further studies
on infectious and chronic diseases and establish its
structure-activity relationships.

For review purposes, the internet sources such as
Scopus, Elsevier, MEDLINE-PubMed, SpringerLink
and Google Scholar were used to search for
relevant information and pieces of literature. The
databases were extensively searched for significant
experimental works and studies on the biological
activities of psoromic acid reported till June
2021. The keywords such as 'biological activities',
'anticancer', 'antioxidative', 'antibacterial’, 'enzyme
inhibiting potential', 'antiviral' and 'Rab-Prenylation
inhibition', were searched by combining them with
'psoromic acid' in the above search engines. The
works of literature concerning the biological studies
and therapeutic potentials were reviewed to outline
the effectiveness of psoromic acid as a lead molecule
in controlling the biomolecules responsible for the
occurrence of diseases such as tuberculosis, cancer,
tumor and cardiovascular diseases.
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ANTIOXIDATIVE AND CARDIOVASCULAR

PROTECTING ACTIVITIES
Behera er al. studied the antioxidative and
cardiovascular properties of wusnic acid and

psoromic acid, which were isolated from lichen
Usnea complanata". The antioxidant assays were
performedusing cultured lichen extract, usnic acid and
psoromic acid. The purified compounds usnic acid and
psoromic acid efficiently inhibited lipid peroxidation
and showed significant scavenging activity against
free radicals (2,2-Diphenylpicrylhydrazyl (DPPH)
and Nitric Oxide (NO) radicals) in different
antioxidant assays. Psoromic acid inhibited free
radical, nitric oxide radical and lipid peroxidation
with half maximal Inhibitory Concentration (IC,))
values 0.271, 0.21 and 0.174 mg/ml respectively
which is comparable to that of usnic acid which
showed inhibition with IC,  values 0.195, 0.188
and 0.214 mg/ml respectively. The standard BHA
showed inhibition with IC,~0.031, 0.04 and
0.037 respectively. The cardiovascular protective
activity was measured in terms of B-Hydroxy-p-
Methylglutaryl Coenzyme A (HMG-CoA) Reductase
(HMGR) and Angiotensin-Converting Enzyme
(ACE) inhibitions and fibrinolytic activity. HMGR
catalyses endogenous cholesterol synthesis through
reductive deacylation of HMG-CoA to mevalonate.
The increased blood cholesterol levels may lead to
coronary heart disease or hyperlipidemia. Therefore,
controlling the action of HMGR is very important
to hyperlipidemia prevention. The results showed
that usnic acid and psoromic acid exhibited a non-
competitive and competitive type HMGR inhibition
respectively. The ACE was also inhibited by usnic
acid and psoromic acid with un-competitive and
mixed type inhibition respectively. Psoromic acid
showed a very poor zone of hydrolysis of fibrinogen
(0.8 cm? at 100 ug) compared to the positive control
plasmin which showed hydrolysis of fibrinogen
l.6cm?at 12.5 pg.

Recent work of literature also found psoromic acid
as a phytochemical in the Canna indica rhizome
extract!®. The acetone extract of the rhizome
exhibited scavenging activity against DPPH radical,
2,2'-Azino-Bis-3-ethylbenzthiazoline-6-Sulphonic
acid (ABTS) cation radical and superoxide anion
radical with IC, values 21, 23 and 170 pg/ml,
respectively compared to one of the positive controls
BHA which inhibited those radicals with IC, 7,
12 and 164 pg/ml respectively. Further, the extract
showed biomolecular protection activities. The
extract was found to have psoromic acid as one of the
major components analyzed through High Resolution
Liquid Chromatograph tandem Mass Spectrometery
(HRLC-MS/MS). Psoromic acid was also studied
among other phenolic natural compounds for its
o-amylase and oa-glycosidase inhibition potential
in in vitro enzyme inhibition assays envisaging its
possible role as an antidiabetic agent!'. Honda et al.
worked on the radical scavenging potential of nine
different lichen-derived metabolites®. Psoromic
acid was isolated from lichen Urobatis jamaicensis.
The compound was characterized and studied for
DPPH radical-scavenging activity. Psoromic acid
recorded scavenging activity of half maximal
Effective Concentration (EC ) 17.36 mM against
0.1 mM DPPH and showed comparable results with
other lichen metabolites such as salazinic acid,
hypostictic acid and lichexanthone. Like quercetin
and chlorogenic acid, psoromic acid has good
bioavailability and polyphenolic structure???l. The
antioxidant properties of psoromic acid may lead
to its potential applications in nutraceuticals and
drug formulations. Further preclinical and clinical
studies are necessary for psoromic acid to explore
its efficacy and pharmaceutical applications. All the
reported biological activities (Table 1) of psoromic
acid reveal it as a potential multifunctional drug
candidate.

TABLE 1: REPORTED BIOLOGICAL ACTIVITIES AND THERAPEUTIC POTENTIALS OF PSOROMIC ACID

Biological function/activities Results/mechanism of action References
API values 21 and 28 for Caspase-3 activation and DNA fragmentation,

) o respectively (Better activity compared to many tested depsides and
Apoptotic activities in depsidones) [
hepatocytes o . .

Cytotoxicity (IC,;: 11 pg/mlin 24 h) assessed by LDH release is lower than
tested depside compounds
September-October 2023 Indian Journal of Pharmaceutical Sciences 1200



Antioxidative properties

Cardiovascular protection
concerning inhibition of
HMGR and ACE

Antibacterial activity

Antitumor potential

(Treatment of Glioblastoma
Multiforme (GBM))

Antiviral properties

(Inhibitory activity against
HSV-1, HSV-2 and HSV-1 DNA
polymerase)

Selective inhibition of
RabGGTase (Anticancer
potential)

a-amylase and a-glucosidase
inhibition activity

Gastroprotective activity

Antiparasitic activities

Antimycobacterial activities
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Radical scavenging activities with IC,; 0.271, 0.21 and 0.174 mg/ml in
terms of FRSA, NORSA and LPI activity respectively (Moderate activities
compared to the standard:BHA)

EC,, 17.36 mM against 0.1mM DPPH (Moderate activity compared to other
depsidones) standard:gallic acid

Inhibition of ACE: Mixed type

Inhibition of HMGR: Competitive type

Antibacterial activity (MIC 11.72 and 5.86 pg/ml) against S. gordonii (MBC
3000 pg/ml) and P. gingivalis (MBC 11.72 pg/ml) respectively

Strongest activity among the studied lichen-derived compounds

Psoromic acid inhibited PRCC cells with IC,, 79.40 mg/l (better activity
than olivetoric acid and physodic acid)

Inhibition of U87MG cells with IC,; 56.22 mg/l (comparable activity with
olivetoric acid)

High inhibition of HSV-1 (IC,: 1.9uM) and HSV-2 (EC,, 2.7uM)

Better activity compared to the standard drug: Acyclovir
Competitive inhibition of HSV-1 DNA polymerase with IC50: 0.7pM.

Better activity compared to the reference drugs aphidicolin and acyclovir
triphosphate

Strong inhibition of RabGGTase (400 nM) with IC.; 1.4 pM
Selective inhibition of RabGGTase over FTase and GGTase-I
Competitive type of inhibition of RabGGTase

Depsidones having psoromic acid core structure also displayed appreciable
inhibitory activity

IC,, 416.96 nM and 443.11 nM for inhibition of a-amylase and
a-glucosidase respectively (Comparable activity with usnic acid)

Psoromic acid dose of 30 mg/kg induces 65 % inhibition of gastric lesion
index in HCl/ethanol-induced gastric lesions in mice

Comparable result with the standard: lansoprazole

Inhibition (IC,; 31.6 uM) of liver stage parasites of P. berghei (Moderate
activity compared to usnic acid)

Inhibition of plasmodial FAS-1l enzymes PfFabl, PfFabG and PfFabZ with
IC,, 71.4, 183 and 35.2 pM respectively

Glutathione-S-transferase inhibition by psoromic acid (IC,, 16.90 uM)
Comparable activity with usnic acid

Inhibition of nine strains of M. tuberculosis with psoromic acid MIC range
3.2 to 4.1 uM and selectivity indices ranging between 18.3 and 23.4

Comparable activity with the standard drug:Isoniazid

85.8 % inhibition of UGM at 20 mM psoromic acid Comparable result with
the standard:UDP

Inhibition of TBNAT with IC,, 8.7uM psoromic acid

Comparable result with the standard drug:Isoniazid

Inhibition activity (MIC 122.9 pyM) against M. tuberculosis (Moderate
activity compared to usnic acid)
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Antiviral response against
cytomegalovirus (MCMV-GFP)

Pre-mRNA splicing inhibition

Strong inhibition of MCMV-GFP
Better potential than 25-hydroxycholesterol

[331

IC,,: 56 pM for inhibition of pre-mRNA splicing 171

Comparable activity with norstictic acid

GASTROPROTECTIVE ACTIVITIES

Sepulveda et al. worked on the effectiveness of
selected lichen metabolites for gastroprotective
activities!®)]. The compounds such as lobaric acid,
atranorin, psoromic acid, variolaric acid, diffractaic
acid and perlatolic acid were extracted from different
lichen species and studied for their action to prevent
gastric ulcers on the HCl/ethanol-induced gastric
lesion model mice. In the experiment, the above six
lichen compounds were orally administered to the
mice groups at the time of gastric lesion induction.
Lansoprazole and Tween 80 were taken as the
positive and negative control, respectively. Potential
reduction in the gastric lesions was observed by
lobaric acid (76 % inhibition), psoromic acid (65
% inhibition) atranorin (63 % inhibition) at 30
mg/kg. The lesion index for the three compounds
was observed to be 8.42, 12.86 and 13.57 mm
respectively. Their activities were comparable to
positive control lansoprazole (69 % inhibition, lesion
index: 11.14 mm). HCl/ethanol causes hemorrhages,
acute tissue damage, oxidative damage, generation
of ROS and other complications??*. Thus, by
inhibiting those effects, the lichen metabolites
envisaged an important pharmaceutical application.
The gastric lesion inhibition activity by psoromic
acid was found to have comparable results with
metabolites such as epitaondiol, sargaol, quercetin,
rutin, chalcone compounds and other flavonoid
compounds studied earlier2%!, The gastroprotective
activities of flavonoids were linked with the
antioxidant properties (inhibition lipid peroxidation,
enhancement of superoxide dismutase activities and
reduction of protein carbonyl compounds)*! Hence
the antioxidant character of the molecule psoromic
acid could promote the healing of gastric ulceration.

ANTIBACTERIAL ACTIVITIES

As bacterial resistance has been reducing the effect
of many antibiotics, searching for a new class
of compounds of natural origin with combined
effects of antioxidant and antibacterial properties is
challenging these days. Many flavonoid compounds
and their synthetic derivatives have been studied
to have antibacterial activities?”?*]. However, the

September-October 2023
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search of a new class of natural compounds is
still an ongoing research interest. Sweidan et al.
worked on several depsidone compounds for their
antibacterial properties!'*. Psoromic acid, extracted
from lichen Squamarina cartilaginea, showed the
best result with the lowest Minimum Inhibitory
Concentration (MIC) of 11.72 and 5.86 pg/ml against
the bacteria Streptococcus gordonii DL1 (Minimum
Bactericidal Concentration (MBC) 3000 pg/ml) and
Porphyromonas gingivalis ATCC 33277 (MBC 11.72
ug/ml) respectively. The results revealed psoromic
acid as a potential new candidate molecule among
the other lichen metabolites against oral pathogens
without cytotoxicity against gingival epithelial
carcinoma cells. Psoromic acid showed significant
antibacterial activity, indicating the importance of
lichen metabolites in designing potential analogous

compounds against multidrug-resistant bacteria.

ANTIPARASITIC ACTIVITIES

The anti-plasmodial activity and prophylactic
potential were reported for few lichen metabolites.
Lauinger et al. studied four lichen metabolites such as
evernic acid, vulpic acid, psoromic acid, and (+)-usnic
acid against the liver stage of the malaria parasite
of Plasmodium berghei (P. berghei) and selected
pathogens (Staphylococcus aureus, Escherichia coli,
and Mycobacterium tuberculosis (M. tuberculosis))
291, The lichen metabolites usnic acid and psoromic
acid recorded high malaria prophylactic potential.
Usnic acid showed the highest liver stage activity
and stage specificity, followed by psoromic acid.
Psoromic acid significantly inhibited (IC,, 31.6
Mm) liver-stage parasites of P. berghei and showed
strong inhibition of Plasmodial FAS-II Enzymes and
M. tuberculosis (Table 1). The significant in vitro
glutathione-S-transferase inhibition by psoromic
acid (IC,; 16.90 uM) among other natural antioxidant
compounds was reported, which revealed the

molecule as a potential antiparasitic agent('?).

ANTIMYCOBACTERIAL ACTIVITIES

The antimycobacterial study by Hassan et al. reported
the effect of psoromic acid on M. tuberculosis
strains which affects alveolar macrophages leading
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to tuberculosis!'”l. Nine strains of M. tuberculosis
were tested with psoromic acid and another
standard drug isoniazid. The results showed that
the antimycobacterial activity (in terms of MIC)
of psoromic acid was in the range 3.2 to 4.1 Mm
(selectivity indices range 18.3-23.4) whereas that
for the isoniazid was in the range 5.4 to 5.8 Mm
(selectivity indices range 13.0-13.9). Psoromic
acid lowered the MIC significantly and showed and
no cytotoxicity up to 75 mM on the human liver
hepatocellular carcinoma cell line. Further, in the
antimycobacterial experiment, the target enzymes
for inhibition studies were Uridine-5’-Diphosphate
(UDP)-Galactopyranose ~ Mutase (UGM) and
arylamine-N-acetyltransferase (TBNAT). Psoromic
acid at 20 mM exhibited 85.8 % anti-UGM activity
compared to 99.3 % inhibition by the standard
inhibitor UDP. As a profound UGM inhibitor,
psoromic acid can significantly block mycobacterial
growth. Psoromic acid also inhibited TBNAT with
IC,, value 8.7 uM (77.4 % inhibition), showing
comparable results with the standard isoniazid (IC,
6.2 uM and 96.3 % inhibition). In molecular docking
studies (Autodock VINA software) with UGM (PDB
code: 4RPJ) active sites, the docking scores (binding
affinities) for psoromic acid and UDP were -7.4 and
-6.2 kcal/mol, respectively. The binding affinity of
psoromic acid with the active pocket of TBNAT
(PDB code: 4BGF) was found to be -7.6 kcal/mol.
The docking study showed significant H-bonding in
the active pockets of UGM and TBNAT. Both the
enzymes were significantly inhibited by psoromic
acid and the molecular docking result supported
the interaction mechanism, the psoromic acid may
be considered as a potential inhibitor to target M.
tuberculosis. It could be a better alternative to drugs
such as isoniazid, dapsone and sulfamethazine.

ANTIVIRAL ACTIVITIES

The Herpes Simplex Virus type 1 (HSV-1) is
associated with facial infection and encephalitis,
whereas HSV type-2 (HSV-2) can cause genital
infection®”. HSV is involved in many ocular diseases,
such as endotheliitis, neurotrophic keratopathy, and
stromal keratitis. HSV enters the host's nerve cells
and affects the cell during the immunity deficiency.
In this context, the Herpesvirus Deoxyribonucleic
Acid (DNA) polymerases, which have a significant
role during the viral replication cycle, have been
recognized as the primary targets for antiherpetic
drug development!. The commercially available
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drug acyclovir and other related nucleoside analogs
are being used to target HSV DNA polymerases.
However, the acyclovir-resistant HSV has been
noticed, particularly among bone marrow transplant
patients and human immunodeficiency virus
patients!'®*%, The natural compounds having a lower
occurrence of resistance and lower adverse effects are
of increasing interest for controlling HSV growth.

Hassan et al., studied the antiviral properties of
psoromic acid by experimenting with its inhibitory
potential against HSV-1 and HSV-2, and HSV-1
DNA polymerase!'®. A plaque reduction assay was
performed with infected Vero cells with HSV-1.
Psoromic acid showed higher anti-HSV-1 activity
(IC,;: 1.9 uM) with a selectivity index of 163.2
compared to the drug acyclovir (IC,: 2.6 uM and
selectivity index 119.2). Psoromic acid when
combined with acyclovir even showed the most
potent antiviral activity against HSV-1 (IC_: 1.1 uM
and selectivity index 281.8). The antiviral activity of
psoromic acid against HSV-2 was tested through the
titer reduction (cytopathic end-point assay) method
with HSV-2 infected in Vero cells. Psoromic acid
inhibited HSV-2 with EC_ 2.7 uM and a selectivity
index 114.8 whereas the drug acyclovir exhibited
EC,, 2.8 uM and a selectivity index 110.7. Even the
anti-HSV-2 activity enhanced when psoromic acid
was combined with acyclovir (EC,: 1.8 uM and
selectivity index 172.2). Psoromic acid competitively
inhibited HSV-1 DNA polymerase with IC_: 0.7
UM and showed better inhibition potential than the
standard inhibitors aphidicolin (IC,: 0.8 uM) and
acyclovir triphosphate (IC,: 0.9 uM). In this study,
psoromic acid was found to have low cytotoxicity
and remarkable antiherpetic activities.

Blanc et al.®¥ studied the antiviral response of
25-hydroxycholesterol in an experiment where
psoromic acid was also used as a control. Psoromic
acid was tested to have a high antiviral response
against the murine cytomegalovirus (MCMV-GFP) as
itinhibited the viral growth infection with more potent
than the human metabolite 25-hydroxycholesterol.
Many studies reported the antiviral effects of
naturally occurring metabolites such as apigenin,
luteolin, quercetin, catechin derivatives, kaempferol
and rutin against a range of viruses?®*. But efficacy
and bioavailability of the antiviral agents in the
human body need to be enhanced. As psoromic acid
was found to have shown better results than the
standard in certain cases, its efficacy needs to be
tested in next-level preclinical experiments.
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ANTICANCER
ACTIVITIES

Emsen et al., studied the in vitro action of lichen-
derived metabolites such as olivetoric acid, physodic
acid and psoromic acid on high-grade glioma tumors,
Glioblastoma Multiforme (GBM) cell lines and
Primary Rat Cerebral Cortex (PRCC) cells!™!. As
GBM occurs in the nervous system and is a grade
IV tumor, it affects the central nervous system
resulting in headaches, dizziness, speech disorders,
loss of sensation and visual disturbances**®. The
search for natural or plant-based products having a
therapeutic role is the major challenge in treating
diseases to avoid the side effects of chemotherapy
and radiotherapy!!®!. Psoromic acid was extracted
from lichen Rhizoplaca melanophthalma. The lichen
Pseudevernia furfuracea (L.) was the source for the
isolation of olivetoric acid and physodic acid. All
these metabolites were tested for their biological
activities on human brain GBM cell line US7MG
and PRCC cells from rats. Physodic acid showed
the highest total antioxidant activity in PRCC cells
followed by psoromic acid, whereas psoromic acid
showed the highest total antioxidant activity in
the US7MG cell line. Olivetoric acid showed the
highest cytotoxic activity and highest oxidative DNA
damage in US7MG cells. All three metabolites have
almost the same genotoxicity effect on the PRCC
cells. However, psoromic acid exhibited the highest
antiproliferative activity on PRCC cells (IC,, 79.40
mg/l). It also inhibited U87TMG cells (IC,, 56.22
mg/l), indicating its better overall activities compared
to the other two metabolites olivetoric acid (IC,,
125.71 and 17.55 mg/l for two cells, respectively)
and physodic acid (IC,; 698.19 and 410.72 mg/l
for two cells respectively). The total oxidant status
of both cells was decreased after treatment with
all three metabolites, wherein psoromic acid had a
pronounced effect on PRCC cells. The cytotoxicity
and genotoxicity effects of all three metabolites were
concentration-dependent. The binary correlation
analysis showed decreased viable cell numbers in
both PRCC and U87MG cells after treatment of
the three lichen-derived metabolites, but the effects
of olivetoric acid and psoromic acid were more
pronounced. The apoptotic effect of psoromic acid
along with many other lichen-derived depsides and
depsidones was analyzed by Correche ef al. in terms
of caspase-3 activation and DNA fragmentation
analysis!'l.  Psoromic acid showed Apoptotic
Potential Index (API) 21 and 28 for Caspase-3

AND ANTITUMOR
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activation and DNA fragmentation respectively at
an effective cytotoxic concentration 10 pg/ml (Table
1). The significant apoptotic activities shown by
psoromic acid were comparable with other tested
lichen metabolites such as salazinic acid and stictic
acid. Along with a good apoptotic effect, psoromic
acid also showed low cytotoxicity when analyzed in
terms of the Lactate Dehydrogenase (LDH) release
from the hepatocytes (Table 1).

Misregulation or disruption of alternative
and constitutive splicing can cause cancer,
neurodegenerative and autoimmune diseases in
humans. Samatov et a/. studied the lichen secondary
metabolite psoromic acid in an in vitro high-
throughput splicing assay using HelLa nuclear
extractl*”l. They reported psoromic acid as a small
molecule pre-m-RNA splicing inhibitor with IC, 56
UM, having comparable results with norstictic acid
(IC,, 28 uM )Pl Complete inhibition of splicing
was observed at 250 mM psoromic acid and 100 mM
norstictic acid. It was reported that the 3-aldehyde
group and 4-hydroxy group positions in psoromic acid
favored inhibition activities. The structural feature
of psoromic acid is envisaged to be the framework
for synthesizing many derivative compounds for
studying inhibitory activities, and their mechanistic
interactions.

The natural compound luteolin has been extensively
reported for its apoptosis activity and cell cycle arrest
in various cancer cells, which again has advanced its
anticancer studies at the molecular level as well as in
encapsulated nanoparticle form!***°!, The antioxidant
and apoptotic activity of psoromic acid may lead
to its anti-carcinogenic effect due to phenolic and
depsidone core structure, in a similar approach as of
the studied bioactive flavonoids. The polyphenolic
nature and health-beneficial properties of psoromic
acid could be advantageous for further clinical
studies following other polyphenols like curcumin,
indole-3-carbinol, 3,3-diindolymethane and tea
polyphenols, which have been in clinical trials for
safety and efficacy in preventing cancert?.

INHIBITION OF Rab GERANYLGERANYL
TRANSFERASE (RabGGTase):

RabGGTase is the protein that mediate the prenylation
of Rab proteins. Rab GTPases are such enzymes
that regulate specific intracellular membrane
trafficking and recruit specific effector proteins that
are responsible for vesicular transport. However,
they do not contain a specific recognition sequence
1204
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for prenylation. Prenylation of geranylgeranyl
isoprenoids to Rab GTPases is necessary for its
effective function*!!. The prenylation is mediated
by RabGGTase. Overexpression of RabGGTase
and a few other Rab proteins like Rab25 has
been reported in several cancer types and genetic
diseases. Prenylation is essential for the function
of many oncogenic Rab proteins and therefore, the
catalytic enzyme could be a target for drug design
and development!'842), Recent works of literature
have shown that apoptosis induction in tumor cells
occurs due to the inhibition of RabGGTase. Thus,
the enzyme can be a potential target for cancer
chemotherapy. Phosphonocarboxylate, a specific
RabGGTase inhibitor, has been a lead drug molecule
for antitumor therapy and treatment of thrombotic
disorders and osteoporosis. As RabGGTase has
structural and functional similarities with many other
protein prenyltransferases, developing RabGGTase
inhibitors has been a great challenge!]. A potent and
selective RabGGTase inhibitor could be a possible
drug candidate.

Deraeve et al. studied in vitro prenylation of Rab
protein and Sodium Dodecyl-Sulfate Polyacrylamide
Gel Electrophoresis (SDS-PAGE) assay to evaluate
the selectivity of psoromic acid as an inhibitor of
RabGGTase and other related enzymes!'®. NBD-
Farnesyl Pyrophosphate (NBD-FPP), a fluorescent
analog of the lipid substrate geranylgeranyl
pyrophosphate was prenylated to Rab protein
and was detected by the change of fluorescence.
Competitive type inhibition of RabGGTase was
observed by psoromic acid inhibitor as recorded
in the fluorometric assay. Psoromic acid inhibited
RabGGTase (400 Nm) with IC,j 1.4 Mm selectively
over other enzymes Ftase and GGTase-I. Though
many structural analogs of psoromic acid were
synthesized by changing different substituents to
test the inhibition activities, none were as potent
as the psoromic acid. The in silico molecular
docking study of a complex of psoromic acid and
apo-RabGGTase (PDB Id: 1DCE) showed that
psoromic acid covalently bonded to the N-terminal
amine of the RabGGTase a subunit and associated
with the lipid-binding site. The major hydrophobic
interactions were of the two phenyl rings with the
residues fTrp244 and fPhe289. The docking results
led to a proposed drug model of a minimal structure
of depsidone core and a 3-hydroxyl and 4-aldehyde
motif for selective inhibition of RabGGTase.
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Synthetic compounds such as phosphonopropionate
derivatives, phosphonocarboxylates were reported to
have inhibited the prenylation of RabGGTasel***4.
A peptide-based synthetic RabGGTase inhibitor
was also studied to have shown selective interaction
with the enzyme!*l. By looking at the natural origin
compounds, significant development has been made
using the small molecule psoromic acid. Hence
studies on the efficacy of psoromic acid in selective
inhibition of RabGGTase prenylation need further
preclinical and clinical research.

CONCLUSION

From the works of relevant literature, it was
found that psoromic acid has high antioxidant
and radical scavenging activities that may lead to
its protective effect on cardiovascular and other
physiological components. It has shown a significant
gastroprotective effect in HCl/ethanol-induced mice.
The depsidone core structure may have a pivotal role
in its beneficial bioactivities. Significant inhibition
of UGM, TBNAT, HGMR, ACE and M. tuberculosis
indicated its effectiveness against tuberculosis
disease. The antiviral properties were produced by
inhibiting the herpes simplex virus and MCMV-
GFP. Most significantly, psoromic acid as a small
molecule inhibitor of RabGGTase among the reported
inhibitors, could be the best candidate molecule for
the study of cancer chemotherapy due to its natural
origin. The potent antitumor activity through the
inhibition of PRCC and U87MG cells, apoptotic
activities, inhibition of pre-mRNA splicing and
selective inhibition of RabGGTase suggested further
research on mechanisms of action of psoromic acid
core structure and for the synthesis and designing
of safe and effective anticancer drugs. Further
pharmacokinetic and in vivo studies with clinical
phenotypes may pave the way for pharmacological
and medicinal acceptance of psoromic acid as a

potential antimicrobial and anticancer drug molecule.
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