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Porifera, commonly referred to as marine sponges, are acknowledged as major producers of marine natural products
(MNPs). Sponges of the genus Phorbas have attracted much attention over the years. They are widespread in all
continents, and several structurally unique bioactive compounds have been identified from this species.
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| 1. Introduction

Biodiversity of marine organisms that reflects on their rich chemical diversity is an important source of novel drug-lead
skeletons. Sponges, among other organisms, are one of the main sources of novel skeletons as well as of lead
compounds 2 promising remedies in drug discovery B4 and biotechnological applications. Even if the origin of
sponge-derived compounds is still under debate, a growing body of evidence suggests that many marine natural products
(MNPs) are produced by microorganisms associated with the sponge B8 In fact, multicellular organisms, such as
sponges, are now defined as “holobionts”, i.e., an association between the host and its microorganism community.
Therefore, studies performed on sponge organic extracts are actually categorized as studies on holobiont organic extracts
[, One of the most common classes of sponge-symbionts is cyanobacteria, known as the real producer of some classes
of secondary metabolites, specially cyanotoxins [EI[RIL9].

Chemical diversity coming from marine sponges may still drive drug discovery research LUR2I3] The genus Phorbas is a
suitable example to illustrate this point. Phorbas-derived natural products discovered so far include compounds belonging
to four main classes: alkaloids, macrolides, steroids, and terpenoids. Many of them possess unique structures that might
play an important role in biotechnological and pharmaceutical applications.

The genus Phorbas belongs to the class Demospongiae, order Poecilosclerida, family Hymedesmiidae 24, and is the
most representative among the 10 accepted genera, which also includes Hamigera, Acanthancora, and Hemimycale 13
[6IL7IIA8] - phorpas stands out not only in the number of isolated MNPs, but also in the large number of bioactive
compounds, mainly displaying cytotoxic activity 19, These sponges are widespread and are present on all continents,
including Antarctica (Figure 1) 29,

Figure 1. Global distribution of sponges of the genus Phorbas and their bioactive metabolites, allowing visualization of the
wide distribution of sponges of this genus across all continents, even in the presence of different biotic and abiotic factors.
Many metabolites of the same class are found in species collected from different locations. Original world map image



February 2021).

| 2. Bioactivity of Compounds Isolated from Sponges of the Genus Phorbas

The oceans are places on the Earth containing a wide spectrum of natural resources. The advent of new technologies
allowed for profound study of marine biochemical diversity and the discovery of new bioactive marine natural products
(MNPs). The complex habitats and exposure to extreme conditions of light, temperature, pH, salinity, and other external
factors induce marine organisms to produce a wide variety of specific and potent active substances that cannot be found
elsewhere [Z1. The genus Phorbas, as well as several other sponges found in the aquatic environment, is a rich source of
bioactive natural products such as alkaloids, terpenes, macrolides, steroids, and peptides.

Among the bioactivities described for compounds identified from the genus Phorbas, the cytotoxic activity (Table 1)
stands out. However, other bioactivities (Table 2) have been reported. Bioactivity evaluation of pure compounds is often
hampered by the low quantity that can be obtained from the natural source. Indeed, some compounds have been
evaluated for their pharmacological properties only after being obtained on a larger scale by chemical synthesis.

Table 1. List of MNPs isolated from Phorbas sp. having antiproliferative activity.

Name Class Species Cell Lines Dose/Concentration Reference
13 Zarzissine Alkaloid Phorbas P-388 2 ICso 12 pg/mL [22]
tenacior
KB" IC50 5 pg/mL
NSCLC-N6 © ICs50 10 pg/mL
17 Phorboxazole A Macrolide Phorbas sp. HCT-116 ¢ Gls 4.36 x 10710 M 2
HT29 ¢ Glsp 3.31 x 1070 M
19 Muironolide A Macrolide Phorbas sp. HCT-116 ¢ I1C50 96.5 pg/mL (24
20 Phorbaside A Macrolide Phorbas sp. HCT-116 ¢ ICs5 30.0 UM [25]
22 Phorbaside C Macrolide Phorbas sp. HCT-116 ¢ ICs0 2 UM 25
23 Phorbaside D Macrolide Phorbas sp. HCT-116 ¢ IC5 61.9 UM (291
24 Phorbaside E Macrolide Phorbas sp. HCT-116 ¢ IC50 10.2 M 29
29 Phorbasterone A Steroid Phorbas HCT-116 ¢ ICs50 1-3 pg/mL [261[27]
amaranthus
30 Phorbasterone B Steroid Phorbas HCT-116 ¢ ICs0 1-3 pg/mL [261(27]
amaranthus
31-32 Phorbasterone C Steroid a:g;r’?;sus HCT-116 ¢ ICs0 1-3 pg/mL (2810271
33-34 Phorbasterone D Steroid an’:g:::;‘isus HCT-116 ¢ 1C50 1-3 pg/mL 261271
45 Phorbaketal A Sesterterpenoid Phorbas sp. A549 ¢ ICsp 11-12 pg mL™! [28]29]
HT-29 ¢ ICs0 11-12 pg mL™*
HepG2 © ICsp 11-12 pg mL™*
46 Phorbaketal B Sesterterpenoid  Phorbas sp. A549 © ICso 12-460 pg/mL (28129
HT-29 9 IC5o 12-460 pg/mL
HepG2 ¢ IC5q 12-460 pg/mL
47 Phorbaketal C Sesterterpenoid Phorbas sp. A549 °© IC59 12-460 pg/mL [281129]
HT-29 ¢ IC5o 12-460 pg/mL

HepG2 © IC5q 12-460 pg/mL
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Phorbaketal N

Isosuberitenone B

19-episuberitenone B

Phorbasin B

Phorbasin C

Phorbasin E

Gagunin A
Gagunin B
Gagunin C
Gagunin D
Gagunin E
Gagunin F
Gagunin G
Gagunin H
Gagunin |
Gagunin J
Gagunin K
Gagunin L
Gagunin M
Gagunin N
Gagunin O
Gagunin P

Gagunin Q

Gukulenin A

Species

Sesterterpenoid
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Cell Lines
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Phorbas sp.
Phorbas sp.
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DoselConcentration

HT-29 ¢
PANC-1f
A498 9

ACHN ¢

A549 ¢

HT-29 ¢
HepG2 ©

MCF-7 "
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HT-29 ¢
HepG2 ©
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HT-29 ¢
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K-562 2
K-562 2
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K-562 2
K-562 2
K-562 2
K-562 2
K-562 2
K-562 2
K-562 2
K-562 2

K-562 2

HCT-116 ¢

FaDu®

Reference
LGgo 5-15 uM
IC50 11.4 pM
IC50 18.7 pM

LCso 24.4 uM

|C50 8.8 |.IM

|C50 9.0 HM
ICso 7.4 M

IC50 8.8 HM

ICs50 5.1 |,IM

ICs 6.4 UM
IC50 5.0 uM
ICs0 5.1 UM
LGsp 5-15 pM
LGso 5-15 pM
LGsp 5-15 pM
LGgp 5-15 pM
LGsp 5-15 pM
LGsgo 5-15 M
LCso 50.1 pg/mL
LCsp 10.4 pg/mL
LCs 0.71 pg/mL
LCsp 0.13 pg/mL
LCs 0.03 pg/mL
LCsp 0.11 pg/mL
LCsp 2.0 pg/mL
LCs 10.0 pg/mL
LCso 11.5 pg/mL
LCsp 9.1 pg/mL
LCso 17.5 pg/mL
LCs 12.5 pg/mL
LCsp 0.71 pg/mL
LCs > 50 pg/mL
LCs 11.1 pg/mL
LCsp 8.5 pg/mL

LCgo > 50 pg/mL

|Cso 62 nM

ICso 57 nM
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Name Class
119 Gukulenin B
123 Gukulenin F

Species

tetraterpenoid

Tetraterpenoid

Cell Lines

Phorbas
gukulensis

Phorbas
gukulensis

DoselConcentration

SN12C 9
MKN45 |
TOVG-21G '
OVCAR-3'
A2780

sKov3'

HCT-116 4

A2780°
FaDu ?
SN12c ¢

MKN45 i

K-562 2

FaDu®
SN12C ¢

MKN45 i

Reference

ICs0 92 NM
ICs 0.13 NM
ICs0 0.04 uM
ICs 0.13 uM
[36]

IC50 0.03 HM

ICs0 0.36 UM

ICs0 0.55 uM 25

ICsp 0.63 UM
IC50 0.61 HM

IC5 0.72 uM
LCso 0.4 pM =5

ICsp 0.63 UM
|C50 0.61 I.IM

ICs 0.72 uM

a leukemia; P pharynx carcinoma; € lung carcinoma; 9 colon carcinoma; € liver carcinoma; f pancreas carcinoma; ¢ kidney

carcinoma; " breast carcinoma; | ovarian cancer; ! gastric cancer.
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Table 2. List of MNPs originated from Phorbas with biological activities.

Class

Anchinopeptolide A

Anchinopeptolide B

Anchinopeptolide C

Anchinopeptolide D

Zarzissine

p-
Hydroxybenzaldehyde

Phorbatopsin A

Species

Alkaloid

Alkaloid

Alkaloid

Alkaloid

Alkaloid

Alkaloid

Alkaloid

Biological
Activity

P. tenacior

P. tenacior

P. tenacior

P. tenacior

P. topsenti

P. topsenti

P. topsenti

Dose/Concentration

Displacement of
specific ligands
from their
biochemical
receptors

Displacement of
specific ligands
from their
biochemical
receptors

Displacement of
specific ligands
from their
biochemical
receptors

Displacement of
specific ligands
from their
biochemical
receptors

Antimicrobial

Antimicrobial

Antioxidant

Reference

5 pg/mL-average
inhibition values
roughly 35-40% in all
receptor binding

5 pg/mL-71% human B2
bradykinin receptor;
80% neuropeptide Y

receptor

5 ug/mL-62%
somatostatin receptor;
52% human B2
bradykinin receptor;
57% neuropeptide Y
receptor

5 pg/ImL-77%
somatostatin receptor

Paper disk agar-(100 pg,
purified product) 12,10,
and 11 mm

Paper disk agar-(100 pg,
purified product) 8,7,
and 7 mm

ORACE, 0.88 + 0.28

[22]
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Compound
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22

37

38

45

60

61

62

63

65

Class

Phorbatopsin B

Phorbatopsin C

Phorboxazole A

Phorboxazole B

Muironolide A

Phorbaside C

Amaroxocane A

Amaroxocane B

Phorbaketal A

Alotaketal A

Alotaketal B

Alotaketal C

Alotaketal D

Ansellone A

Species

Alkaloid

Alkaloid

Macrolide

Macrolide

Macrolide

Macrolide

Steroid

Steroid

Sesterterpenoid

Sesterterpenoid

Sesterterpenoid

Sesterterpenoid

Sesterterpenoid

Sesterterpenoid

Biological Dose/Concentration

Activity
P. topsenti Antioxidant
P. topsenti Antioxidant
Phorbas sp. Antifungal
Phorbas sp. Antifungal
Phorbas sp. Antifungal
Macrophage
Phorbas sp. infectivity
potentiator (Mip)
P.amaranthus Antl-pr.e c.latory
activity
P. Anti-predatory
amaranthus. activity
Osteogenic
Phorbas sp. differentiation
Anti-inflammatory
Phorbas sp. cAMP'5|gf1aI|ng
activation
Phorbas sp. cAMP_mgpalmg
activation
Latency-reversing
Phorbas sp. agent (LRA)
Latency-reversing
Phorbas sp. agent (LRA)
cAMP signaling
activation
Phorbas sp. Latency-reversing

agent (LRA)cAMP
activator

Reference

ORACEL 0.50 +0.08
ORACE. 0.21 +0.02

Agar disk diffusion
assay-C. albicans: 12
mm (1 pg) and 9 mm (0.1
ug); Saccharomyces
carlsbergensis: 1, 20
mm (1 pg), and 13 mm
(0.1 pg)

Agar disk diffusion
assay-C. albicans: 11
mm (1 pg) and 8 mm (0.1
M g); Saccharomyces
carlsbergensis: 1, 16
mm (1 pg), and 10 mm
(0.1 pg)

MIC 16 pg/mL

Binding affinity of 75
with Chlamydia
pneumoniae

Little feeding deterrence
(8/10 pellets eaten)

Significant deterrent
activity (3/10 pellets
eaten)

Phorbaketal A
stimulates TAZ-
mediated osteoblast
differentiation through
the activation of
extracellular signal-
regulated kinase (1-10
Hg/mL)

Dose dependent
inhibition of LPS-
induced production of
inflammatory cytokines
and the transcriptional
activity NF-kB (2.5, 5,
and 10 yM) and
adipocyte differentiation
through transcriptional
coactivator with PDZ-
binding motif (1-10
Hg/mL)

cAMP cell signaling
pathway-ECs of 18 nM

cAMP cell signaling
pathway-ECso of 240 nM

HIV-1 provirus/GFP
expression of J-Lat 9.2
cells-1 pM

HIV-1 provirus/IGFP
expression of J-Lat 9.2
cells-30 pM

cAMP cell signaling
pathway-ECsg of 14 pM
HIV-1 provirus/GFP
expression of J-Lat 9.2
cells-30 yM
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Biological

Compound Class Species i, Dose/Concentration  Reference
Activity
mbiion o FAUET LS
66 Ansellone B Sesterterpenoid Phorbas sp. inducible NOS 1501
(iNOS) macrophage cells-ICsq =
f 4.5 uMm,
Latency-reversin HIV-1 provirus/GFP
73 Anvilone A Sesterterpenoid Phorbas sp. y 9 expression of J-Lat 9.2 (a7
agent (LRAs)
cells-30 uM
Osteogenic Calcium deposition
76 Phorbasone A Sesterterpenoid Phorbas sp. 9 . effect at a concentration =1
properties
of 0.5 pg/mL
Inhibitory activity on
Inhibition of NOS in RAW 264.7 LPS-
79 Phorbasone A acetate  Sesterterpenoid Phorbas sp. inducible NOS activated mouse 5o
(iNOS) macrophage cells-ICsg =
2.8 uM
Activity against MRSA at
83 Oxaspirosuberitenone  Sesterterpenoids  P. areolatus Antimicrobial the hlghest Bl
concentration tested
(160 pM)
Suppression of the
. . . . hyphal development [52]
94 Phorbasin H Diterpenoid Phorbas sp. Antifungal of C. albicans (250
ugimL)
EtOH extract-growth
inhibitory activity
against the gram-
93-95 Phorbasins Diterpenoid Phorbas s Antifungal positive e
p p- 9 bacteria Staphylococcus B4
aureus and Micrococcus
luteus-Concentration:
N/A
IC50 = 5.7 pg/mL; 10 pM
on UVB irradiated
104 Gagunin D Diterpenoid Phorbas sp. Anti-melanogenic human skin models sl
demonstrated a
considerable reduction
melanin biosynthesis
. . - Isocitrate lyase [34]
101-117 Gagunins Diterpenoid Phorbas sp. (ICL) inhibition LCso of 55-140 pg/mL
125 Astaxanthin Carotenoid P. topsenti Antioxidant ORACE. 0.22 £ 0.02 B9
126 Adonirubin Carotenoid P. topsenti Antioxidant ORACE. 0.024 + 0.001 B9
127 Taurine Sulfonic acid P. topsenti Antioxidant ORACk. 0.083 £ 0.013 9]
128 Taurobetaine Sulfonic acid P. topsenti Antioxidant ORACE. 00.019 £ 0.002 [29]

2.1. Cytotoxic and Cytostatic Activity

The bioactivities of the metabolites isolated from sample of genus Phorbas mainly focus on the antiproliferative activity.
For clarity and better reading purposes, data have been summarized in Table 1.

The alkaloid zarzissine (13) showed a potent cytotoxic activity against three cell lines: murine leukemia P-388, human
nasopharyngeal carcinoma KB, and human lung carcinoma NSCLC-N6 [22],

Macrolides such as phorbasides A (20), C (22), D (23), and E (24) exert prominent cytotoxic effects against HCT-116
(human colon cancer cell line), demonstrated through in vitro assays. However, phorbaside B (21) showed no activity.
These results suggest that the presence of the free hydroxyl group at C-2 of the sugar moiety may play a key role in
maintaining bioactivity 22, Muironolide A (19) and phorboxazole A (17) are two other representative macrolides that
possess cytotoxic activity against colon tumor cells [24],

Among steroids, phorbasterones A-D (29-32) displayed moderate cytotoxicity toward HCT-116 cells 281, More recently,
the lipid fraction obtained from samples of P. amaranthus, likely enriched of sterols, was found to possess antiproliferative



properties against HCT-116 cells &1,

The sesterterpenoids phorbaketals A—C (45-47) exhibited cytotoxic activity against human colorectal cancer HT-29,
hepatoma cancer HepG2, and adenocarcinoma human alveolar basal epithelial cells lines A549, while phorbaketal N (50)
was cytotoxic against human renal cancer cell lines A498 and ACHN and pancreatic cancer cell line PANC-1. Phorbaketal
N (50) showed a better activity than the positive control molecule, fluorouracil. Studies on 50 and derivatives may be a
path in the search for new treatments for pancreatic cancer (288 Phorbaketal H-l (55-56), isolated from the
sponge Monanchora sp., showed weak cytotoxicity against the human renal A498 cancer cell line. Considering
structure—activity relationships, a ketone group at C-5 of ring A of phorbaketals is much more favorable than a hydroxy
group for activity, and the hydroperoxy group in the side chain is harmful to the cytotoxicity 2,

The compound phorbin A (59), isolated from Monanchora sp., a possible precursor of several sesterterpenoids isolated
for Phorbas, also showed moderate activity against renal human cancer cell lines ACHN and A498, and potent cytotoxicity
against human pancreatic cancer cell lines PANC-1 and MIA-paca, similar to or better than the positive control, 5-
fluorouracil 221,

In addition, the sesterterpenoids isosuberitenone B (84) and 19-suberitenone B (85) unveiled significant grow-inhibitory
effects against A549, HepG2, HT-29, and MCF-7 tumor cell lines. In the same study, compounds suberitenone B (82),
oxaspirosuberitenone (83), and isooxaspirosuberitenone (86) showed moderate activity against these same cell lines.
These sesterterpenoids isolated from P. areolatus were also tested against Mia-Paca-2 (pancreatic cancer cell line), but
showed no activity 11,

Putative anticancer lead compounds with a diterpenoid backbone were a) phorbasin B—C (88-89) and the terpenyl-taurine
phorbasin E (91), tested in a colon cancer model (HCT-116 cell line) 2 and b) gagunins A—Q (101-117) in K-562 cells
(leukemia cell line) 8. Among the latter, gagunins A and B (101-102) turned out to be the less active compounds. The
authors suggest that the presence of a bulky group at C-11 of the five-membered ring negatively affects bioactivity, as
compounds 107 and 108 are far less active than their congeners featuring either an acetoxyl group or hydrogen at the
same position [, However, a synthetic gagunin A-derivative, in which the substituent groups placed on the three rings
were replaced by hydroxyl groups, lacks activity 231,

The tetraterpenoid gukulenin B (119) exhibited significant cytotoxicity against human pharynx cell carcinoma line FaDu,
gastric carcinoma cell MKN45, colon carcinoma cell line HCT-116, and renal carcinoma cell SN12C, and gukulenins C-F
(120-123) showed potent cytotoxicity against K-562 and A549 cells 5. Interestingly, gukulenin F (123) exhibited
cytotoxicity against K-562 that was 17-fold more potent than doxorubicin, a positive control B3, Moreover, gukulenin A
(118) was shown to be a promising antitumor agent that (a) inhibited tumor growth in an ovarian cancer xenograft mouse
model without any considerable adverse effect on their body weights, and (b) markedly reduced cell viability through
apoptosis induction via the activation of caspases in four ovarian cancer cell lines. The cytotoxic activity of gukulenin A
(118) is more potent than the positive control, cisplatin, in all ovarian cancer cells tested. This is the first report of an in
vivo activity among compounds isolated from Phorbas 28],

Although several compounds showed promising results, cytotoxic studies on compounds from the genus Phorbas are, in
most cases, at the initial phase. Only as recently as 2019 was there a study with gukulenin A (118) that advanced to in
vivo studies using mouse models 28],

2.2. Other Biological Activities

Secondary metabolites isolated from sponges of the genus Phorbas displayed a large array of biological activities other
than cytotoxicity (Table 2).

Anchinopeptolides B-D (2—-4), peptide alkaloids from P. tenacior, exhibited high efficacy in displacing specific ligands from
their relevant receptors: human B2 bradykinin, which has a high correlation with inflammation mediators by causing
vasodilation, increasing vascular permeability, and stimulating the synthesis of prostaglandins; neuropeptide Y, which is
involved in physiological and homeostatic processes such as vasoconstriction and growth of fat tissue; and somatostatin
receptors, which belong to the G protein class and have a wide expression pattern in both normal tissues and solid tumors
(385611271 On the other hand, anchinopeptolide A (1) was found to have weaker bioactivity in these binding assays B4, The
alkaloids zarzissine (13) and p-hydroxybenzaldehyde (14) showed slight antimicrobial activity against Staphylococcus
aureus (gram-positive bacterium) and C. albicans and C. tropicalis (yeasts) 22,



The crude extract of Phorbas topsenti was reported to have high antioxidant activity in oxygen radical absorbance
capacity (ORAC) assay, thereby leading to the isolation of phorbatopsins A-C (14-16), i.e., the compounds responsible
for the observed radical scavenging activity. The antioxidant capacity of the isolated compounds was also evaluated with
ORAC assay, measuring the loss of fluorescence of fluorescein in the presence of the oxidative species AAPH [2,2'-
azobis(2-amidino-propane) dihydrochloride] and compared with Trolox®, used as the positive control. Phorbatopsin A (14)
was the most active substance, with an ORAC value comparable to Trolox®. These data clearly indicate the importance of
the C5-C6 double bond in compound 14 in improving the antioxidant properties of the phorbatopsin scaffold 22,

Macrolides phorboxazoles A-B (17-18) exhibited antifungal activity in the agar disc diffusion inhibition assay
against Candida albicans and Saccharomyces carlsbergensis 23, Another example is the macrolide muironolide A (19),
which was reported to have antifungal activity against strains of Cryptococcus neoformans B2,

The genus Phorbas is also a source of other bioactive compounds, such the steroids amaroxocanes A-B (37-38), which
were isolated and tested for chemical defense of the Caribbean coral reef sponge Phorbas amaranthus from fish
predators. Amaroxocane B (38) showed significant deterrent activity (3/10 pellets eaten), while amaroxocane A (37)
elicited little feeding deterrence (8/10 pellets eaten) against a common reef predator, namely the bluehead wrasse. This
study suggests that structural differences in the heterocycle moiety or the degree of sulfation may be responsible for
differential anti-predatory activity 44,

Phorbaketal A (45), which also showed cytotoxic activity, can promote osteogenic differentiation of human mesenchymal
stem cells, which exhibited increased levels of differentiation markers such as osteocalcin, DIx5, ALP, Runx2, and TAZ
after drug exposure. This compound showed potential for bone reformation processes and new anabolic therapeutics in
bone diseases. Moreover, as inhibiting mesenchymal stem cells differentiate into adipocytes through a transcriptional
coactivator with PDZ-binding motif, compound 45 may be a promising lead in designing novel drugs to treat obesity. In
addition, this compound showed a promising dose dependent inhibition of inflammatory mediators via down-regulation of
the NF-kB pathway and up-regulation of the HO-1 pathway 4344142l The sesterterpenoids phorbasones A-B (76-77)
promote calcium deposition in mensenchymal C3H10T1/2 cells, thus inducing osteoblast differentiation. The authors
concluded that phorbasone A (76) showed a distinct calcium deposition effect as compared to phorbasone B (77).
Particularly, gene expression analysis of osteoblast differentiation markers revealed that compound 76 increases Runx2
(a Runt protein), ALP (alkaline phosphatase), OSX (osterix), PTH (parathyroid hormone), and PTHrP (PTHrelated peptide)
mRNA B, Another study reported on the potent inhibitory activity on nitric oxide (NO) production in RAW 264.7 LPS-
activated mouse macrophage cells by phorbasone A acetate (79). This result indicated that effective suppression of NO
production is a valuable strategy for the discovery of anti-inflammatory compounds 341,

Among sesterterpenoids, suberitenones A and B, oxaspirosuberitenone, isosuberitenone B, 19-episuberitenone B, and
isooxaspirosuberitenone (81-86), isolated from Phorbas areolatus (non-polar fraction), were tested against gram positive
(methicillin resistant and methicillin sensitive Staphylococcus aureus, MRSA, and MSSA) and gram negative (Escherichia
coli, and Klebsiella pneumoniae) bacteria. This study reported oxaspirosuberitenone (83) as a significant antimicrobial
compound against MRSA at the highest concentration tested [B1I58],

Ansellone A (65) can activate cAMP signaling in HEK293 cells, derived from human embryonic kidney cells grown in a
tissue culture, which is a very important technique for the development of treatments for several diseases such as heart
failure, cancer, and neurodegenerative diseases. CAMP signaling activation by ansellone A (65) was comparable to that of
forskolin, a natural product used for the treatment of cancer, obesity, and allergies 48], The latency reversal activity (LRA)
of 65, which has the function of reactivating the virus production in infected cells and producing an immune response or
cell death, was also reported and determined by quantification of the changes in intracellular GFP expression in
microplate B9, The sesterterpenoid ansellone B (66) was reported as a potent inhibitor on nitric oxide production in RAW
264.7 LPS-activated mouse macrophage cells 69,

Alotaketals A and B (60—61) have also been reported for the activation of the cAMP cell signaling pathway. In addition, the
compounds alotaketal C (62) and D (63) and anvilone A (74) were reported to activate the latent proviral HIV-1 gene
expression. Notably, alotaketal C (62) was more potent and gave a stronger effect than the control compound prostratin at
the same concentration, while alotaketal D (63) and anvilone A (74) elicited similar responses as prostratin [28[22[61][48]
The diterpen phorbasin H (94) was reported as an inhibitor of the yeast-to-hypha transition in Candida albicans. Growth
experiments suggested that this compound does not inhibit yeast cell growth but inhibits filamentous growth in C.
albicans, which means that the phorbasin H (94) induces a change in C. albicans morphology B2. Another study reported
the ethanolic extract rich in phorbasins (87—-89) from the Phorbas sp. could exert growth inhibitory activity against gram



positive bacteria, such as Staphylococcus aureus and Micrococcus luteus. It was not possible to test pure compounds
due to the low amount available and their instability B2153],

One study concerning the cosmetic use of gagunin D (104) identified this compound as a potential anti-melanogenic
agent. Gagunin D (104) inhibited the synthesis of melanin in both mouse melan-a cells and a reconstructed human skin
model. Suppression of tyrosinase expression and increased rate of tyrosinase degradation as well as inhibition of its
enzymatic activity are putative mechanisms underlying the anti-melanogenic activity exhibited by gagunin D (104). These
studies highlight the potential use of gagunin D (104) for skin lightening cosmetic formulations 52!,

The summary of these biological activities reported for compounds isolated from extracts of the genus Phorbas sp. are
found in Table 2.
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