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Abstract

Meroterpenes are mixed natural products. They consist of one terpene and one polyketide skeletons. Due to their structural varieties, meroterpenoids 
display diverse bioactivities, like anticancer, anti-inflammatory, anti-biotic, and antifibrotic activities. Our aim is to highlight the importance of 
the meroterpenes which have been the most studied on and reported among the bioactive natural products last years. According to our literature 
survey, the three most effective meroterpene groups have been determined. One group is the meroterpenes isolated from the brown alga Sargassum 
siliquastrum: Sargachromanol E, D, and P have exerted strong cytotoxicity against AGS (gastric cancer cells), HT-29 (colorectal adenocarcinoma cancer 
cell), and HT-1080 (human fibrosarcoma cells) cell lines, with IC50 values varying from 0.5 to 5.7 μg/mL [100]. The other most effective meroterpene is 
Eucalypglobulusal F, which is isolated from E. globulus fruit, has shown cytotoxicity against the human acute lymphoblastic cell line (CCRF-CEM) 
with an IC50 value of 3.3 μM [89]. Also, the last one is 11-dehydroxy epoxyphomalin A (4), from the endophytic fungus Peyronellaea coffeae-arabicae 
FT238, which was obtained from the native Hawaiian plant Pritchardia lowreyana showed a strong antiproliferative effect with an IC50 of 0.5 μM 
against OVCAR3 (Ovarian carsinoma cells) [102]. Conclusively, meroterpenes have potential nominees as an anticancer drug. Moreover, the structure 
of naturally isolated meroterpenes has a moderate anticancer activity that can easliy be modified by semi-synthetic ways due to their simple structures 
comparing to other natural compounds such as triterpenes or phenolic compounds.

Introduction

Natural products are extensively known to be a major resource 
of biologically active compounds that hold manifold and unusual 
platforms [1]. Terpenoids are structurally differing secondary 
metabolites with more than 40,000 reported structural diversity 
bearing valuable bioactive characters [2,3] Their structures are chiefly 
sourced from plants and microbes, which are mainly biosynthesized 
by the 2-C- methylerythritol 4-phosphate pathway or the 
mevalonate pathway [4,5]. Terpenoids were known to have potential 
pharmacological properties against fatal diseases, such as malaria 
[6], cardiovascular disease [7], and cancer [3,8]. Meroterpenoids 
are hybrid secondary metabolites that moderately obtain from the 

terpenoid pathways [9,10]. Especially, meroterpenoids derived 
from polyketide and terpenoid precursors have sp3-rich terpenoid 
scaffolds and sp2-rich polyketide scaffolds, which argue different 
pharmacological activities [11]. Their carbon skeletons come from 
intra- and intermolecular cyclizations and/or rearrangements of 
terpene chains to give unique polycyclic or macrocyclic structures 
often possessing varied functional groups [12,13]. Naturally exist 
meroterpenoids have been obtained from a variety of origins 
containing animals, plants, bacteria, and fungi [14], and are 
demonstrated by ubiquinone-10 (coenzyme Q10) [15], α-tocopherol 
(vitamin E) [16], vinblastine [17], merochlorin A [18,19], and 
teleocidin B-4 [10,20]. Meroterpenoids are usually isolated from 
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fungi and marine organisms. Otherwise, plants can produce 
minimal groups of meroterpenoids, such as cannabinoids and 
polyprenylated phloroglucinols [9], despite plants are rich sources 
of various types of terpenoids [11]. Stemming from their structural 
variety, meroterpenoids show various bioactivities, like anticancer 
[21], anti-inflammatory [22], anti-biotic [23], and antifibrotic [24] 
activities. In current years, the alluring chemical structures and 
impressive biological activities of these compounds have appealed 
to considerable interest from the synthetic and pharmacological 
societies [14,25-27]. Considering meroterpenes which have been 
commonly isolated in fungi from Penicillium and Aspergillus genera 
[28]: Austin (Figure 1) is a good characteristic of this class, having 
been isolated for the first time in 1976 by Chexal et al. from a culture 
of Aspergillus ustus [29]. Afterward, in 1994, it was isolated, besides 
five other meroterpenes, from Penicillium sp. [30]. Assorted Austin-
like compounds have been published from an endophyte species of 
Penicillium cultivated in rice: preaustinoid A and B (Figure 2) [31], 
7-β-acetoxydehydroaustin, neoaustin (Figure 3), dehydro-austin 
(Figure 1), austinoneol (Figure 4) [32], preaustinoid A1, A2 (Figure 
5) and B1 [33]. Several derivatives exhibit activity against Escherichia 
coli, Bacillus sp., and Pseudomonas aureginosa [33,34]. Further 
examples contain applanatumin A (Figure 6), a novel meroterpenoid 
dimer with potent antifibrotic activity from Ganoderma applanatum 
[24], albatrelins A–C (Figure 7), three novel dimers with cytotoxicity 
from Albatrelleus ovinus [35], and yaminterritrems A and B 

(Figure 8) with a novel skeleton and inhibition of cyclooxygenase-2 
expression from Aspergillus terreus. As it has been understood from 
all the examples fungi are recognized as producers of meroterpenoids 
with novel structures and various bioactivities [36,37].

Figure 1: The molecular structure of Austin, dehydroaustin and acetoxydehydroaustin 
[38].

Figure 2: The molecular structure of Preaustinoid A and B [39].

Figure 3: The molecular structure of Neoaustin [40].

Figure 4: The molecular structure of Austinoneol [40].

Figure 5: The molecular structure of Preaustinoid A2 [40].

Figure 6: The molecular structure of Applanatumin A [41].

Figure 7: The molecular structure of Albatrelin A [42] and C [43].

Figure 8: The molecular structure of Yaminterritrems A and B [36].
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Biosynthetically, the composite structures of fungal 
meroterpenoids are largely originated from plain precursors alike 
a linear isoprenoid or the C-2 carbon unit acetyl-CoA, via a series 
of chemical transformations catalyzed by two enzyme groups, 
terpene cyclases and polyketide synthases (PKSs) [44,45]. Also the 
huge structural diversity, fungal meroterpenoids have drawn wide 
interest from the scientific society because of their wide spectrum 
of pharmacological activities [10,46-49]. The meroterpenoids 
from endophytic fungi were classified into two major groups: 
polyketide–terpenoids and non-polyketide– terpenoids [9,50]. 
α-pyrone meroterpenoids including triketide terpenoid moieties 
were identified from the fungi with acetylcholinesterase inhibitors 
[51]. Thus these α-pyrone meroterpenoids have been appealing 
to chemists and pharmacologists’ appreciable attention [52]. The 
α-pyrone meroterpenoids form an important subset of this class 
and have a familiar C3-oxidized drimane unit that is connected to 
numerous polyketide- based pyrone fragments at C11 [51]. Members 
of this group show a wide range of bioactivity differing from anti-
cholinesterase activity to acyl-CoA/cholesterol acyltransferase 
inhibition. While not, as usual, meroterpenoids having a diterpene 
unit have also been discovered in nature [53]. Members of this subset 
naturally share a typical C3-oxidized ent-isocopalane fragment that 
takes place in mixture with various aromatics and has been known 
to show anti-mycobacterial, insecticidal and cytotoxic characteristics 
[54]. Pyripyropenes and phenylpyropenes are subclasses of 
meroterpenes actual in the filamentous fungi genus Aspergillus and 
Penicillium. These compounds are biogenetically originated from a 
hybrid of polyketide and terpenoid. Their structures were contained in 
three parts: a pyridine/phenyl ring, an α-pyrone, and a sesquiterpene 
motif. Subsequently, they were first isolated in 1994, 19 pyripyropenes 
were exhibit to be effective as acyl-CoA/cholesterol acyltransferase 
(ACAT) inhibitors and are thought to be beneficial in the avoidance 
and treatment of hypercholesterolemia and atherosclerosis [55-60]. In 
the marine environment, meroterpenes are compounds of assorted 
biosynthesis, essentially quinone or hydroquinones bonded with a 
terpenoid portion differing from one to nine isoprene units. These 
secondary metabolites are obtained principally from brown algae 
such as Cystoseira [61], marine microorganisms [28], soft corals 
[62], or marine invertebrates, such as sponges or ascidians [63,64]. 
Several prenylated hydroquinones inhibit the proliferation of a panel 
of cancer cells [65-67]. Furthermore, three new sesqui- and diterpene 
hydroquinone MK2 or PI3 kinase inhibitors have been reported from 
demosponges [68-70]. The fungal meroterpenoids as the interesting 
hybrid natural products are broadly scattered in marine environments 
with various molecular architectures, that are brought terpene 
moieties together other precursors such as polyketide unit by diverse 
biosynthetic pathways [48,71-73]. Among the fungus-originated 
meroterpenoids, a polyketide-terpenoid biosynthetic pathway that has 
a C-alkylation of 3,5-dimethylorsellinic acid (DMOA) with farnesyl 
pyrophosphate (FPP) produced more than 100 secondary metabolites 
alongside several unique scaffolds [9,14]. The biogenetic pathways of 
these usual natural products have been largely investigated, disclosing 
a set of synthetic gene clusters and functional enzymes [74-76]. The 
structural diversity of the DMOA-based meroterpenoids was ascribed 
to sequential cyclization, complex oxidative ring rearrangement, and 

recyclization. Stand on the carbocyclic frameworks, the DMOA-
FPP derived meroterpenoids can be grouped into seven subtypes. 
Andrastins having a 6,6,6,5-tetra-carbocyclic skeleton (Figure 9) 
are the potent inhibitors of RAS proteins, which are important for 
regulating cell division and the progressing of cancer [77]. Terretonin-
type (Figure 10) congeners bearing a δ-lactone in ring D are derived 
from terrenoid (andrastin- type) by D-ring expansion and bizarre 
rearrangement of the methoxy group [78]. Berkeleyone- type (or 
protoaustinoid-type) (Figure 11) derivatives being the caspase- 
1 inhibitor is the meroterpenoids defining a set of unique and 
functionalized chemical scaffolds, which are identified by the existence 
bicyclo [3.3,1]nonane or its rearranged bicyclo[3,2,1]octane unit in 
rings C and D [79], and are originated by the same intermediate as 

 
Figure 9: The molecular structure of Andrastin A and B [40].

Figure 10: Some examples for Terretonin type-meroterpenes: isolated from the culture 
extract of the marine derived-fungus Aspergillus insuetus [40].

Figure 11: The molecular structure of Berkeleyone A-C [86].

Figure 12: The molecular structure of Austinol [40].
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for andrastins with miscellaneous rearrangement. Austinol (Figure 
12) and its analogs displayed a pentacyclic scaffold with a spiro-δ-
lactone in ring A and a γ-lactone in ring E, that was originated from 
protoaustinoid through oxidation and ring rearrangement [80]. 
Chrysogenolides are a class of DMOA- based compounds with a rare 
seven-numbered ring B, which shows the inhibition of nitric oxide 
production [73], while anditomin analogs highlighted the presence of 
an uncommon and highly oxygenated bridged-ring system [81-88]. 
Fumigatonin and novofumigatonin (Figure 13) are an extra subtype 
consisting of highly oxidized and complexed condensed ring systems 
[82,83]. These meroterpenoids have been stated to own a range of 
biological activities [83-85].

Anticancer, Cytotoxic, and Antitumor Activity

We have mentioned two studies about Psoralea sp.: One belongs 
to Wu et all. They have obtained two novel dimeric meroterpenoids, 
bisbakuchiols A (1) and B (2), along with (S)-bakuchiol (3) from the seeds 
of Psoralea corylifolia L. (Fabaceae) (Figure 14). Bisbakuchiols A and B 
consist of an extraordinary dimeric meroterpenoid skeleton in which two 
meroterpenes are connected through a dioxane bridge. All compounds 
have been examined for their potential to inhibit hypoxia-inducible 
factor-1 (HIF-1) activation induced by hypoxia in a HIF-1-mediated 
reporter gene assay in AGS human gastric cancer cells. (S)-Bakuchiol 
inhibited hypoxic activation of HIF-1 with an IC50 value of 6.1 μM [88].

The other is made by Madrid and his research group. They have 
investigated the biological activity of the resinous exudate of aerial 
parts from Psoralea glandulosa, and its active components (bakuchiol 
(1), 3-hydroxy-bakuchiol (2) and 12-hydroxy-iso-bakuchiol (3)) 
(Figure 15) against melanoma cells (A2058). Also, the effect in cancer 
cells of bakuchiol acetate (4) (Figure 15), a semi-synthetic derivative 

of bakuchiol, have been examined. The results achieved show that the 
resinous exudate inhibited the growth of cancer cells with an IC50 value 
of 10.5 μg/mL after 48 h of treatment, while, for pure compounds, 
the most active was the semi-synthetic compound 4. Their data also 
proved that resin can induce apoptotic cell death, which could be 
associated with a complete action of the meroterpenes existing [89].

The second most studied plant example is Psidium guajava L. 
(guava). Rizzo et. all have searched in vitro, in vivo and in silico 
anticancer and estrogen-like activity of Psidium guajava L. (guava) 
extracts and enriched mixture including the meroterpenes guajadial, 
psidial A and psiguadial A and B (Figure 16). All samples were assessed 
in vitro for anticancer activity against nine human cancer lines: K562 
(leukemia), MCF7 (breast), NCI/ADR-RES (resistant ovarian cancer), 
NCI-H460 (lung), UACC-62 (melanoma), PC-3 (prostate), HT-29 
(colon), OVCAR-3 (ovarian) and 786-0 (kidney). Psidium guajava’s 
active compounds shown similar physicochemical characteristics to 
estradiol and tamoxifen, as in silico mol. docking studies displayed that 
they fit into the estrogen receptors (ERs). The meroterpene-enriched 
fraction was also appraised in vivo in a Solid Ehrlich murine breast 
adenocarcinoma model and exhibited to be highly active in preventing 
tumor growth, also showing uterus increase in comparison to negative 
controls. The capability of guajadial, psidial A and psiguadials A and B to 
decrease tumor growth and arouse uterus proliferation, they are in silico 
docking similarity to tamoxifen too, indicate that these compounds may 
act as Selective Estrogen Receptors Modulators (SERMs), hence holding 
important potential for anticancer treatment [90].

Qin et al. also have studied Psidium guajava L fruits, it has resulted 
in the identification of two new meroterpenoids, psiguajavadials A 
(I) and B (II), along with 14 earlier defined meroterpenoids. All of 

Figure 13: The molecular structure of Fumigatonin and Novofumigatonin [87].

Figure 14: The molecular structure of bisbakuchiols A (1) and B (2), and (S)-bakuchiol 
(3) [88].

Figure 15: The molecular structure of Bakuchiol (1), 3-hydroxy-bakuchiol (2), 12-hydroxy-
iso-bakuchiol (3), and semi-synthetic derivative of bakuchiol: bakuchiol acetate (4) [89].

Figure 16: The molecular structure of guajadial, psiguadial A-B [91] and psidial A [92].
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the meroterpenoids have exhibited cytotoxicities against five human 
cancer cell lines, with guajadial B (12) being the most powerful having 
an IC50 value of 150 nM toward A549 cells. Additionally, biochemical 
topoisomerase I (Top1) assay has disclosed that psiguajavadial A, 
psiguajavadial B, guajadial B, guajadial C, and guajadial F (Figure 17) 
served as Top1 catalytic inhibitors and deferred Top1 poison-mediated 
DNA damage. The flow cytometric analysis has pointed out that the 
new meroterpenoids psiguajavadials A and B could induce apoptosis 
of HCT116 cells. These data indicate that meroterpenoids from guava 
fruit could be used for the progress of antitumor agents [93].

JNU-144 (Figure 18): a new meroterpenoid has been isolated, 
from Lithospermum erythrorhizon, and investigated its’ antitumor 
activity on all hepatoma cell lines, JNU-144 shown potent anti-tumor 
effects. Particularly, in SMMC-7721 cells, JNU-144 induced apoptosis 
by activating the intrinsic apoptosis pathway. The researchers have 
also discovered that JNU-144 inhibited EMT in both SMMC-7721 and 
HepG2 cells by reprogramming the gene expression profile. Moreover, 
JNU- 144 suppressed tumor growth in vivo. These results prove the 
potential for JNU-144 as a novel therapeutic drug for liver cancer [97].

Zhang et al. have obtained Fischernolides A-D (1-4) (Figure 19), 
four meroterpenoids based on diterpene and acylphloroglucinol, 
having an unprecedented 28-carbon skeleton with a novel scaffold, 
from the roots of Euphorbia fischeriana. Compound 2 exerted 
significant cytotoxicity and can induce the apoptosis of MCF-​7 and 
Bel-7402 cell lines by caspase activation [98].

The six new pairs of bibenzyl-based meroterpenoid enantiomers, 
(±)-rasumatranin A-D (1-4) and (±)-radulanin M and N (5 and 6), 

and six known compounds have been isolated from the adnascent 
Chinese liverwort: Radula sumatrana. Cytotoxicity tests of the 
obtained compounds have exhibited that 6-hydroxy-3-methyl-8-
phenylethylbenzo[b]oxepin-5-one (8) showed effect against the 
human cancer cell lines MCF-7, PC-3, and SMMC-7721, with IC50 
values of 3.86, 6.60, and 3.58 μM, in order, and induced MCF-7 cell 
death through a mitochondria-mediated apoptosis pathway [99]. Lee 
et. al. have investigated the cytotoxicity of the brown alga Sargassum 
siliquastrum on human cancer cells (AGS, HT-29, HT-1080, and 
MCF-7). Bioassay-guided fractionation of the crude extracts has 
demonstrated that the 85% aqueous methanol (MeOH) fraction 
was the most toxic. Seven known meroterpenoids (1-7) have been 
obtained from this cytotoxic fraction. Each compound has been tested 
for its cytotoxic effect on human cancer cells. Compounds 1, 2, and 4 
have shown vigorous cytotoxicity against AGS, HT-29, and HT-1080 
cell lines, with IC50 values varying from 0.5 to 5.7 μg/mL [100]. The six 
new meroterpenoids, diplomeroterpenoids A-F, two new chalcone-
lignoids, diplochalcolins A and B, and 13 well-known compounds 
have been isolated from the root extract of Mimosa diplotricha. 
diplomeroterpenoids A has exerted antiproliferative activity against 
human hepatoblastoma HepG2 cells with a GI50 value of approximately 
8.6 μM [101]. The last-mentioned research example from plant source 
belongs to Jin et. al. They have isolated ten new formyl-phloroglucinol-
terpene meroterpenoids, eucalypglobulusals A-J (1-10), and 10 known 
analogs were isolated from E. globulus fruit Eucalypglobulusal F has 
shown cytotoxicity against the human acute lymphoblastic cell line 
(CCRF-CEM) with an IC50 value of 3.3 μM, while eucalypglobulusal 
A, eucarobustol C, macrocarpal A, macrocarpal B, and macrocarpal D 
(Figure 20) have exerted DNA topoisomerase I (Top1) inhibition. The 
compounds: eucalypglobulusal A and macrocarpal A, acted as Top1 
catalytic inhibitors and delayed Top1 poison-mediated DNA double-
strand damage [102].

The next three examples will be on the meroterpenes obtained 
from plant-related fungi. Liang et al. have studied on the secondary 
metabolites of the endophytic fungus Guignardia mangiferae from 
Smilax glabra and their antitumor effects. Twelve compounds have 
been isolated from the extract of 100 L liquid fermented broth and 
ten of them were elucidated as 15-hydroxyl tricycloalternarene 5b 
(1), guignardiaene D (2), guignardiaene C (3), guignardone A (4), 
guignardone B (5), 3-(4-methyl phenoxy) propanoic acid (6), nonane-
2,4-diol (7), ergosterol (8), tyrosol (9), and p-hydroxybenzaldehyde 
(10). The inhibitory activity of compounds 1-7 on SF-268, MCF-7, and 
NCI-H460 cell lines was examined in vitro by SRB. The meroterpenes 
1-5 exerted inhibitory effects on SF-268, while compounds. 6 and 
7 showed inhibitory effects on MCF-7 selectively [106]. Long et. al. 
have obtained eleven new meroterpenoids, bipolahydroquinones 

 

Figure 17: The molecular structure of guajadial B [94], guajadial C [95] and guajadial 
F [96].

Figure 18: The molecular structure of JNU-144 [97].

Figure 19: The molecular structure of Fischernolides A-D (1-4) [98]. Figure 20: The molecular structure of Macrocarpal A [103], B [104], D [105].
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A-C, cochlioquinones I-N, isocochlioquinones F, and G, along with 
6 familiar ones from an endophytic fungus Bipolaris sp. L1-2 from 
Lycium barbarum. Bipolahydroquinone C, cochlioquinone I and 
cochlioquinones K-M have exhibited cytotoxicity against NCI-H226 
and(or) MDA-MB-231 with IC50values ranging 5.5-9.5 μM [107].

Li et. al. have isolated three uncommon polyketide-sesquiterpene 
metabolites peyronellins A-C (1-3) (Figure 21), together with the new 
epoxyphomalin analog 11-dehydroxy epoxyphomalin A (4), from 
the endophytic fungus Peyronellaea coffeae-arabicae FT238, which 
was obtained from the native Hawaiian plant Pritchardia lowreyana. 
Compound 4 showed an antiproliferative effect with an IC50 of 0.5 μM 
against OVCAR3, and it also powerfully inhibited Stat3 at 5 μM [108].

The meroterpenes isolated from marine sources are another 
subject that must be pointed out. In the first example study, Imperatore 
et. al. have reported the synthesis of two quinones: 2-methoxy-3-
(3-methylbut-2-en-1-yl)cyclohexa-2,5-diene-1,4-dione and (E)-2-
(3,7-dimethylocta-2,6-dien-1-yl)-3-methoxycyclohexa-2,5-diene-
1,4-dione and of their corresponding dioxothiazine fused quinones: 
6-methoxy-7-(3-methylbut-2-en-1-yl)-3,4-dihydro-2H-benzo[b]
[1,4]thiazine-5,8- dione-1,1-dioxide and (E)-7-(3,7-dimethylocta-2,6-
dien-1-yl)-6-methoxy-3,4-dihydro-2H-benzo[b][1,4]thiazine-5,8-
dione-1,1-dioxide inspired to the marine natural product aplidinone 
A (1), a geranylquinone displaying the 1,1-dioxo-1,4-thiazine ring 
isolated from the ascidian Aplidium conicum. The potential effects 
on viability and proliferation in three diverse human cancer cell lines, 
breast adenocarcinoma (MCF-7), pancreas adenocarcinoma (Bx-
PC3) and, bone osteosarcoma (MG-63), have been searched. The 
methoxylated geranylquinone exhibited the highest antiproliferative 
effect showing akin toxicity in all three cell lines analyzed. In an 
interesting way, deeper research has highlighted a cytostatic effect of 
quinone 5 traceable to a G0/G1 cell-cycle arrest in BxPC-3 cells after 
24 h treatment. (Figure 22) [110].

The previous A. Conicum study belonged to the same research 
group is on totally natural product isolation of A. Conicum. Menna 
et. al. have searched this marine source, and resulted in the isolation 
of two new meroterpenes, the conithiaquinones A (1) and B (2), 
in addition to two previously published chromenols (3 and 4) and 
conicaquinones (5 and 6) (Figure 23). Both conithiaquinones A and 
B exhibited significant activities on the growth and viability of cells, 
with 1 showing fascinating cytotoxicity against human breast cancer 
cells [111].

Additionally, marine meroterpenes from sponges have anticancer 
activity. Li et. al. have isolated five new sesquiterpene hydroquinones, 
dactylospongins A-D (1-4) and 19-O-methylpelorol (10), four new 
sesquiterpene quinones too: melemeleones C-E (6-8) and dysidaminone 
N (9) from the marine sponge Dactylospongia sp. collected from the 
South China Sea, along with five known analogs, ent-melemeleone 
B (5), pelorol (11), 17-O-acetylavarol (12), 20-O-acetylavarol (13), 
and 20-O-acetylneoavarol (14). 19-O-methylpelorol (10) showed 
cytotoxicity against lung cancer PC-9 cell lines with an IC50 value of 
9.2 μM [112]. Three new meroterpenoids, hyrtiolacton A (I), nakijinol 
F, and nakijinol G, along with 3 known ones, nakijinol B, nakijinol 
E, and dactyloquinone A, have been isolated and elucidated from a 
Hyrtios sp. marine sponge picked up from the South China Sea. These 
compounds have been tested for their protein tyrosine phosphatase 
(PTP1B) inhibitory and cytotoxic effects. Nakijinol G exerted PTP1B 
inhibitory activity with an IC50 value of 4.8 μM but no cytotoxicity 
against 4 human cancer cell lines [113] (Figure 24).

The next two research study is about the meroterpenes 
from marine-related fungi. Three phenylspirodrimane-based 
meroterpenoids with novel scaffolds, namely chartarolides A(I)-C, 
have been isolated from a sponge (Niphates recondite) related fungus 
Stachybotrys chartarum WGC-25C-6. Chartarolides A-C (Figure 25) Figure 21: The molecular structure of peyronellins A-C [109].

Figure 22: The molecular structure of aplidinone A and of synthetic analogs [110].

Figure 23: The molecular structure of conithiaquinones A (1) and B (2), two previously 
published chromenols (3 and 4) and conicaquinones (5 and 6) [111].
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have shown considerable cytotoxic effects against a panel of human 
tumor cell lines and exhibited strong inhibitory activities against the 
human tumor- associated protein kinases of FGFR3, IGF1R, PDGFRb, 
and TrKB [115].

Farnaes et. al. have made microbial production, isolation, and 
structure elucidation of four new napyradiomycin congeners (I-
IV) from marine-originated actinomycete. Utilizing fluorescence-
activated cell sorting (FACS) analysis, napyradiomycins 1-4 (Figure 
26) have detected to induce apoptosis in the colon adenocarcinoma 
cell line HCT-116, displaying the feasibility of a specific biochemical 
target for this group of cytotoxins [116].

The study of Sandargo et. al. is to the mushroom: Rhodotus 
palmatus. They have isolated Rhodatin (1) (Figure 27), a 
meroterpenoid having a unique pentacyclic scaffold with both 
spiro and spiroketal centers, and five unprecedented acorane-type 
sesquiterpenoids, named rhodocoranes A-E (2-6, respectively), are 
the first natural products isolated from the basidiomycete Rhodotus 
palmatus. Rhodatin powerfully has prevented the hepatitis C virus, 
while 4 has shown cytotoxicity and selective antifungal activity [117].

The last chapter is dealing with the microorganism sourced-
meroterpenes. In the review written by Liu et al. It has been mentioned 

that terpene-quinone and -hydroquinone is the major bioactive 
members since they produce reactive oxygen species (ROS) [119]. Three 
quinone- and hydroquinone-type meroterpenes produce reactive 
oxygen species (ROS) [120]. Three quinone- and hydroquinone-type 
meroterpenes (122-124) (Figure 28) were obtained from a marine-
derived Penicillium sp. Compounds 122 and 123 exerted considerable 
cytotoxicity against five cancer cell lines (A549, SKOV-3 (human ovary 
adenocarcinoma), SKMEL-2 (human skin cancer), XF498 (human 
CNS cancer), and HCT15 (human colon cancer)) with IC50 values 
in the range of 3-10 μg/mL, whereas compound 124 had IC50 values 
varying from 20 to 40 μg/mL (doxorubicin was used as a positive 
control with IC50 values of 0.02~0.8 μg/mL). These results prove that 
the quinone form prone to be less cytotoxic [121]. Penicillone A 
(125) (Figure 28), isolated from marine-derived Penicillium sp. F11. 
contains a carboxylic acid group in the place of the isoprenyl tail, 
which brought on mild cytotoxicity against fibrosarcoma (HT1080) 
and human nasopharyngeal carcinoma (Cne2) cell lines (IC50 = 45.8 
and 46.2 μM, respectively) [121,122].

The Wnt-β-catenin signaling pathway plays a significant role 
in the regulation, differentiation, proliferation, and cellular death 
processes; therefore, modifications in this pathway are caused to 
numerous abnormalities of development, growth, and homeostasis in 
animal organisms. Wnt proteins contain a various family of secretion 
glycoproteins which join to Frizzled receptors and Low-Density 

Figure 24: The molecular structure of nakijinols [114].

 

Figure 25: The molecular structure of Chartarolides A-C (1-3) [115].
 

Figure 26: The molecular structure of napyradiomycins 1-4 [116].

Figure 27: The molecular structure of Rhodatin [118].

Figure 28: The molecular structure of compounds 122-125 [122].
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Lipoprotein receptor-related Protein, to stabilize the crucial β-catenin 
protein, and to commence a complex signaling cascade, which is 
associated to multiple nucleocytoplasmatic systems. Modifications 
in the canonical Wnt-β-catenin signaling pathway have been related 
to variations in many proteins taking part in this route, or with 
activation/ inactivation of oncogenes and tumor suppressor genes, 
which clarify different processes of tumorigenesis, in addition to several 
malformations and human diseases. There are relations between the 
Wnt-β-catenin signaling pathway with various neoplastic processes, 
and its application can be used in the diagnosis and prognosis of cancer 
[123]. Tang et al. have isolated isopenicins A-C (1-3) (Figure 29), three 
novel meroterpenoids bearing two types of uncommon terpenoid-
polyketide hybrid skeletons, from the cultures of Penicillium sp. sh18. 
The inhibitory effects of these compounds on the Wnt/β-catenin 
signaling pathway have been examined, and 1 has been determined as a 
potent inhibitor of the Wnt signaling pathway [124].

The latter two studies are referring to the meroterpenes obtained 
form two different fungus species of Neosartorya sp. Rajachan 
et. al. have isolated four meroterpenoids, 1-hydroxychevalone 
C, 1-acetoxychevalone C, 1,11-dihydroxychevalone C, and 
11-hydroxychevalone C and 2 ester epimers, 2S,4S-spinosate and 
2S,4R-spinosate, along with 7 known compounds, chevalones 
B, C (Figure 30), and E, tryptoquivaline, nortryptoquivaline, 
tryptoquivaline L, and quinadoline A from the fungus Neosartorya 
spinosa. 1-hydroxychevalone C, 1-acetoxychevalone C, 
1,11-dihydroxychevalone C, and quinadoline A exhibited cytotoxicity 
against KB and NCI-H187 cancer cell lines with IC50 values in the 
range of 32.7-103.3 μM [125].

A new meroterpenoid, named tatenoic acid (I) (Figure 31) from 
have been isolated the fungus Neosartorya tatenoi KKU-2NK23, 
together with five common compounds, aszonapyrones A (Figure 

31) and B (2 and 3), aszonalenin (4), ergosterol (5) and D-mannitol 
(6). Aszonapyrone A (Figure 31), a known meroterpene, has exerted 
cytotoxicity against two cancer cell lines, NCI-H187 and KB [127-129].

Conclusion

Meroterpenes are pharmacologically important compounds 
because of providing a wide structure variability and depending on 
it having a huge bioactivity spectrum. This review has been focused 
on their anticancer activities and presented 23 anticancer activity 
studies of meroterpenes obtained from different sources. The 
anticancer activity is the power of natural and synthetic or biological 
and chemical agents to reverse, withhold, or block carcinogenic 
progression [128]. According to our literature survey, the three most 
effective meroterpene studies have been determined. One is about the 
meroterpenes isolated from the brown alga Sargassum siliquastrum: 
Sargachromanol E, D, and P have exerted strong cytotoxicity against 
AGS (gastric cancer cells), HT-29 (colorectal adenocarcinoma cancer 
cell), and HT-1080 (human fibrosarcoma cells) cell lines, with IC50 
values varying from 0.5 to 5.7 μg/mL [100]. The other most effective 
meroterpene is Eucalypglobulusal F, which is one of the new formyl-
phloroglucinol-terpene meroterpenoid isolated from E. globulus fruit, 
has shown cytotoxicity against the human acute lymphoblastic cell line 
(CCRF-CEM) with an IC50 value of 3.3 μM [89]. Besides, the last one 
is the new epoxyphomalin analog 11-dehydroxy epoxyphomalin A 
(4), from the endophytic fungus Peyronellaea coffeae-arabicae FT238, 
which was obtained from the native Hawaiian plant Pritchardia 
lowreyana showed a strong antiproliferative effect with an IC50 of 0.5 
μM against OVCAR3 (Ovarian carsinoma cells) [102]. As a result, 
meroterpenes have potential candidates as an anticancer drug. Also, 
the structure of naturally isolated meroterpenes has a moderate 
anticancer activity that can easliy be modified by semi-synthetic ways 
due to their simple structures comparing to other natural compounds 
such as triterpenes or phenolic compounds.
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