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Abstract: The present study focuses on the evaluation of the cytotoxicity and antiproliferative activities of the organic 
extracts of 70 fungal strains associated with twelve Red Sea marine invertebrates. The fungal strains were obtained 10 
sponges, one tunicate and one soft coral. Three different media including Sabouraud dextrose agar, malt extract agar and 
Czapek-Dox agar were used for the purification of the fungal isolates. The purified fungal isolates were cultured in their 
corresponding media (Sabouraud dextrose broth, Malt extract broth and Czapek-Dox broth) on shaker for 14 days at 
26°C. After that, the cultures were lyophilized and the dried cultures were extracted with methanol. The methanolic 
extracts of these cultures were evaluated for their in vitro cytotoxicity and antiproliferative activities against three human 
cancer cell lines including breast adenocarcinoma (MCF-7), liver hepatocellular carcinoma (HepG2) and colorectal 
carcinoma (HCT-116). Nine extracts displayed potent and selective activity against MCF-7 with IC50 4.96-8.28µg/mL 
without any significant effect on the other two cell lines. In addition, six extracts showed strong and selective activity 
against MCF-7 with IC50 11.37-15.53µg/mL. On the other hand, most of the fungal extracts were inactive or weakly 
active against HepG2 and HCT-116.  
 
Keywords: Red Sea marine invertebrates, associated-fungi, organic extracts, human cancer cell lines, cytotoxicity and 
antiproliferative activities. 
 
INTRODUCTION 
 
One of the most important public health problems in 
Egypt is liver disease related to infectious diseases.  
Ironically this was exacerbated by attempts to control its 
primary historical cause, schistosomiasis: intravenous 
tartar emetic was administered as community-wide 
therapy in large control campaigns from the 1950s 
through the 1980s (Strickland, 2006), until the effective 
oral drug praziquantel became available in the mid-1980s. 
The use of non-sterile needles in the administration of the 
tartar emetic has been linked to the Hepatitis C virus 
(HCV) epidemic in Egypt, and HCV is now the main 
cause of liver diseases. A major impact of widespread of 
HCV in Egypt has been the increased incidence of 
hepatocellular carcinoma (liver cancer) (Hussain et al., 
2007). Furthermore, there is evidence that HCV increases 
the risk of other non-hepatic cancers.  For example, it 
seems to have a role in lymphoproliferation and increases 
the risk of non-Hodgkins lymphoma (Giordano et al., 
2007). It may also mediate autoimmune thyroiditis 
leading to thyroid cancer (Montella et al., 2003). In 
Egypt, hepatocellular carcinoma (HCC) is a main cause of 
cancer-related deaths in men. Moreover, HCC is 

considered as fifth most common cancer (Alison and 
Lovell, 2005) and the third leading cause of cancer death 
world-wide, killing almost all patients who have it within 
a year. Treatments for HCC rely on surgical resection and 
ablation, and thus there is a great need for the discovery 
and development of new, less toxic chemotherapeutic 
agents for liver cancer. Egypt is also burdened by other 
cancers which reflect its particular social structure that 
incorporates both rural and modernized life styles. 
Bladder cancer, related to schistosomiasis infection 
predominantly in rural areas, is the most prevalent cancer 
in Egypt (Vauhkonen et al., 2007). On the other hand, 
cancers usually associated with lifestyles in developed 
countries, such as breast and gastrointestinal cancers, are 
a growing health concern in Egypt. 
 
Red Sea was a rich source of diverse biologically active 
compounds and pharmaceutical probes including 
latrunculin A, B (actin polymerization inhibitor and 
microfilament disrupters) from the sponge Negombata 
magnifica and swiholide A (microfilamnet disrupting 
toxin) from Theonella swinhoei. In addition, latrunculins 
decrease the intraocular pressure in monkeys and increase 
outflow facility without any corneal effects. It has been 
patented to Inspire Pharmaceuticals (USA) as possible 
anti-glaucoma leads (Okka et al., 2004; Peterson et al., *Corresponding author: e-mail: dyoussef@kau.edu.sa 
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2000a; Peterson et al., 2000b). This diversity represents 
just a small part of the known bioactive compounds, and 
the vast majority await discovery. 

 
Fig. 1: Underwater photographs of Red Sea marine 
invertebrates with highest fungal diversity. 
 
Remarkably, most marine invertebrates (sponge, soft coral 
and tunicate species) harbor commensal microorganisms, 
which exist as intra- and extra-cellular symbionts (Dunlap 
et al., 2007). In some sponges, microbes may constitute as 
much as 40% of the organism volume, and there is now 
abundant evidence to suggest that a significant portion of 
the biologically active metabolites isolated from marine 
invertebrates are produced or synthesized by associated 
microbes. Many anticancer compounds produced by 
sponges such as discodermolide, halichondrin B and 
bryostatin 1, are believed to be products of the 
microbiotic associations. 
 
Microbial symbiosis in invertebrates gained significance 
as an important source of biologically active compounds 
(Gordon and Leggat, 2010). A recent review describing 
the bioactive compounds produced by symbiotic microbes 
isolated from marine sponges showed that the majority of 
the associated microbes included bacteria and fungi 
(Thomas et al., 2010). Compounds produced by fungal 
symbionts represented by 65.71% of the total compounds 
produced by sponge-microbial associations, while 34.28% 

of the total compounds were bacterial products (Thomas 
et al., 2010). Among the fungal phyla, Ascomycota was 
the producer of 73% of the total fungal compounds, 
suggesting the importance of this phylum and the fungi in 
general as a future source for the process of drug 
discovery (Thomas et al., 2010). The investigation of 
microbial communities present within marine 
invertebrates has significant effects for the production of 
symbiont-derived secondary metabolites and for the 
application of marine invertebrates as future source 
material for microbes in screening efforts for discovery of 
anticancer drug leads (Evidente et al., 2015 ; Gomes et 
al., 2015, ; Jin et al., 2016 ; Imhoff, 2016). In the course 
of our ongoing search to identify marine microbial drug 
leads from associated microbes with Red Sea 
invertebrates (Shaala et al., 2016; Murshid et al., 2016; 
Asiry et al., 2015; Shaala and Youssef, 2015; Mourshid et 
al., 2016), the associated fungal community with twelve 
Red Sea marine invertebrates was examined. The organic 
extracts of the culture of 70 fungi were evaluated for their 
cytotoxic and antiproliferative activities against HCT-116, 
HepG2 and MCF-7. 
 
MATERIALS AND METHODS 
 
Collection of Red Sea marine invertebrates 
Marine invertebrates (sponges, tunicates and soft corals) 
were collected from the Red Sea by hands using SCUBA 
at the Egyptian Red Sea coast off Hurghada at 10-30m 
depth during May 2013. The collected invertebrates 
include 10 sponges, one tunicate and one soft coral (table 
1 and fig. 1). The sponges were identified by Prof. Dr. van 
Soest. The tunicates were identified by Dr. Francoise 
Monniot at Muséum national d'histoire naturelle 
(MNHN), Paris. Voucher specimens for the sponges were 
kept in the collections of the Naturalis Biodiversity Center 
at Leiden, The Netherlands. Additional voucher 
specimens were placed in the Red Sea Invertebrates 
Collection at the Department of Pharmacognosy, Faculty 
of Pharmacy at Suez Canal University. 
 
Preparation of the fungal isolates from the marine 
invertebrates 
The preparation of the marine invertebrates for the 
isolation and purification of fungal isolates was 
performed as previously described (Shaala and Youssef, 
2015). 
 
Culture of fungal strains and preparation of organic 
extracts  
Colonies of each fungal isolate were directly inoculated 
into 250-mL Erlenmeyer flasks, each containing 50-mL of 
the corresponding media: The media used in this study 
include: Sabouraud dextrose broth (Sabouraud dextrose 
broth 30.0g, NaCl 20.0g, dissolved in distilled water 
1,000mL), Malt extract broth (malt extract 30.0g, peptone 
3.0g, NaCl 20.0, dissolved in distilled water 1,000mL) 
and Czapek-Dox broth (NaNO3 3.0g, KCl 0.5g, K2HPO4 
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0.1g, MgSO4·7H2O 0.5g, FeSO4 0.01g, sucrose 30.0g, 
NaCl 20.0g, dissolved in distilled water 1,000mL, pH 
6.7). Cultures of the fungal isolates were incubated on a 
shaking bed at 120 rpm at 26°C for 14 days.  After that, 
all cultures were freeze-dried followed by extraction with 
methanol (3 x 150mL).  The combined extracts of each 
culture was dried under vacuum and the resulting extracts 
were used for evaluation of the cytotoxic and 
antiproliferative activities.   
 
Determination of the antiproliferative and cytotoxic 
activities of the extracts 
Three human cell lines were used in this study including 
HepG2 (liver hepatocellular carcinoma, HB-8065, ATCC, 
Manassas, VA, USA), HCT-116 (colorectal carcinoma, 
CCL-247, ATCC, Manassas, VA, USA) and MCF-7 

(breast adenocarcinoma, HTB-22, ATCC, Manassas, VA, 
USA). These cells were used for the evaluation of the 
cytotoxic and antiproliferative activities of the fungal 
organic extracts. The effects of 70 fungal extracts on cell 
proliferation and cytotoxicity were evaluated using 
sulforhodamine B (SRB) assay as described previously 
(Vichai and Kirtikara, 2006).  Doxorubicin was used as 
positive control drug.  
 
RESULTS  
 
The present study investigates the fungal community of 
twelve marine invertebrates including 10 sponges, one 
tunicate and one soft coral and the evaluation of the 
fungal extracts for their cytotoxic and antiproliferative 
activities against three human cancer cell lines. 

Table 1: Source of fungal isolates and culture media used in this study. 
 
Isolate 

No. 
Source 

organism 
Organism

class 
Culture 
Media 

Isolate 
No. 

Source 
organism 

Organism
class 

Culture 
media 

1 Callyspongia sp. S SDB 36 Ircinia echinata S CDB 
2 Callyspongia sp. S SDB 37 Dragmacidon coccinea S SDB 
3 Callyspongia sp. S SDB 38 Dragmacidon coccinea S SDB 
4 Hyrtios erectus S SDB 39 Dragmacidon coccinea S SDB 
5 Hyrtios erectus S SDB 40 Callyspongia siphonella S SDB 
6 Hyrtios erectus S SDB 41 Callyspongia siphonella S SDB 
7 Hyrtios erectus S SDB 42 Callyspongia siphonella S MEB 
8 Hyrtios erectus S SDB 43 Theonella swinhoei S SDB 
9 Hyrtios erectus S SDB 44 Theonella swinhoei S SDB 

10 Hyrtios erectus S SDB 45 Theonella swinhoei S SDB 
11 Hyrtios erectus S SDB 46 Theonella swinhoei S SDB 
12 Hyrtios erectus S SDB 47 Suberea mollis S SDB 
13 Hyrtios erectus S SDB 48 Suberea mollis S MEB 
14 Hyrtios erectus S SDB 49 Suberea mollis S MEB 
15 Hyrtios erectus S SDB 50 Didemnum sp. T SDB 
16 Hyrtios erectus S SDB 51 Didemnum sp. T SDB 
17 Hyrtios erectus S SDB 52 Didemnum sp. T SDB 
18 Hyrtios erectus S SDB 53 Didemnum sp. T SDB 
19 Hyrtios erectus S MEB 54 Didemnum sp. T SDB 
20 Hyrtios erectus S CDB 55 Didemnum sp. T SDB 
21 Hyrtios erectus S CDB 56 Didemnum sp. T SDB 
22 Amphimedon chloros S SDB 57 Didemnum sp. T SDB 
23 Amphimedon chloros S SDB 58 Didemnum sp. T SDB 
24 Amphimedon chloros S MEB 59 Didemnum sp. T SDB 
25 Mycale euplectellioides S SDB 60 Didemnum sp. T SDB 
26 Mycale euplectellioides S SDB 61 Didemnum sp. T SDB 
27 Mycale euplectellioides S SDB 62 Didemnum sp. T SDB 
28 Mycale euplectellioides S SDB 63 Didemnum sp. T SDB 
29 Mycale euplectellioides S CDB 64 Didemnum sp. T SDB 
30 Mycale euplectellioides S CDB 65 Didemnum sp. T SDB 
31 Cliona vastifica S MEB 66 Didemnum sp. T ME 
32 Cliona vastifica S MEB 67 Didemnum sp. T CDB 
33 Cliona vastifica S CDB 68 Didemnum sp. T CDB 
34 Ircinia echinata S SDB 69 Nephthea sp. SC CDB 
35 Ircinia echinata S CDB 70 Nephthea sp. SC CDB 

S) Sponge; T) Tunicate; SC) Soft coral; SDB) Sabouraud dextrose broth; ME) Malt extract broth; CDB) Czapek-Dox broth. 
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Representative examples of the marine invertebrates are 
shown in fig. 1. A total of 70 fungal strains were isolated 
from these invertebrates (table 1). The maximum fungal 
diversity was obtained from the sponge Hyrtios erectus 
(fig. 1) and the tunicate Didemnum sp. (fig. 1) on 
Sabouraud dextrose agar, while it was minimal on the 
other two media (malt extract agar and Czapek-Dox agar) 
(table 1). The in vitro antiproliferative and cytotoxic 
activities of 70 fungal extracts against three human cancer 
cell lines was presented in tables 2 and 3.  
 

DISCUSSION 
 
Most of the fungal extracts showed variable activity 
against MCF-7. From these, nine extracts (No. 4, 5, 7, 17, 
19, 38, 43, 50 and 69) were selective and potent against 
MCF-7 with IC50 of 4.96-8.28µg/mL without any 
significant effect on the other two cell lines (tables 2 and 
3). In addition, six extracts (No. 9, 12, 16, 59, 67 and 70) 
displayed strong and selective activity against MCF-7 cell 
line with IC50 of 11.37-15.53µg/mL (tables 2 and 3). The 
rest of the extracts were either moderately active (IC50 20-

Table 2: In vitro antiproliferative and cytotoxic activities of fungal extracts against human cancer cell lines. 
 

Extract No. IC50 (µg/mL) Extract No. IC50 (µg/mL) 
MCF-7 HepG2 HCT-116 MCF-7 HepG2 HCT-116 

1 25.52 >50 >50 36 48.19 >50 >50 
2 34.87 >50 >50 37 >50 48.65 >50 
3 41.29 35.96 37.52 38 7.40 30.75 42.6 
4 8.28 39.65 >50 39 26.61 40.55 >50 
5 6.83 >50 >50 40 37.78 >50 >50 
6 23.14 47.33 >50 41 39.48 >50 >50 
7 6.86 >50 >50 42 36.24 >50 >50 
8 21.10 >50 >50 43 6.26 >50 >50 
9 15.27 >50 >50 44 26.26 >50 >50 

10 >50 >50 >50 45 >50 >50 >50 
11 >50 >50 >50 46 >50 >50 >50 
12 15.53 31.88 39.00 47 35.02 >50 >50 
13 23.97 >50 >50 48 39.21 >50 >50 
14 27.75 >50 >50 49 23.56 >50 >50 
15 >50 >50 >50 50 5.93 >50 >50 
16 17.93 >50 >50 51 23.84 34.90 >50 
17 8.22 41.00 38.40 52 21.10 40.75 >50 
18 >50 >50 >50 53 48.07 45.50 >50 
19 6.65 >50 >50 54 49.75 >50 >50 
20 41.51 >50 >50 55 >50 >50 >50 
21 >50 >50 >50 56 38.01 >50 >50 
22 31.46 >50 >50 57 41.42 >50 >50 
23 >50 >50 >50 58 30.05 >50 >50 
24 40.01 >50 >50 59 11.37 >50 >50 
25 >50 >50 >50 60 21.87 >50 >50 
26 39.00 >50 >50 61 26.39 >50 >50 
27 49.68 >50 >50 62 >50 >50 >50 
28 >50 42.90 >50 63 >50 >50 >50 
29 28.2 >50 >50 64 20.47 41.93 45.12 
30 >50 >50 >50 65 23.04 >50 >50 
31 >50 >50 >50 66 >50 >50 >50 
32 27.12 >50 >50 67 12.30 >50 >50 
33 >50 >50 >50 68 30.85 >50 >50 
34 >50 >50 >50 69 4.96 >50 >50 
35 27.65 48.97 >50 70 12.77 >50 >50 

Doxorubicin* 0.41 0.85 0.11 Doxorubicin* 0.41 0.85 0.11 
 

*) Positive control drug. 
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40 µg/mL), weakly active or completely inactive (table 
2).  Conversely, most of the fungal extracts were inactive 
(IC50 >50µg/mL) against human liver hepatocellular 
carcinoma cell line (HepG2). Only 14 extracts (No. 3, 4, 
6, 12, 17, 28, 35, 37, 38, 39, 51, 52, 53 and 64) were 
weakly active against HepG2 with IC50 of 23.04-
49.75µg/mL (table 2). Similarly, most of the fungal 
extracts were inactive (IC50 >50µg/mL) against human 
colorectal carcinoma cell line (HCT-116). Finally, five 
extracts (No. 2, 12, 17, 38 and 46) showed weak activity 
(IC50 37.52-45.12 µg/mL) against HCT-116 (table 2). 
 
Present study revealed the strong and selective 
antiproliferative and cytotoxic potential of marine fungal 
extracts (about 13%, 9 out of 70 extracts) (table 3) against 
MCF-7 and hence strong potential to produce 
antiproliferative compounds. Marine fungi and their 
purified extracts have shown to be good producer of 
cytotoxic and antiproliferatve compounds. This activity 
could be attributed to different classes of secondary 
metabolites as shown previously by our group and by 
other groups (Evidente et al., 2015; Gomes et al., 2015; 
Jin et al., 2016; Imhoff, 2016; Shaala et al., 2016; 
Murshid et al., 2016; Asiry et al., 2015; Shaala and 
Youssef, 2015). 
 
CONCLUSION 
 
It could be concluded from this study that marine 
invertebrates represent a massive source of fungal 
diversity. The fungal strains associated with marine 
invertebrates represent a potential reservoir for production 
of novel anticancer drugs. The fungal extracts # 4, 5, 7, 
17, 19, 38, 43, 50 and 69 showed potent and selective 
activity against MCF-7 with IC50 of <10 µg/mL. These 
extracts are categorized as “first priority” and are 

expected to possess lead compounds for future isolation 
and identification of selective antiproliferative drugs 
against human breast adenocarcinoma. Currently, efforts 
are in progress to identify the fungal strains of interest 
(table 3) and to isolate the active cytotoxic and 
antiproliferative compounds in their corresponding 
extracts using bioassay-directed fractionation.  
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