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Introduction
The human immunodeficiency virus type-1 (HIV-1) is 

a Lentivirus that infects CD4+ T lymphocytes, monocyte/
macrophages and dendritic cells, using the CD4 molecule and the 
chemokine receptors CCR5 or CXCR4 to enter the target cells [1]. 
HIV-1 is the etiological agent of the acquired immunodeficiency 
syndrome (AIDS) and has become a serious threat to global public 
health in the last decades [2-5]. 

The inhibition of HIV-1 life cycle constitutes one of the major 
purposes of the antiretroviral therapy (HAART). Several steps of 
the viral growth cycle have been studied as potential target for 
drugs design. Although combination antiretroviral therapy led to 
a major reduction in HIV-related mortality and morbidity, HIV still 
cannot be cured. Furthermore, the use of these drugs has been 
limited by the lack of patient’s compliance to the treatment due 
to side effects and toxicity of drugs, besides rapid emergence of  

 
resistant virus strains to the currently approved AIDS treatments 
[6-8]. For this reason, the search for new antiviral compounds is 
crucial for the fight against AIDS. Products derived from natural 
sources, such as bacteria, fungi, plants and marine flora and fauna 
have displayed several biological activities [9]. Specifically, marine 
algae represent one of the richest sources of bioactive compounds, 
and algae-derived products are increasingly used in medical and 
biochemical research [10]. 

The genus Plocamium J.V. Lamouroux is characteristic of a 
cold temperate climate, with a few species, such as P. hamatum 
J. Agardh and P. brasiliense (Greville) Howe & Taylor, occurring 
in tropical areas. 107 species have been described for the genus, 
of which only 44 are recognized [3]. Today data are found in the 
literature on metabolites isolated from marine macroalgae, with 
definite biological actions, such as the following examples, anti-
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inflammatory [4,5], antiviral [6], antileishmaniasis [7], antioxidants 
[8], allelopathic [9], against snake venom [10, 11].

In the present study, the inhibitory effects of different organic 
extracts (n-Hexane (HE); Dichloromethane (DC); Ethyl acetate 
(EA) and Hydroalcoholic (HA)) obtained from P. brasiliense and P. 
cartilagineum macroalgae were presented with potential sources of 
antiviral substances against the HIV-1 virus.

Material and Methods
Cytotoxicity evaluation: MT-2 cells (2.0 x 105 cells/well) were 

exposed to different concentrations of extracts of P. brasiliense and 
P. cartilagineum for 72h. After incubation, cell viability was assessed 
by an MTT method [11]. The 50% cytotoxic concentration (CC50) 
was defined as the concentration (μM) that reduced viability by 
50% when compared to untreated controls.

Anti-HIV assay: For the anti-HIV-1 activity screening, peripheral 
blood mononuclear cells (PBMCs) from healthy human donors 
were obtained by density gradient centrifugation (Histopaque; 
Sigma, St. Loius, USA) from buffy coat preparations. PBMCs 
were ressuspended in RPMI 1640 (LGO Bio, São Paulo, Brazil), 
supplemented with 10% FBS (Hyclone, Logan, USA), penicillin 
and streptomycin (Cultilab, São Paulo, Brazil), 2mM glutamine and 
10mM HEPES (Sigma, St. Louis, USA), stimulated with 5 mg/ml of 
phytohemagglutinin (PHA; Sigma, St. Lous, USA) for two to three 
days, and further maintained in culture medium containing 5 U/ml 
of recombinant human interleukin-2 (Sigma, St. Louis, USA). HIV-1 
isolates IIIb (X4-tropic) [12] were used to infect cells. Virus isolates 
were prepared in PHA-activated PBMCs from human healthy 
donors.

The screening of in vitro anti-HIV-1 activity was assessed 
following the procedures described previously [13] with minor 
modifications. Peripheral blood mononuclear cells (PBMCs) and 

MT-2 cells were initially exposed to viral suspensions containing 
5-10ng/ml of HIV-1 p-24 Ag during 1-2 h. Cells were washed, 
resuspended in complete medium, plated in 96-well culture plates 
(2.0 x 105cells/well) in triplicate, and treated with different 
concentrations (μg/mL) of extracts. After seven days at 37°C in 
5% CO2, viral replication was assessed by measuring the HIV p-24 
Ag presence in culture supernatants by an ELISA capture assay 
(ZeptoMetrix Co., Buffalo, USA). 

Results and Discussion
Cytotoxicity evaluation: the viability of MT-2 cells facing the 

extracts of Plocamium brasiliense and Plocamium cartilagineum 
was measured by mitochondrial activity. The extracts less cytotoxic 
for MT-2 cells were PBHA 242,28μg/mL and PCHA (194,52μg/mL), 
derived from hydroalcoholic extraction from P. brasiliense and P. 
cartilagineum, respectively (Table 1).

Table 1: Cytotoxicity of raw extracts from P. brasiliense and P. 
cartilagineum in MT-2 cells. PBHE – n-hexan extraction P. brasiliense; 
PBDC – dichloromethane extraction P. brasiliense; PBEA – ethyl acetate 
extraction P. brasiliense; PBHA – hydroalcoholic extraction P. brasiliense; 
PCHE – n-hexan extraction P. cartilagineum; PCDC – dichloromethane 
extraction P. cartilagineum; PCEA – ethyl acetate extraction P. 
cartilagineum; PCHA – hydroalcoholic extraction P. cartilagineum. 
*Literature data [14].

Extracts CC50 (μg/mL)

PBHE 86 ± 1,00

PBDC 44,62 ± 22,21

PBEA 89,59 ± 18,04

PBHA 242,28 ± 26,45

PCHE 35 ± 15,08

PCDC 39 ± 19,95

PCEA 30,88 ± 4,25

PCHA 194,52 ± 32,13

AZT*         2,67

Figure 1: Antiviral effect of extracts of P. brasiliense and P. cartilagineum in PBMCs. PBHE – n-hexan extraction P. brasiliense; PBDC – 
dichloromethane extraction P. brasiliense; PBEA – ethyl acetate extraction P. brasiliense; PBHA – hydroalcoholic extraction P. brasiliense; 
PCDC – dichloromethane extraction P. cartilagineum; PCEA – ethyl acetate extraction P. cartilagineum e PCHA – hydroalcoholic extraction 
P. cartilagineum.
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Figure 2: Antiviral effect of extracts of P. brasiliense and P. cartilagineum in MT-2 cells. PBHE – n-hexan extraction P. brasiliense; PBDC – 
dichloromethane extraction P. brasiliense; PBEA – ethyl acetate extraction P. brasiliense; PBHA – hydroalcoholic extraction P. brasiliense; 
PCDC – dichloromethane extraction P. cartilagineum; PCEA – ethyl acetate extraction P. cartilagineum e PCHA – hydroalcoholic extraction 
P. cartilagineum.

Anti-HIV assay: antiviral activity was assessed in PBMCs and 
MT-2 cells. Both types of cell show similar results, which presented 
higher values of percentage of inhibition for PBHA, hydroalcoholic 
extraction of P. brasiliense Figure 1 and PCHA, hydroalcoholic 
extraction of P. cartilagineum Figure 2, reaching up to 99% of 
inhibition in vitro replication of virus to both extracts.

Marine natural products have demonstrated pharmacological 
activities against a large number of pathogens, including HIV-1 
2005, 2006. Natural compounds capable of inhibiting the HIV-
1 virus in some way have been studied in recent years, such as: 
sulfated polysaccharides (dextran sulfate, pentosan polysulfate, 
heparin) from red algae Aghardhiella tenera that inhibit viral 
replication 1997, 2000a; Sulfated sterols, isolated from the sponge 
Xestospongia sp., haplosamates A and B, inhibit HIV integrase, 
while another sulphated sterol, clatsterol, isolated from the algae 
Clathria sp., inhibits reverse transcriptase activity 1999, 2001, 
2005, diploretohydroxycarmalol, a carmalol derivative isolated 
from the brown seaweed Ishige okamurae, has shown inhibitory 
effects against HIV-1 reverse transcriptase and integrase 2006, 
2010. The two algae studied in this work, Plocamium brasiliense 
and Plocamium cartilagineum, have several described biological 
activities, but no anti-HIV-1 activity has been reported yet. This is 
important because the extracts used in this study may represent 
a source for the study of compounds or molecules with potential 
antiviral activity.

In Figure 1 we can see that in peripheral blood mononuclear cells 
[PBMCs) the results showed significant inhibitory effect mainly by 
PBHA - hydroalcoholic extraction P. brasiliense, followed by PCHA - 
hydroalcoholic extraction P. cartilagineum. These data demonstrate 
an important effect on infected primary cells that represent a very 
representative cell profile. In Figure 2, the effects were observed in 
MT-2 lineage cells demonstrating an effect similar to that seen in 
PBMCs demonstrating reproducibility of these assays.

Conclusion
The present study showed antiviral activity of extracts derived 

from red algae P. brasiliense and P. cartilagineum against HIV-1 
while presented low cellular toxicity. Both extracts PBHA and PCHA 
were less toxics to the cells in comparison to the other extracts 
tested and to the reference drug AZT. It can be observed potent 
inhibition face to HIV-1 replication, up to 99% in two of extracts 
tested. Further studies about mechanism of action and enzyme 
inhibition are needed to asses in which steps of replicative cycle the 
extracts act [14].
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