Available online at www.sciencedirect.com

SGIEN(:E(dDIREcT°

B A il S
ELSEVIER Antiviral Research 64 (2004) 6976

Z3 | Antiviral
Research

www.elsevier.com/locate/antiviral

Antiviral activity of diterpenes isolated from the Brazilian
marine algaictyota menstrualiggainst human
immunodeficiency virus type 1 (HIV-1)

H.S. Pereird*, L.R. Ledo-Ferreird, N. Moussatck’, V.L. Teixeird,
D.N.Cavalcanfi, L.J. Costd, R. DiaZ, I.C.P.P. Frugulhefii

a Departamento de Biologia Celular e Molecular/Programa de Neuroimunologia, Instituto de Biologia,
Universidade Federal Fluminense, NiterRJ, Brazil
b Departamento de Biologia Marinha, Instituto de Biologia, Universidade Federal FluminensepiNRek Brazil
¢ Instituto de BiofSica Carlos Chagas Filho, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil
4 UNIFESP-EPM, Universidade Federal da®Paulo, 80 Paulo, SP, Brazil

Received 15 October 2003; accepted 9 June 2004

Abstract

The antiviral effect of the CKCl,/MeOH-soluble fraction from the aldaictyota menstruali®n HIV-1 replication was evaluated in vitro.
The antiretroviral activity was attributed to two diterpenes: (6R)-6-hydroxydichotoma-3,14-diene-1,17-dial, named Da-1, and (6R)-6-acetoxi-
dichotoma-3,14-diene-1,17-dial, named AcDa-1. Da-1 or AcDa-1 were added to the culture medium of HIV-1-infected PM-1 cells at different
times post-infection or during virus adsorption/penetration. The results indicated that the compounds affected an early step of the virus
replicative cycle. Virus binding and entry into the host cells were evaluated in the presence of each diterpene, but no inhibitory effect was
observed. To evaluate provirus DNA synthesis/integration into the host genome, the viral protease coding sequence was amplified from total
cellular DNA. Proviral DNA was not detected in infected cells incubated with the diterpenes. To investigate the effect of the diterpenes on
the reverse transcription of the viral genomic RNA, the recombinant HIV-1 reverse transcriptase (RT) was assayed in vitro in the presence of
each diterpene. Da-1 and AcDa-1 inhibited the RNA-dependent DNA-polymerase activity of HIV-1 RT in a dose-dependent manner. Taken
together, our results demonstrate that both diterpenes inhibit HIV-1 RT and consequently virus replication.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of virus resistance to these nucleoside analogs represents a
significant obstacle to anti-HIV therapBigesert et al., 1991;
The acquired immunodeficiency syndrome (AIDS), St. Clair et al., 1991; Najera et al., 1994; Menendez-Arias,
caused by the human immunodeficiency virus (HIV), has 20039. Furthermore, these drugs have limited or transient ben-
become a serious threat to global public health in the last efits due to their adverse side effect®Zser, 2001 In the
decades. The first generation drugs, such as AZT, ddC, ddllight of these considerations, new classes of drugs that can
and DAT Huang et al., 1992; Sergheraert et al., 1988ve supplement, or partially replace, existing drugs are definitely
been extensively used in the clinic, but the rapid development needed for a suitable long-term use.
The discovery and characterization of new anti-HIV
_— agents with novel structures or mechanism(s) of action and
, : dco”eslgif;‘ii”Elaiut::(-/_foulgf?gta‘;?gsszr'”S:FU;?nga‘zig'gg?e—rg:%? F?; low toxicity to the host remain priorityRarreca et al., 2003
d:gaﬁreifg’ i Uﬁiveré:ia, F?'J’ 510 41‘_157(’)' Br';snl' ! Specific inhibitors of several steps of the viral replicative
Tel.: +55-21-2629-2268: fax: +55-21-2629-2268. cycle, including viral attachment and entry, reverse tran-
E-mail addresshelena@biologia.uftj.br (H.S. Pereira). scription, provirus DNA integration and RNA packaging,

0166-3542/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.antiviral.2004.06.006



70

have been subjected to preclinical investigation or have al-
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are derived from the neoplastic T-cell line Hut78 and show

ready entered clinical trials. A considerable number of these phenotypic characteristics similar to those of the parental
inhibitors have been isolated from natural sources, suchcellline (i.e., CD3 CD4" CD8~ CD26" HLA-DR™). Cells

as marine algae and plant®d Clercq, 2000; Jung et al.,
2000.

In this work, the inhibitory activity of the Brazilian marine
algaDictyota menstruali®n HIV-1 replication was investi-

were grown in RPMI 1640 culture medium supplemented
with 10% fetal calf serum,-glutamine and antibiotic$.(1sso

et al., 199%. The HIV-1 subtype B isolate BR48 was pre-
viously characterizedRamos et al., 1999 Quantification

gated. Two diterpenes were isolated from the alga extract asof virion production in the cell-free supernatants obtained
the biologically active compounds and the viral molecular from infected peripheral blood lymphocytes (PBLs) was per-
target for both compounds was determined. formed by p2%£29(CA) ELISA capture assays (Vironostika-

bioMerieux-Bostel, The Netherlands) according to the manu-
facturer’s instructions. The cell-free supernatants containing

2. Materials and methods titered virus were stored at70°C.

2.1. Samples -
2.3. Cytotoxicity assay
Fractionation of the algB. menstrualispurification and _
chemical characterization of the (6R)-6-hydroxydichotoma- _PM-1 cells were grown in 24-well plates («

3,14-diene-1,17-dial and its natural acetate-derivative (6R)- 10° cells/well) and incubated for 7 days in the presence
6-acetoxi-dichotoma-3,14-diene-1,17-dial, named here as®f €ach isolated-fractions or isolated-diterpenes. Thereafter,

cell viability was evaluated by trypan blue exclusion as-
say Phillips, 1973 and cell proliferation was evaluated by
[H]thymidine incorporation and liquid scintillation count.

Da-1 and AcDa-1 $cheme ) were previously described
(Teixeira et al., 2000 Briefly, the brownish residue
(CH>Cl>/MeOH fraction) obtained after extraction from the e : - )
fresh alga was partitioned betweethexane if-hexane frac- Cytotoxicity of each sample was determined along with their

tion 1) and MeOH. The-hexane fraction 1 was further sep- f';mtiviral activity and was based on the viability of m.ock—
arated into four fractions on silica gel. One of the fractions nfected PM-1 cells and expressed as the 50% cytotoxic con-
(CH,Cl,-fraction) was further separated into seven fractions centration (C&o).

through the silica gel-column chromatography. One of the .

fractions (-hexane fraction 2) contained the crude “pachy- 2-4- Antiviral assay

dictyol A’ while the other (CHCI/EtOAc-fraction) contained ] o o

the crude 1. The last fraction was further purified by prepar- Analysis of the antiviral activity of samples of the men-
ative TLC giving rise to the pure 1. Treatment of pure 1 with struglls'|solated—fract|0ns and'pu.rlf.n.ad diterpenes on HIV-.1
acetic anhydride in pyridine gave rise to the acetate deriva- "ePlication was based on the inhibition of the p24 viral anti-
tive pure 2. Pure 1 and 2 were compared by physicaftehd ~ 9€n production. Briefly, PM-1 cells were grown in 24-well
NMR spectroscopic data (reported elsewhere) and identifiedPlates and infected with 2 10° viral particles of the BR48

as Da-1 and AcDa-1, respectively. isolate (100 ng of p24 viral antigen) for 2 h in the absence

The samples described above, obtained in the sequen®f Samples. After this period, virus inoculum was replaced
tial steps of the purification process of the diterpenes, were PY fresh culture medium containing or not different concen-
dissolved in sterile DMSO 100%, immediately before each trations of some samples obtained in the process of purifi-

experiment, and diluted at least 1:100 in complete culture cation of the diterpenes. At the seventh day post-infection,
medium. unless otherwise stated. virion production in cell-free supernatants was quantified by

p24539 (CA) ELISA capture assays. The anti-HIV-1 activ-
ities of some samples were expressed as the 50% effective

2.2. Cellline, virus isolate and virus quantification concentration (E).

PM-1 cells and viral isolates were provided by Dr. Amilcar

Tanuri (Universidade Federal do Rio de Janeiro). PM-1 cells 2:5. Virus attachment/internalization assay

Virus entry assays were performed as previously described
(Aiken and Trono, 1995 PM-1 cells, grown in 24-well
plates, were washed twice and infected with«210° vi-
ral particles (lug of p24 viral antigen), in the absence or
in the presence of each diterpene at eithe€4a permis-
sive temperature for virus binding but not internalization, or
37°C, a permissive temperature for both processes. After 2 h
of incubation with virus inoculum, the cells infected &t@
were washed and either lysed (with 0.5 mL of PBS containing
0.5% Triton X-100) or resuspended (with 0.5mL PBS con-
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Scheme 1.
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taining 0.5M EDTA-0.25% trypsin) and further incubated The purified-recombinant enzyme was shown to be active
for 30 min at 37C. Trypsin-treated cells were washed twice in RT assays and, inits sensitivity towards the inhibitory prop-
with PBS to remove virus particles attached to the cell sur- erties of several known retroviral agents (e.g. azidothymidine

face but not internalized and lysed. Cells infected at@7
were also trypsinized prior to lysis. Attached and internal-
ized p2429(CA) in the cell lysates were quantified by 74

5'-triphosphate and suramin), could not be distinguished from
the viral enzymeHfizi et al., 1988. The protein concentration
of the purified recombinant HIV-1 RT used in all experiments

(CA) ELISA capture assays. For comparative purposes viruswas 0.75 mg/mL and the specific activity was 750 U/mg pro-
infection was alternatively carried out in the presence of the tein.

monoclonal anti-CD4 Leu3a antibody (Becton Dickinson,
San Jose, CA).

2.6. PCR analysis of the proviral DNA
synthesis/integration

PM-1 cells were grown in 24-well plates and infected with
2 x 10° viral particles (100 ng of p24 viral antigen) for 2 hin

2.8. HIV-1 RT assays

The purified-HIV-1 RT recombinant enzyme was assayed
as previously describedH{zi et al., 1988; Fletcher et al.,
1996. The compounds were diluted in milli-Q water imme-
diately before use. Each assay was performed in a 0.1 mL
reaction mixture containing 25mM Tris chloride, pH 7.8,

the absence of samples. After this period, the virus inoculum 75 mM KCI, 8 mM MgCh, 2mM dithiotreitol, 50uM of

was replaced by fresh medium containing or not L&D
Da-1 or AcDa-1 and infected-cells were incubated for 2
days. Alternatively, infected-cells were incubated with the
non-nucleoside RT inhibitor nevirapine (3.2 and aN), for
comparison purpose. After this period of time, genomic DNA
was isolated by GFX* genomic blood purification kit (Phar-

each nucleotide (dATP, dCTP, dGTP, dTTPJH[dTTP

(49 Ci/mmol), poly(rA).oligo(dTj2—1g. Two microliters of

the HIV-1 RT purified-enzyme was assayed for 30 min at
37°C, unless otherwise stated. The reactions were stopped
by addition of 1QuL EDTA 0.5M, collected on Whatman
DES81 fiber and washed three times with 100 mM sodium py-

macia Biotech) and used for nested-PCR amplification of the rophosphate 3H]dTTP-incorporated nucleotides were mea-

viral protease region on HIV-1 genome. Primers and ampli-

fication conditions were described elsewhe3tugver et al.,
1997. The final 290 pb product was visualized on the UV
transilluminator in 1% agarose gels stained with ethidium
bromide.

2.7. Expression and purification of the HIV-1 reverse
transcriptase

The HIV-1 RT recombinant plasmid pUC12N was kindly
provided by Dr. Stephen H. Hughes (NCI-Frederick Can-

sured by liquid scintillation.

3. Results

3.1. Inhibition of HIV-1 replication in PM-1 cells by
isolated fractions and purified diterpenes obtained from
the extract of the alga D. menstrualis

To evaluate the antiviral potential of the marine alga
D. menstrualis PM-1 cells were infected with HIV-1 sub-

cer Research). The expression and purification of the 66 kDatype B isolate BR48 in the presence of increasing concen-

HIV-1 RT recombinant enzyme were previously described
(Hizi et al., 1988; Fletcher et al., 19R6Briefly, E. coli
cells (DHm:), transformed with the HIV-1 RT recombinant
plasmid, were grown in 100g/mL ampicilin-supplemented
NZYM liquid broth, for 12—-16 h with shaking at 3. The
bacterial cells were collected by centrifugation in a Microfuge
for 2min at 10,000 rpm. The pellet was washed once with
cold 100 mM NacCl, 20 mM Tris chloride, 1 mM EDTA, pH
7.4. Bacterial cells were then disrupted in 0.2mM NacCl,
20% (v/v) glycerol, 1% Triton X-100, 1mM EDTA, 2mM
dithiothreitol, 25 mM Tris chloride, pH 8.0. The lysates were
kept at £ C for 15 min. The insoluble material was removed
by centrifugation at 10,000 rpm in Microfuge. The super-
natant was applied to the commercial Econo’®a@- and S-

trations of the CHCI,/MeOH fraction of the alga extract
and at 7 days post-infection virion production was quanti-
fied. A dose-dependent inhibition of virus replication was
observed Fig. 1). To find out the substance that could ac-
count for the antiviral activity of the C4Cl,/MeOH fraction
of the alga extract, it was further fractionated through sev-
eral steps and some different fractions were tested. A sim-
ilar dose-dependent inhibitory effect was also observed in
infected-cells incubated with thehexane fraction 1. More
pronounced effects were observed for the,CH-fraction
and CHC4/EtOAc-fraction, reaching 95% of inhibition at
200pg/mL. No inhibitory effect was detected for fraction
n-hexane fraction 2Kjig. 1).

The CHCE/EtOAc-fraction was further fractionated and

matrix cartridge columns (BioRad) connected in series. The two diterpenes were isolated and characterized; (6R)-
columns were washed with low-salt buffer and the enzyme 6-hydroxydichotoma-3,14-diene-1,17-dial (named here as
was eluted from the S column using a salt-gradient buffer, Da-1) and its derivative acetate: (6R)-6-acetoxi-dichotoma-
with medium-pressure chromatographic system (Shimadzu3,14-diene-1,17-dial (named here as AcDa-TgiXeira et
liquid chromatography system). The purified enzyme was al., 200). Incubation of PM-1 infected-cells with Da-1 or
collected and stored at70°C. AcDa-1 inhibited virus replication in a dose-dependent man-
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1201 CH,C,/MeOH fraction 3.2. Effec_ts o_f Da-1 and AcDa-1 on early steps of the
100 { ® n-hexane fraction 1 HIV-1 replication cycle
O CH,Cl,-fraction
80 1 B n-hexane fraction 2 . ) L. . i
¥  CHCIy EtOAc-fraction To investigate the antiviral mechanisms of the diterpenes
60 -

on HIV-1 replication, Da-1 or AcDa-1 were either present
since the beginning of infection or added at different periods
post-infection. In the former condition, PM-1 cells were in-
cubated with virus inoculum in the presence of either Da-1
e Aot
0 50 100 150 200 or AcDa-1 for 2h (from—2 to 0h) and, after this period,
virus inoculumwas replaced by fresh culture medium supple-
mented with Da-1 or AcDa-1. In both conditions, virus pro-
Fig. 1. Antiviral activity of the isolated-fractions frof. menstrualisex- duction was measured at 7 days post-lnfectlon. Infection of
tract: PM-1 cells were infected with HIV-1 for 2 h in the absence of isolated  PM-1 cells in the presence of either Da-1 or AcDa-1 reduced
fractions. At the end of this period of time, virus inoculum was replaced by virus production as compared to non-treated cefig.(3).
fresh medium supplemented with isolated-fractions. Infected cells were in- |nhjbition of virus production was also observed if Da-1 or
cubated for 7 days in the_ suppleme_nted medium. After this period, cell-free AcDa were added to the culture medium from O to 4 h post-
supernatants were monitored for virus production by§594CA) ELISA . . L e
capture assays. The data, expressed in terms of percentage of inhibition us!nfecuon' but no S|gn|f|cant Inhlbltory effect was observed
ing the values obtained for non-treated infected-cells as reference, are meandf the diterpenes were added at 10 h post-infection or later.
and vertical error bars showsS.E. of assays performed in triplicate and are  These results demonstrate that both diterpenes affected virus
representative of at least two experiments. production in a time-dependent manner, and that they may
affect an early stage of virus replicative cycle.

40

Virus Production
(% of Inhibition)

20+

[Fraction] (ug/mL)

ner Fig. 2). The EG values obtained for Da-1 and AcDa-1
were 40 and 7Q.M, respectively. At 10@uM, Da-1 inhib-
ited 97% of the virus production while AcDa-1 inhibited
nearly to 70%. These results demonstrate that at least a sig-
nificant part of the anti-HIV-1 effect of the Gi€l,/MeOH
fraction of the extract obtained from the al§a menstru-
alis could be attributed to both diterpenes. The cytotoxic-
ity of each fraction or isolated compound was determined
in parallel with the antiviral activity assays. The isolated
fractions and purified diterpenes showed no significant ef-
fects on the host cell viability or proliferation within the con-
centration range at which the antiviral activity was detected

3.3. Effects of Da-1 and AcDa-1 on virus adsorption
and internalization

In order to further characterize the early viral process
affected by the diterpenes, a p24 antigen uptake assay
was used to evaluate the efficiency of virus adsorption
and internalizationAiken and Trono, 1996 As expected,
treatment with trypsin prior to cell lysis removed more
than 90% of the cell-associated 524 (CA) when the
virus infection was carried out at°€, demonstrating that

(Table 1.
100+ ® Da-
[ O AcDa-1
S5 8o
1001 e Da-1 S=
O AcDa-1 3 2 60
5 c 804 o E 40
52 59
38 o 0
T2 60 S8 204
= c
o o4
g% 4oy
S < T T T T T T
204 0 4 8 12 16 20 24
Time of Addition (hours post-infection)

0 20 40 60 80 100 ) ) o
Fig. 3. Effects of Da-1 or AcDa-1 on the early phase of virus replication cy-

[diterpene](uM) cle: PM-1 cells were infected with HIV-1 for 2 h. The 0 h post-infection was
considered as the time where virus inoculum was replaced by fresh culture
Fig. 2. Antiviral activity of diterpenes isolated froBn. menstrualisPM-1 medium. Da-1 or AcDa-1 (100M) were added to the culture medium to-

cells were infected with HIV-1 for 2 h in the absence of the diterpenes. At gether with virus inoculum or at different times post-infection. In the former
the end of this period of time, virus inoculum was replaced by fresh medium case, virus inoculum was replaced by fresh culture medium containing Da-1
supplemented with Da-1 or AcDa-1. Infected-cells were incubated for 7 or AcDa-1. In all cases, infected-cells were incubated with the compounds
daysinthe supplemented medium. Cell-free supernatants were monitored forfor 7 days. After this period, cell-free supernatants were used to measure
virus production by p2429(CA) ELISA capture assays. The data, expressed virus production. The data, expressed in terms of percentage of inhibition
in terms of percentage of inhibition using the values obtained for non-treated using the values obtained for non-treated infected-cells as reference, are
infected-cells as reference, are means and vertical error barsis8duv of means and vertical error bars shey$.E. of assays performed in triplicate
assays performed in triplicate and are representative of three experiments. and are representative of two experiments.
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Table 1
Determination of Cgp and EG, for isolated-fractions and diterpenes obtained fidnmenstrualiorganic extract
Cells [3H]Thymidine incorporation Cytotoxicity (G%) Antiviral activity (ECsoP)
Total (x10f) Dead (%) CPM &10°)
Control 3.2+ 0.2 1.0+ 0.3 20+ 2.2 - -
CH,Cl2/MeOH fraction 3.4+ 04 1.9+ 0.3 22+ 2.4 >300ug/mL 200pg/mL
n-Hexane fraction 1 3.860.3 2.0+ 05 20+ 1.0 >300ug/mL 100p.g/mL
CH,Cla-fraction 3.2£0.3 1.5+0.3 21+1.0 >300ug/mL 70pg/mL
CHCI3/EtOAc-fraction 3.6+ 0.2 1.0£0.2 19+ 1.8 >300ug/mL 70pg/mL
Da-1 3.3+ 04 2.3+ 0.6 20+ 1.2 >200uM 40 M
AcDa-1 3.0+ 0.3 1.0+ 0.3 17+ 2.0 >200uM 70uM
Nevirapiné >100pM 40 nM

@ 50% cytotoxic concentration (Gg), based on cell viability and proliferation at 3p@/mL of isolated fractions or 200M of isolated diterpenes.
b 50% effective concentration (&), based on virus production measured by ELISA-p24 assay.
¢ In CEM T-lymphoblastoid cells and primary human macrophagéshfnan et al., 1991

virion internalization but not adsorption was prevented 3.4. Effects of Da-1 and AcDa-1 on proviral DNA

(Fig. 4. In contrast, trypsinization of cells infected at
37°C before lysis eliminated adsorbed-virus and there-
fore only internalized virus particles could be detected.

synthesis/integration

Synthesis and integration of proviral DNA are the follow-

Based on these data our results demonstrate that Da-ling steps of the HIV-1 replicative cycle after virus particle
and AcDa-1 did not affect virus attachment to the cell internalization. To investigate the effect of both diterpenes
surface nor internalization into PM-1 cells. For comparative on these processes, HIV-1 infected-cells were treated for 2
purposes virus infection was alternatively carried out in days in the absence or in the presence of dB0Da-1 or

the presence of the monoclonal anti-CD4 Leu3a antibody AcDa-1 and genomic DNA was isolated for amplification of
(Becton Dickinson, San Jose, CA), and we observed that thea specific viral coding sequence only present within the fully
specific inhibitor of virus attachment reduced cell-associated synthesized double-stranded proviral DNA. A fragment of

p24539 (CA) at both 37 and 4C. Similarly to Da-1 and
AcDa-1, nevirapine, a specific inhibitor of the reverse
transcriptase, did not affect either adsorption or penetration.

C—J 40C
1417 49C + Trypsin

379C + Trypsin
124

—_
o
1

p24 (ng/mL)
il

Fig. 4. Effects of Da-1 and AcDa-1 on virus attachment/internalization. PM-
1 cells were infected with HIV-1 (jLg of p24%389(CA), for 2 h in the absence

orin the presence of 1gM Da-1 or AcDa-1, or nevirapine (3.2 or 5.M), . . Lo
or 1pg/mL monoclonal anti-CD4 Leu3a antibody, and maintained at 4 or @nd AcDa-1, respectively. The maximal inhibitory effect of

37°C. After this period, cells were either washed and lysed or trypsinized Da-1 (95%) was observed at the concentration of.BD

and washed prior to lysis. Lysates were processed for virus titer. The data At the same concentration, AcDa-1 also reached a maximal
are representative of three independent experiments.

290 bp encompassing the vigadoteasegene could only be
detected in non-treated infected cells, indicating that incu-
bation of infected cells with Da-1 or AcDa-1 inhibited the
synthesis of the double-stranded proviral DNAg. 5 com-
pare lanes 3 and 4 with lane 2). Similar inhibition was ob-
served in infected cells incubated with nevirapine, a classical
non-nucleoside inhibitor of the reverse transcriptdsg. (5,
compare lanes 5 and 6 with lane 2) or with the anti-CD4 an-
tibody used as inhibitor of virus adsorptiorig. 5 compare
lane 7 with lane 2). These results suggest that both diterpenes
Da-1 and AcDa-1 could be acting after virus adsorption and
penetration, or, more precisely, during the synthesis of the
proviral DNA.

3.5. Effects Da-1 and AcDa-1 on HIV-1 reverse
transcriptase (RT) activity

To investigate the effect of both diterpenes on the syn-
thesis of the double-stranded proviral DNA an in vitro as-
say was performed with the purified recombinant HIV-1 RT.
The RNA-dependent DNA polymerase activity of the viral
enzyme was evaluated in the absence and in the presence
of increasing concentrations of Da-1 or AcDa#fid. 6).

The enzyme was inhibited in a dose-dependent manner by
both compounds with 16 values of 10 and 3pM for Da-1

inhibitory effect, that is near to 70%.
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4

3 5 6 7 8

Fig. 5. Detection of proviral DNA in HIV-1-infected PM-1 cell incubated with Da-1 or AcDa-1: PM-1 cells were infected with HIV-1 for 2 h in the absence

of the diterpenes. At the end of this period, virus inoculum was replaced by fresh medium supplemented wih&a or AcDa-1 or 3.2 or 5.0.M of

nevirapine. Infected cells were incubated for 2 days in the supplemented medium. After this period, genomic DNA was isolated and amplificatiah of the v
proteasegene was performed by nested-PCR. The final 290 pb product was separated in 1% agarose gels, stained with ethidium bromide and visualized o
UV transilluminator: 100 pb ladder (1); infected-cells in the absence (2) or in the presencedf1Da-1 (3); AcDa-1 (4); nevirapine 3;2M (5); nevirapine

5.0nM (6); 1 wg/mL monoclonal anti-CD4 Leu3a antibody (7); positive control (HIV-1 subtype B American-HXB2) (8).

4. Discussion tained in some steps of the procedure were evaluated for anti-

HIV activity in PM-1 cells and our results showed that only
The search for new classes of antiretroviral drugs has be-one of them if-hexane 2) do not affect virus production at

come imperative if we consider the numerous reports on thea significant level. Two diterpenes were isolated and char-

long-term toxicity to the host and the acquired resistance to acterized by the procedure used: 6(R)-6-hydroxydichotoma-

the currently available drugs for anti-HIV theraplucas
et al., 1999; Menendez-Arias, 2002 he number of natu-
ral products with antiviral activity derived from microorgan-

3,14-dieno-1,17-dial (denominated Da-1) and the natural
acetate 6(R)-6-acetoxi-dichotoma-3,14-dieno-1,17-dial (de-
nominated AcDa-1)Teixeira et al., 2001l Da-1 and AcDa-

isms, plants, marine invertebrates and particularly algae hasl inhibited virus replication with Eg values of 4QuM
increased in the last decadegdellina et al., 1993; Loya et  (12.7pg/mL) and 7QuM (24.1pg/mL), respectively. Fur-
al., 1994, 2002; De Clercq, 2000 thermore, Da-1 and AcDa-1 reduced HIV-1 RT activity with
In this work the anti-HIV potential of the Brazilian ma- 1Csg values of 1QuM and 35uM, respectively. Considering
rine brown algaD. menstrualisvas evaluated in vitroThe that neither Da-1 nor AcDa-1 affected cell viability or pro-
anti-HIV-1 activity of the organic extract was determined in liferation, the synthesis of proviral DNA is a specific target
PM-1 cells in vitro. The inhibitory effect observed led us to for the anti-HIV-1 activity of the diterpenes.
isolate compounds that could account for this biological ac-  The antiviral activities described here for Da-1 and AcDa-
tivity. Considering that two isolated-diterpenes denominated 1 are as effective as those described for previously isolated
hydroxidictiodial and dictiodial showing inhibitory effect diterpenesNinomya et al., 1995 hydroxidictiodial and dic-
against HIV-RT activity have been previously isolated from tiodial, that showed E&g values of 4.3 and 9.2g/mL, re-
the related brown algB. dichotomaNinomya et al., 1995 spectively. The well-known non-nucleoside inhibitor of the
a procedure for isolation of diterpenes frdn menstrualis HIV-1 RT nevirapine is more effective as inhibitor of virus
was developedTgixeira et al., 2001 Isolated fractions ob-  production and enzyme activity than the diterpenes described
here. HIV p24 antigen production by both HI\dy-infected
CEM T-lymphoblastoid cells and HIVgl_gs-infected pri-
mary human monocytes/macrophages was inhibited by nevi-

o 190 o popat rapine at an E of 40 nM, while the recombinant HIV-1

= 80 RT was inhibited at an I§3 of 84 nM (Merluzzi et al., 1990;

IE Richman et al., 1991 There are few reports on the anti-

g HIV-1 properties of diterpenes and we believe that they may

.2 40 represent an interesting class of anti-HIV-1 agents.

3 20 Inhibition of HIV-1 replication by terpenes such as be-

- tulinic acid and derivatives has been previously demonstrated
0 0 50 40 60 80 100 (Fujioka et al., 1994; Kashiwada et al., 1996he inhibitory

mechanism of the betulinic acid derivative RPR 103611,
which is structurally different from Da-1 and AcDa-1, in-
Fig. 6. Effects of Da-1and AcDa-1 onthe RNA-dependent DNA polymerase Vo_lves blockade of the fUSIO_n mechanism O.f HIV-1 envelope
activity of the recombinant HIV-1 RT: the RNA-dependent DNA-polymerase  With cell receptor by targeting the gp41 viral glycoprotein
activity of the HIV-1 RT was assayed by incorporation #H[dTTP in the (Mayaux et al., 1994 Our results demonstrate that both
reaction product with poly(rA).oligo(dT) as the template primer, as described diterpenes affected an early step of the virus replicative cycle.
in Section 2 The assays were carried out at the concentration near Kythe However, we could not observe any inhibitory effect of Da-1

value for BH]dTTP (10pnM) and saturating concentration for the template .
primer (150ug/mL) (Wu et al., 1988 The data are means and vertical error and AcDa-1 on virus attachment or entry. These results sug

bars showtS.E. of assays performed in triplicate and are representative of 9€St that a post-internaliza_ltion event on the replicative cycle
two experiments. could be targeted by the diterpenes.

[Inhibitor] (uM)
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Synthesis and integration of the proviral DNA into the
host genome are the following events in the virus replicative
cycle after virus internalizatiorT(rner and Summers, 1999
The lack of amplification of a fully synthesized proviral DNA

from infected-cells incubated with the diterpenes suggested

that viral DNA synthesis and/or integration could be the tar-

75

combinant wild-type and mutant HIV-1 reverse transcriptase. Protein
Expr. Purif. 7, 27-32.

Fujioka, T., Kashiwada, Y., Kilkuskie, R.E., Cosentino, L.M., Ballas,

L.M., Jiang, J.B., Janzen, W.P., Chen, I.S., Lee, K.H., 1994. Anti-
AIDS agents, 11. Betulinic acid and platanic acid as anti-HIV prin-
ciples fromSyzigium claviflorumand the anti-HIV activity of struc-
turally related triterpenoids. J. Nat. Prod. 57, 243-247.

gets for these compounds. Synthesis of the proviral DNA is Hizi, A., McGill, C., Hughes, S.H., 1988. Expression of soluble, enzy-

carried out by the HIV-1 RT{urner and Summers, 1999
A cell-free in vitro assay of the RNA-dependent DNA poly-

matically active, human immunodeficiency virus reverse transcriptase
in Escherichia coliand analysis of mutants. Proc. Natl. Acad. Sci.
U.S.A. 85, 1218-1222.

merase activity of the recombinant HIV-1 RT in the presence nuang, P, Farquhar, D., Plunkett, W., 1992. Selective action’ -2

of Da-1 and AcDa-1 demonstrated a dose-dependent inhibi-

tion of the viral RT activity with IGg values of 10 and 3pM,
respectively. Inhibition of virus reverse transcription and con-
sequently inhibition of synthesis of the proviral DNA by the

didehydro-2,3-dideoxythymidine triphosphate on human immunode-
ficiency virus reverse transcriptase and human DNA polymerases. J.
Biol. Chem. 267, 2817-2822.

Jung, M., Lee, S., Kim, H., 2000. Recent studies on natural products as

anti-HIV agents. Curr. Med. Chem. 7, 649-661.

diterpenes is likely the mechanism involved in the inhibition kashiwada, Y., Hashimoto, E., Cosentino, L.M., Chen, C.H., Garrett, P.E.,

of virus replication in PM-1 cells.

Nevertheless, our data do not rule out a possible inhibitory

effect of the diterpenes on the viral integrase. If HIV-1 inte-

grase would be a second target, the inhibitory effect of the

diterpenes on HIV-1 replication should be the outcome of
their inhibitory effects on both HIV-1 RT and integrase. How-
ever, since the I values obtained for Da-1 and AcDa-1 in

the HIV-1 RT assay are of the same order of magnitude as the

ECso values obtained by the analysis of HIV-1 production in
infected cells, HIV-1 RT is likely the only viral target for both
diterpenes.

Further studies on the kinetic mechanism of HIV-1 RT
inhibition by Da-1 and AcDa-1 could improve our knowledge
on the interactions between this important viral target for
antiretroviral therapy and non-nucleoside inhibitors.
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