
Phytochemistry 71 (2010) 243–248
Contents lists available at ScienceDirect

Phytochemistry

journal homepage: www.elsevier .com/locate /phytochem
Effects of diterpenes from latex of Euphorbia lactea and Euphorbia laurifolia on
human immunodeficiency virus type 1 reactivation

Liliana Avila a, Moises Perez b, Gonzalo Sanchez-Duffhues b, Rosario Hernández-Galán c, Eduardo Muñoz b,
Fabio Cabezas d, Winston Quiñones a, Fernando Torres a, Fernando Echeverri a,*

a Grupo de Química Orgánica de Productos Naturales, Instituto de Quimica, Universidad de Antioquia, Medellín, Colombia
b Departamento de Biología Celular, Fisiología e Inmunología, Universidad de Córdoba, Córdoba, Spain
c Departamento de Química Orgánica, Facultad de Ciencias, Universidad de Cádiz, Cádiz, Spain
d Departamento de Química, Facultad de Ciencias, Universidad del Cauca, Popayán, Colombia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 9 August 2009
Received in revised form 1 October 2009
Available online 10 November 2009

Keywords:
Euphorbiaceae
E. laurifolia
E. lactea
HIV
Latency
Reactivation therapy
0031-9422/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.phytochem.2009.10.005

* Corresponding author. Tel.: +57 42196595; fax: +
E-mail address: echeveri@quimbaya.udea.edu.co (
The persistence of latent HIV-infected cellular reservoirs represents the major hurdle to virus eradication
in patients treated with highly active antiretroviral therapy, referred to as HAART. HIV-1 reservoirs are
long-lived resting CD4+ memory cells containing the virus latently integrated. Since the HIV-1 reservoirs
are not targeted by HAART, reactivation therapy has been suggested to purge viral latency. Bioassay-
guided study of an ethyl acetate extract of Euphorbia laurifolia afforded two isomeric diterpenes that
showed differential activity over HIV-1 reactivation. A previously reported compound was isolated too
from Euphorbia lactea. This compound showed a potent HIV-1 reactivating effect. Bioassays results
showed that HIV-1 reactivation activity is influenced by distinct structural characteristics.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

The Euphorbiaceae family includes nearly 8000 species, most of
which are characterized by latex production. Some species are
important as medicinal and nutritional plants, whereas others
are sources of oil and biofuels; nearly 43 species of plants from
the Euphorbia genus are distributed in Colombia and many are
used in traditional medicine (Murillo, 2004). Additionally, about
400 diterpenoids have been isolated from plants of the Euphorbia
genus (Lu et al., 2008) with a wide spectrum of biological activities
such as skin and eye irritants (Ahmed et al., 1999), apoptotic
(Blanco-Molina et al., 2001), cytotoxic (Vigone et al., 2005) and cell
proliferation induction (Touraine et al., 1977) properties. Non-tu-
mor-promoter diterpenes such as prostratin (12-deoxyphorbol
13-acetate) have anti-HIV-1 activity (Gulakowski et al., 1997).

Although the actual HAART is undoubtedly a life-saving therapy
for millions of AIDS patients, the persistence of latent HIV-infected
cellular reservoirs represents the major hurdle to virus eradication
with HAART, since latently infected cells remain a permanent
source of viral reactivation. As a result, a sudden rebound of the
virus load after interruption of HAART is generally observed
(Blankson et al., 2002; Persaud et al., 2003), and eradication of viral
ll rights reserved.
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reservoirs should be a new goal for HIV-1 therapeutics (Richman
et al., 2009). In this sense, it has been suggested that reactivation
of the latent reservoirs could allow effective targeting and possible
eradication of the virus (Richman et al., 2009). It is thought that
viral reactivation would result in lytic cell death of CD4+ T-cells be-
cause of either the cytopathic effect of the virus or through recog-
nition of infected cells by the immune system. In addition, viral
reactivation in the presence of HAART would prevent new infection
events.

Viral reactivation therapy is a potential therapeutic option to
purge the viral reservoirs and should not induce polyclonal T-cell
activation (Williams and Greene, 2007). Natural or synthetic pro-
tein kinase C (PKC) agonists lacking tumor-promoter activity
clearly fulfil this criterion and this has opened new avenues for
the possible treatment of HIV-1 latency. Thus, a host of small
molecules, including prostratin (Kulkosky et al., 2001), ingenols
(Warrilow et al., 2006) and 1,2-diacylglycerol analogs (Hamer
et al., 2003), has been suggested as agents to reactivate HIV and
eradicate the pool of latently HIV-infected CD4+ T-cells (Kulkosky
and Bray, 2006). Prostratin and other non-tumorogenic PKC ago-
nists reactivate HIV-1 latency in ‘‘vitro” by activating NF-jB
through a PKC-dependent pathway (Trushin et al., 2005; Marquez
et al., 2008).

In this paper, we report the activity of extracts and chromato-
graphic fractions of Euphorbia laurifolia and Euphorbia lactea latex,
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and the isolation and structural elucidation of three diterpenes
from those plants that antagonized HIV-1 latency in the Jurkat-
LAT-GFP cells.
2. Results and discussion

2.1. Structural elucidation

An E. laurifolia ethyl acetate extract was fractionated using a Si
gel column eluted with increasing mixtures of hexane:ethyl acetate;
20 fractions of 30 mL were obtained. Fraction 12 was selected on the
basis of preliminary bioassays on activation of HIV latency and the
presence of diterpenes, according to its proton NMR spectroscopic
profile. Therefore, this fraction was separated by preparative TLC
with successive elutions (3�) in hexane–acetone 3:1 (v/v). From this
purification process, two diterpenes were obtained, 1 and 2.

Compound 1 was obtained as a resinous solid whose HRMS
exhibited an ion at m/z 488.2774 which is in agreement with
the molecular formula C28H40O7, from which nine degrees of
unsaturation were deduced. The 1H NMR spectrum of 1
(600 MHz) (Table 1) showed signals for the presence of two acet-
oxyl groups [d 2.07 (s) and d 2.06 (s)] and an isobutyrate group
[2.58 (septet, J = 7.0 Hz, 1.17 and 1.18 (d, J = 7.0 Hz)]. Further, its
1H NMR spectrum showed resonances for two olefinic protons [d
6.58 (dd, J = 11.5 and 1.2 Hz) and d 5.50 (dq, J = 10.7 and 7.5 Hz)],
Table 1
NMR spectroscopic data for compounds 1–3 (600 MHz for 1H NMR and 125 MHz for 13C N

Position Compound 1 Compound 2

d 1H (J in Hz) d 13C NOE d 1H (J in Hz)

1a 2.17 dd (14.6, 7.1) 40.83, t 3.53 dd (14.1,
1b 2.61 dd (14.6, 9.0) 1.47 dd (14.1,
2 2.26 (m) 38.12,d 2.15 m

3 4.78 dd (7.5, 5.4) 82.03, d 5.22 t (3.5)
4 2.80 dd (10.5, 7.5) 48.19, d 2.48 dd (10.6,
5 5.50 dq (10.5, 7.5) 122.27, d H-8, H-12, H-7b 5.56 ddq (10.9
6 137.52, s
7b 2.63 (m) 43.27, t 2.63 m
7a 1.94 dd (12.5, 11.3) 1.94 dd (12.5,
8 4.97 dt (11.3, 3.6) 74.83, d H-5, H-7b,

H-12, H-18
4.94 dt (J = 10

9 1.24 dd (11.3, 8.6) 36.48, d 1.24*

10 24.88, s
11 1.60 dd (11.5, 8.6) 30.00, d 1.59 dd (11.5,
12 6.58 dd (11.5, 1.2) 144.33, d 6.66 dd (11.5,
13 133.80, s
14 195.22, s
15 95.51, s
16 1.07 d (6.9) 16.45, q 0.95 d (6.7)
17 1.42 d (1.3) 20.31, q 1.44 d (1.6)
18 (b) 1.06 s 19.38, q 1.05 s
19 (a) 1.19 s 29.15, q 1.19 s
20 1.83 d (1.2) 12.56,q H-11, H-17 1.83 d (1.3)
8-Ac2 2.06 s 171.22, s 2.07 s

21.80, q

15-Ac1 2.07 s 171.35, s 2.03 s
21.80, q

COCH(CH3)2 2.58 sep (7.0) 34.65,d 2.65 m **

COCH(CH3)2 1.17 and 175.26, s 1.25 and
1.18 d (7.0) 19.72, q 1.28 d (7.0)

20.08, q

* Signal overlapped to –(CH3)2.
** Signal overlapped to H-7.
two vinylic methyl groups at d 1.42 (d, J = 1.3 Hz) and 1.83 ppm
(d, J = 1.2 Hz) and two signals for protons attached to carbon oxy-
genated atoms at d 4.97 (dt, J = 11.3 and 3.6 Hz) and 4.78 ppm
(dd, J = 7.5 and 5.4 Hz).

Analysis of 1H–1H-COSY, HMQC and HMBC spectra provided
evidence for two spin-systems X and Y (Fig. 1). Fragment X was de-
duced through a correlation observed in the 1H–1H-COSY spectrum
between the doublet assignable to the vinyl proton at d 6.58 ppm
(H-12) and the doublet of doublets at d 1.60 ppm (H-11), which
has a coupling with the dd at d 1.24 ppm (H-9). Additionally, the
last signal displayed a coupling with the dt at d 4.97 (H-8) ppm,
which in turn exhibited two other couplings with methylene pro-
tons at d 1.94 (H-7a) and at d 2.63 (H-7b). Finally, the same vinylic
proton at d 6.58 displayed a weak correlation with the doublet at
1.83 ppm (Me-20).

Two long-range correlations observed in the HMBC experiment
for the second olefinic proton at d 5.50 ppm (H-5) permit us to
established fragment Y. The first one was weak, indicating an
allylic coupling with the methyl group at dH 1.42 ppm (Me-17). A
strong coupling with a methine proton (H-4) at dH 2.80 ppm was
also observed. Another sequence of correlations was observed from
H-4 to H-3 (4.78 ppm), from H-3 to H-2 (2.26 ppm), and from H-2
to the C-1 methylene protons and the secondary methyl group at
dH 1.06 ppm. Fragments X and Y (Fig. 1) account for a total of 15
carbons.
MR) in CDCl3.

Compound 3

d 13C NOE d 1H (J in Hz) d 13C

8.3) 40.21, t H-1b, H-2 2.81, dd (15.0, 8.5) 31.72, t
12.5) 1.67, dd, (15.0, 1.5)

38.78, d H-3, H-4, H1a,
Me-16

2.57, m 29.72, d

80.58, d H-2, H-4 77.66, d
3.5) 51.48, d 5.19, d (9.5) 71.41,s
, 1.3, 1.6) 122.41, d 5.77, sbr 116.55, d

137.51, s 141.36, s
43.22, t 4.28, sbr 76.38.d

11.2)
.9, 3.8) 74.98, d H-5, H-7b,

H-12, H-18
4.55, dd (10.5, 1.5) 74.35, d

36.44,d 1.42, dd (10.0, 10.5) 23.64, d
25.07, s 1.09, dd (10.5, 9.0) 19.10, s

8.3) 29.15, d 4.86. dd (10.5, 3.9) 30.95, d
1.3) 144.64, d 2.91, dq, (6.0, 3.9) 70.80, d

133.59, s 43.29, d
195.28, s 207.59, s
94.97, s 0.89, d, (7.5) 73.73, s
16.48, q H-3, H-2, H-1b 2.06, sbr 16.96, q
20.55, q 1.05, s 17.44, q
19.46, q 0.82, s 20.09, q
29.14, q 1.04, d (8.0) 16.36, q
12.62, q H-11, H-17 2.10, s 13.31, q
170.48, s 2.09, s 12-OAc
21.65, q 170.42, s

21.00, q
170.18, s 6.83, qq (7.0, 1.0) 3-OAc
21.75, q 1.80, dq, (6.0, 1.0) 170.62, s

1.83, dq, (1.0, 1.0) 20.66, q
34.60, d 2.81, dd, (15.0, 8.5) 8-OTig

1.67, dd, (15.0, 1.5) 167.42, s
2’ 128.37, q
3’ 138.16, d
4’ 12.01, q
5’ 14.68,q

176.83, s
19.74, q
20.55, q
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The dimethylcyclopropane moiety was deduced from long-
range correlations involving the two methyl signals at dH 1.19
and 1.06 ppm, H-11 1.60 ppm) and the quaternary carbon at dC

24.9 ppm (C-10).
The connectivities of these partial structures were established

by the long-range C–H correlations found in the HMBC. In this
spectrum, C–H correlation between the carbonyl group signal at
dC 195.22 ppm, the signal at dY 1.83 pm corresponding to the
methyl group on C-13 (Me-20) and the methine resonance at dY
2.80 ppm (H-4) were observed. Further correlations between Me-
17 (d 1.44, d) and C-7 (dC 43.27 ppm) and between a quaternary
oxygenated carbon at 95.51 ppm (s) with H-1 and the correlation
above between H-1, H-2, H-3 and H-4 allowed the establishment
of a lathyrane framework.

The location of the substituent was confirmed in a similar way.
The isobutyrate group was located on H-3 through the 3J and 2J
correlations to the carbonyl group (175.26 ppm) from the dd at
dY 4.78 ppm (H-3), the methine group at dY 2.58 ppm and the
methyl group at dY 1.17 ppm. In consequence, the other two sub-
stituents corresponding to two acetoxyl group, were located on
C-8, according to the long-range coupling between a carbonyl
group at dC 171.22 ppm with signal at dY 4.97 ppm (H-8), and by
deduction on C-15. With regard to the above data, the structure
of compound 1 was established as depicted in Fig. 2. Although
the basic skeleton was reported before, these substituents are re-
ported for the first time.

Compound 2 was an amorphous white solid whose molecular
formula was assigned as C28H40O7 according to HRMS. Its 1H and
13C NMR spectra were similar to those of 1. The main differences
were a downfield chemical shift of the signal at 5.22 pm (t,
J = 7.0, H-3) in 2, and the presence of a dd at d 3.53 (J = 8.3 and
14.1 Hz), corresponding to a methylene proton, whose geminal
proton was at dY 1.47 ppm. In the methyl region, nine signals were
observed: d 0.94 (J = 7.2 Hz, Me-16), 1.05 (s, Me-19), 1.19 (s,
Me-18), 1.25 (d, J = 7.0 Hz), 1.28 (d, J = 6.7 Hz), 1.44 (d, J = 1.4 Hz,
Fig. 1. Partial structure of compound 1.

Fig. 2. Diterpenes isolated from E. laurifolia (1 and 2) and E. lactea (3).
Me-17), 1.82 (d, J = 1.0, Me-20), 2.03 (s), 2.07 ppm (s). Two acetates
and an isobutyrate were also detected.

HMBC long-range correlations were observed between an a,b-
unsaturated carbonyl group at dC 195.28 ppm (C-14), a vinylic
methyl group at dY 1.82 ppm and two methylene protons at dY
3.50 and 1.46 ppm (C-1), which is unusually downfield shifted
when compared to compound 1. The isobutyrate carbonyl group
at dC 176.83 ppm showed a 3J correlation with the t at dH

5.10 ppm, confirming that 2 is an isomer of 1 at C-2. Modifications
in the stereochemistry of methyl group caused changes in the
chemical shifts of H-4, H-3 and the methylene group located in
C-1.

The relative configuration of both compounds was deduced from
coupling constant values, NOEs and the ROESY spectrum assuming
an orientation for H-4 a on biogenetic grounds (Duarte et al., 2007;
Appendino et al., 1999; Ferreira et al., 2002). The coupling constants
observed between protons H-2, H-3 and H-4 (J2–3 = J 3–4 = 3.5 Hz in
compound 2 and J3–2 = 5.4 Hz and J3–4 = 7.5 Hz in compound 1)
indicate they are only isomeric at C-2. The ROESY experiment for
compound 1 showed a cross-peak between H-3, H-4 and Me-16
indicated an a-configuration for the methyl on C-2 and beta for
the isobutyrate attached in C-3. NOE experiments displayed inter-
actions of H-3 with H-2 and H-4 in compound 2, indicating that
the C-2 methyl group was a and the isobutyrate at C-3 was b. Cor-
relations in the ROESY spectra of both compounds showed that H-5,
H-8 and H-12 lie on the b face of the molecule, while Me-17, Me-20
and H-11 lies on the a face. Assuming an a-orientation for H-11,
characteristic for lathyrane-type diterpenes, we optimized the
geometry and got low energy conformers for both possible
diastereoisomers on C-8 (ChemBio 3D Ultra 7.5), noticing that the
observed cross-peak in the ROESY were only possible with an
a-relative disposition of substituent on C-8. In these molecules,
the stereochemistry is very important since both compounds pos-
sess differential activity against HIV latency reactivation.

Additionally, the E. lactea ethyl acetate extract was fractioned
by column chromatography as for E. laurifolia. Twenty fractions
were collected and monitored through TLC and NMR spectroscopic
analyses for the presence of diterpenes; fraction 12 was the richest
in this type of compounds, on the basis of the presence of several
methyl groups and signals for a cyclopropyl moiety in its 1H
NMR spectra. Additionally, a high latency reactivation activity
was observed. Purification by preparative TLC using hexane:ace-
tone 9:1 as eluent yielded an ingol diterpene 3 (Fig. 2), which
was isolated as a resinous material. The structure of compound 3
was identified by physical and spectroscopic data measurement
(½a�20

D ;
1H NMR, 13C NMR, 2D-NMR and MS) and by comparing the

data obtained with published values, such as 3,12-di-O-acetyl-8-
O-tigloylingol (3), a triester previously isolated from the same
source, whose stereochemistry was confirmed by ROESY and X-
ray diffraction (Upadhyay and Hecker, 1975; Ahmed et al., 1999).

2.2. Biological activity

2.2.1. Effects of extracts and fractions from latex of E. laurifolia and E.
lactea on HIV-1 reactivation from latency

The effect of extracts and fractions from latex of E. laurifolia
(LEL) and E. lactea (LEC) on HIV-1 reactivation in Jurkat-LAT-GFP
cells was evaluated (Fig. 3). Jurkat-LAT-GFP cells contain a single,
full-length integrated HIV provirus in which GFP has been substi-
tuted for Nef. Similar to latently infected CD4+ T-cells, the HIV-1
genome is inhibited at the transcriptional level and viral reactiva-
tion can be measured by cytometric detection of GFP epifluores-
cence (Marquez et al., 2008). Thus, Jurkat-LAT-GFP cells were
treated for 12 h with 1 lg/ml of either the extract LEL or each of
the seven fractions obtained from the crude extracts. We found
that LEL potently reactivated HIV-1 from latency (93.7% of GFP+
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cells), and that this activity was retained mainly in fractions F12,
F15 and F20 (Fig. 3A). The extract from E. lactea (LEC) was also a
potent antagonist of HIV-1 latency (82.3% of GFP+ cells) and this
activity was retained in fraction 12 (F12) (Fig. 3B). We shown in
Fig. 3 that they were able to antagonize HIV-1 latency very effi-
ciently. As a positive control, we used PMA (phorbol-12-myris-
tate-13-acetate), a potent phorbol ester with PKC agonistic
activity. The effect of the extracts and fractions on Jurkat-LAT-
GFP was dose-dependent reaching maximum activation at the con-
centration of 1 lg/ml.
Fig. 4. Effect of isolated compounds on HIV-1 reactivation. Jurkat-LAT-GFP cells
were stimulated with PMA and compounds 1–3 (C-1, C-2 and C-3) for 6 h and later
analyzed by flow cytometry. The results show the percentage of GFP+ cells.
2.2.2. Effect of compounds 1, 2 and 3 on HIV reactivation
Subsequently, we investigated the biological activity of the two

isolated compounds from F12 of LEC extracts (1 and 3) and the iso-
lated compound from F12 or LEL extracts (3). Compound 3 was
able to reactivate HIV-1 latency in a concentration dependent
manner (data not shown) with an EC50 of 0.5 lg/ml and reaching
maximal GFP induction at 5 lg/ml (84.3%). In contrast, compounds
1 and 2, even at concentrations of 25 lg/ml, were significantly less
active to antagonize HIV-1 latency (33% and 0%, respectively) than
the original fraction (F12 from E. laurifolia) from which they were
isolated (Fig. 4). The lost of activity is probably due to either
decomposition of active substances or perhaps to a synergistic ef-
Fig. 3. Effect of extracts from E. laurifolia and E. lactea and chromatographic
fractions (F) on HIV-1 reactivation. (A) Jurkat-LAT-GFP cells were stimulated with
either PMA (50 ng/ml), or extract LEL or fractions F1, F5, F8, F12, F15, F20 and F21
for 12 h and the expression of GFP determined by flow cytometry. (B) Effect of
extract LEC and F12 fraction on HIV reactivation. The results show the percentage of
GFP+ cell and represent the mean of three independent experiments.
fect with all molecules in the chromatographic fractions. The
decomposition of some diterpenes from Euphorbiaceae during
fractionation and isolation procedures has been reported previ-
ously (Keeler and Tu, 1991).
2.2.3. Compound 3 reactivates HIV-1 latency through a PKC-depen-
dent pathway

Protein kinase C (PKC) belongs to serine/threonine kinases fam-
ily and plays a central role in signals transduction in response to
extracellular stimulus carried out by diacylglycerol (DAG). The
PKC isozymes are differently involved in regulation of cell prolifer-
ation, differentiation, cell survival, apoptosis and carcinogenesis
(Kheifets and Mochly-Rosen, 2007). Natural compounds such as
phorbol esters and ingenols isolated from Euphorbiaceae family
are known to bind the C1 domain of PKC leading to their activation
(Kazanietz, 2002; Hritz et al., 2004). Due to the structural similarity
between compound 3 and phorbol esters such as PMA and pros-
tratin, we studied the role of PKC on compound 3-induced HIV-1
reactivation. Thus, Jurkat-LAT-GFP cells were pretreated with the
chemical inhibitors Go6976 (classical PKCs inhibitor) and Go6850
(classical and novel PKCs inhibitor) for 30 min, then the cells were
stimulated with increasing concentrations of compound 3 for 6 h
and finally the percentage of GFP positive cells were determined
by flow cytometry. The results showed that GFP expression in-
duced by compound 3 was strongly inhibited by Go6976 and
Go6850 (Fig. 5), and this result strongly suggests that compound
3 reactivates HIV-1 through a PKC-dependent pathway.
Fig. 5. Effect of PKC inhibitors Go6976 and Go6850 on Jurkat-LAT-GFP cells
stimulated with compound 3. The cells were pretreated with the indicated
inhibitors for 30 min at the indicated concentration and then stimulated with
compound 3 for 6 h. Percentage of GFP+ cells was measured by flow cytometry. The
results are the percentage of activation compared to treated cells in absence of
chemical inhibitors (100% of activation).



Fig. 6. Effects of compound 3 on IjB, JNK and ERK phosphorylation. Jurkat-LAT-GFP
cells were stimulated for 5, 15 and 30 min. IjB, JNK and ERK phosphorylation and
a-tubulin levels were analyzed by western blot using specific antibodies.
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2.2.4. Effect of compound 3 on signaling pathways
Several groups have independently demonstrated that different

PKC agonists reactivate HIV-1 latency by activating a PKC-depen-
dent NF-jB pathway (Williams et al., 2004; Trushin et al., 2005;
Marquez et al., 2008). To study the biochemical pathways activated
by compound 3, we incubated Jurkat-LAT-GFP with either PMA (po-
sitive control) or compound 3 (5 lg/ml) for 5, 15 and 30 min, total
proteins extracted and the phosphorylation of both IjBa, and the
MAPKs (JNK and ERK) was analyzed by western blot using specific
antibodies. In Fig. 6, it is shown that both PMA and compound 3
clearly activated these pathways with a similar kinetic. IjBa phos-
phorylation is the hallmark of canonical pathway of the NF-jB acti-
vation and JNK and ERK activation is also involved in HIV-1
transcriptional activity. Altogether our results demonstrated that
compound 3 antagonize HIV-1 latency by activating a PKC–NF-
jB–MAPKs signaling pathways similarly to the pathways described
for other naturally occurring PKC activators (Marquez et al., 2008).

3. Conclusion

The existence of HIV-1 reservoirs resistant to HAART has in-
creased the interest in searching molecules with ability to activate
latent provirus and use them in combination with current antiret-
roviral therapy. PKC agonists lacking tumor-promoter activity such
as prostratin have been suggested as pharmacological candidates
to purge HIV-1. Prostratin, isolated from Homalanthus nutans, is a
very promising compound for the treatment of HIV-1 reservoir that
has recently received renewed attention because its synthesis
starting from phorbol has been reported. However, the suitability
of this compound to be used in humans is unknown since preclin-
ical testing is still underway. Moreover, relatively high concentra-
tions were required to activate the provirus, and therefore it has
been suggested that prostratin could have negative secondary ef-
fects to long term treatments (Williams et al., 2004).

In this work, three diterpenes were isolated; compounds 1 and 2,
isolated from E. laurifolia are reported for the first time. Compound
3, isolated from E. lacteal, was identified as 3,12-di-O-acetyl-8-O-
tigloyl-ingol and was previously reported by Upadhyay and Hecker;
this compound effectively promoted HIV-1 replication. Compound
1 showed a moderate activity, whereas the isomeric compound 2
was practically inactive. It seems the stereochemistry of the side-
chain and then the conformational facts between cyclopentyl and
the parent (basic) skeleton are responsible for this biological effect.

Additionally, the mechanism of action of compound 3 seems to
involve the PKC pathway because its effect was antagonized by
PKC inhibitors Go6976 and Go6850; similar results are reported
by Marquez et al. (2008), where Go6976 and Go6850 were able to
inhibit GFP expression in Jurkat-LAT-GFP cells stimulated with
prostratin and phorbol 13-stereate. In the same way, compound
3 induces IjBa phosphorylation and its subsequent degradation,
showing that the activation can be induced by NFjB in a similar
way to prostratin (Williams et al., 2004). Finally, a JNK and ERK
phosphorylation were detected, probably indicating the participa-
tion of other transcription factors such as AP-1 that can contribute
with NF-jB to reactivate HIV-1 from latency (Warrilow et al.,
2006; Williams et al., 2004).

Although compound 3 is closely related to another compound
which displayed similar action on HIV -1 (Daoubi et al., 2007), in-
gol-type compounds as 1 and 2 are reported for the first time with
this activity and triggers a reexamination of the structural require-
ments postulated before in prostratin and phorbol to promote cell
proliferation or HIV latent reactivation (Marquez et al., 2008).
Moreover compound 3 did not show any cytotoxicity at the con-
centrations and times investigated suggesting that it is endowed
with a high selectivity index (data not shown).

In conclusion, some fractions and pure compounds isolated
from E. lactea and E. laurifolia promote the latent HIV-1 replication.
The wide chemical diversity of diterpene from Euphorbiaceae spe-
cies and their biological effects can be useful to understanding the
cellular process involved in HIV-1 latency and development of new
drugs for AIDS treatment.
4. Experimental

4.1. General

The solvent used for latex extraction and fractionation was
freshly distilled. TLC plates Si 60 were performed on Merk kieselgel
F254, and for preparative chromatography Analtech Silica gel GF pla-
ques were used. All compounds were detected by spraying with 10%
H2SO4, followed by heating. For column chromatography (CC) silica
gel 60H (Merk) and Sephadex LH 20 (Sigma) were used. The UV spec-
tra were recorded on a Perkin Elmer Lambda 12 spectrophotometer,
the IR spectra were recorded on a Nicolet Avatar 330 FT-IR spectro-
photometer. 1H NMR and 13C NMR spectra were recorded on a Bruc-
ker AMX 300 and Varian 600 MHz NMR spectrometers, operating at
300 and 600 MHz for 1H and 75 and 150 MHz for 13C, respectively.
MS were recorded on an Agilent LCTOF-APCI spectrometer. Flow
cytometry was measured in a Coulter (Hialeah, FL). Immunodetec-
tion of specific proteins was carried out with primary antibodies
using an ECL system (GE Healthcare). Protein concentration was
determined by the Bradford assay (Bio-Rad, Richmond, CA, USA).

4.2. Cell lines and reagents

Jurkat-LAT-GFP cells were grown at 37 �C and 5% CO2 in supple-
mented RPMI 1640 medium (Cambrex Co., Barcelona) containing
10% heat-inactivated fetal bovine serum, 2mMglutamine, penicillin
(50 U/ml) and streptomycin (50 mg/ml). The Go6976 and Go6850
inhibitors were from Calbiochem (EMD Biosciences, Inc., Darms-
tadt, Germany). The antibody anti-phospho-IjBa (92465) was
from Cell Signaling (MA, US), mAb anti-tubulin was purchased
from Sigma Co. (St. Louis, MO, USA), anti-phospho-ERK (sc-7383)
was from Santa Cruz Biotechnology (CA, US) and anti-phospho-
JNK (9255S) was from New England Biolabs (Hitchin, UK).

4.3. Plant material

Latex from E. laurifolia was collected in March of 2007 in Cauca,
Colombia and latex from E. lactea was collected in Tolima, Colom-
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bia, in June of 2007. Latex was obtained making cut on stalk and
collecting milky secretion. A voucher of E. laurifolia was deposited
in the Universidad del Cauca Herbarium (Colombia) with the code
CAUP fl22168 and a voucher of E. lactea was deposited in the Uni-
versidad del Tolima Herbarium (Colombia) with the code
TOLI2367.

4.4. Extraction and isolation of compounds

Latex from E. laurifolia and E. lactea (100 ml each one) were ex-
tracted with EtOAc, and then filtered and evaporated to produce
3.5 and 4.0 g of crude extract, respectively. The laths were individ-
ually fractionated using silica gel 60 CC, eluted with hexane:EtOAc
(95:5 v/v). Hundred fractions were obtained for each extract and
those were combined in 21 fractions for E. laurifolia and 20 frac-
tions for E. lactea according to TLC profiles. Fractions 12 (120 mg)
and 15 (150 mg) from E. laurifolia and fraction 12 from E. lactea
(25 mg) were further fractionated by preparative TLC. From E. lau-
rifolia, fraction 12 compound 1 (6 mg) and 2 (8 mg) were isolated
using hexane:acetone (1.7:0.3 v/v) as eluent, and from fraction
12 (E. lactea) compound 3 (10 mg) was isolated using as eluent
hexane:acetone (9:1 v/v), using fraction 15 (E. laurifolia), it was
not possible to isolate any compound due to their lability.

4.5. Biological assays

4.5.1. Determination of HIV-1 reactivation in a cellular model of HIV-1
latency

Jurkat-LAT-GFP is a Jurkat derived clone latently infected with a
recombinant virus containing the GFP gene driven by the HIV-LTR
promoter (Marquez et al., 2008). The cells were stimulated with
either phorbol-12-myristate-13-acetate (PMA, 1 lg/ml) or com-
pounds 1, 2 and 3 for 6 or 12 h and the GFP expression was ana-
lyzed by flow cytometry in an EPIC XL flow cytometry. Ten
thousand gated events were collected per sample and the fluores-
cence pattern was determined.

4.5.2. Western blot
Jurkat-LAT-GFP cells (106 cells/ml) were stimulated with com-

pound 3 for 5, 15 and 30 min, then cells were washed with PBS
and proteins extracted in 50 ml of lysis buffer (20 mM Hepes pH
8.0, 10 mM KCl, 0.15 mM EGTA, 0.15 mM EDTA, 0.5 mM Na3VO4,
5 mM NaF, 1 mM DTT, leupeptin 1 mg/ml, pepstatin 0.5 mg/ml,
aprotinin 0.5 mg/ml, and 1 mM PMSF) containing 0.5% NP-40. Pro-
tein concentration was determined by the Bradford assay and
30 mg of proteins were boiled in Laemmli buffer and electrophore-
sed in 10% SDS/polyacrylamide gels. Separated proteins were
transferred to nitrocellulose membranes (0.5 A at 100 V) for 1 h.
Blots were blocked in TBS solution containing 0.1% Tween 20%
and 5% non-fat dry milk overnight at 4 �C and immune detection
of specific proteins was carried out with primary antibodies using
an ECL system.
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