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Chemical Composition of Essential Oils from Thymus vulgaris,
Cymbopogon citratus, and Rosmarinus officinalis, and Their Effects on

the HIV-1 Tat Protein Function
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New drugs would be beneficial to fight resistant HIV strains, in particular those capable of interfering with
essential viral functions other than those targeted by highly active antiretroviral therapy drugs. Despite the central
role played by Tat protein in HIV transcription, a search for vegetable extracts able to hamper this important viral
function was never carried out. In this work, we evaluated the chemical composition and possible interference of
essential oil from Thymus vulgaris, Cananga odorata, Cymbopogon citratus, and Rosmarinus officinalis with the Tat/TAR-
RNA interaction and with Tat-induced HIV-1 LTR transcription. GC/MS Analysis demonstrated the biodiversity of
herbal species translated into essential oils composed of different blends of terpenes. In all of them, 4 – 6
constituents represent from 81.63% to 95.19% of the total terpenes. Essential oils of Thymus vulgaris, Cymbopogon
citratus, and Rosmarinus officinalis were active in interfering with Tat functions, encouraging further studies to identify
single terpenes responsible for the antiviral activity. In view of the quite different composition of these essential oils,
we concluded that their interference on Tat function depends on specific terpene or a characteristic blend.

Keywords: antiviral activity, essential oils, trans-activating region-RNA, transcription4 .

Introduction

The appearance of HIV strains resistant to different
antiviral drugs increased between 2004 and 2010, as
reported by the World Health Organization. High
levels were observed in several countries, including
Angola (16%), Argentina (10%), Botswana (10%), Cuba
(22%), Mexico (9%), Papua New Guinea (16%), and
South Africa (14%).[1] In light of this recrudescence,
the identification of new drugs, active on HIV replica-
tion, returns to be a primary objective in the fight
against acquired immune deficiency syndrome (AIDS).

Several vegetable extracts have inherent anti-HIV
potential and represent a natural reservoir for future
antiviral drugs. Many of them inhibit HIV-1 replication
by not yet described mechanisms. For instance, Litsea
species extracts affect viral replication at a concentra-
tion of 20 lg/mL without clearly visible cytotoxicity in
a panel of human cell lines, and eight prototypic
sesquiterpenes and litseaverticillols active against HIV
were identified in Litsea verticillata extracts.[2] A gen-
eral inhibitory effect on HIV replication was described

in extracts prepared from Cassine transvaalensis,[3] Avi-
cennia marina,[4] Erythrina abyssinica,[5] Prunella vul-
garis,[6] Cassia sieberiana and Cassia abbreviata,[7] and
Rosmarinus officinalis.[8] The methanol extracts of root,
shoot, leaf and seed of Thymus species inhibited HIV
replication at concentrations between 200 and
500 lg/mL[9] and an ethanol extract of Rosa canina
(fruit), Urtica Dioica and Tanacetum Vulgare (leaf and
stem) provoked a significant rise in CD4 count in HIV
patients.[10] Moreover, other vegetable extracts exhib-
ited specific activities on HIV viral proteins or func-
tions, i.e. inhibiting the reverse transcriptase, protease
or integrase activities or interfering with virus entries
into cells. In this regard, Sanguisorba officinalis[11] and
Pelargonium sidoides[12] extracts inhibited the entry of
the virus into the cells. Pometia pinnata[13] and Mimu-
sops elengi[14] leaf extracts can modulate the activity
of HIV integrase and numerous vegetable extracts
showed inhibitory potential on reverse transcrip-
tase.[15][16]

In addition to crude extracts, essential oil (EO) iso-
lated from aromatic plants by steam or hydro-
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distillation showed specific antiviral activity.[17]

Although EOs are complex natural mixtures of about
20 – 60 different components, a few major low
molecular weight terpenes and terpenoids present at
high concentrations determine the biological activ-
ity.[18]

New molecules, capable of interfering with essen-
tial viral functions different from those targeted by
actual antiviral drugs, would be beneficial to fight
resistant HIV strains. In this respect, the central role
played by Tat (Trans-activator of transcription) protein
in HIV transcription is considered an attractive target
for antiviral drug development.[19] The Tat protein of
HIV recruits the kinase activity of the P-TEFb complex
to the short viral TAR (Trans-Activating Region) RNA,
with a consequent strong increase of elongated viral
transcripts and reappearance of HIV from the latent
stage.[20] Therefore, compounds interfering with tran-
scription could impair viral reactivation.[21] In this
respect, chemically synthesized small molecules tar-
geting the Tat/TAR-RNA complex were able to modu-
late HIV replication and Tat-dependent HIV promoter
transcription.[22][23]

In this work, we analyzed the potential of EOs from
different vegetable species to interfere with Tat/TAR-
RNA interaction and Tat-induced activity of the HIV
promoter.

Results

GC/MS Analysis

A few predominant terpenes were identified by GC/
MS (Table 1). In Rosmarinus officinalis, 6 out of 21 con-
stituents detected represent about 91% of the EO
(a-pinene 10.11%, camphene 4.61%, b-pinene 7.71%,
eucalyptol 50.63%, camphor 13.27%, b-caryophillene
4.62%. In Cymbopogon citratus, 5 out of 15 con-
stituents detected represent 95.19% (b-pinene 22.47%,
linalool 2.41%, cis-verbenol 6.14%, nerol 4.98%, cis-
citral 59.19%). In Thymus vulgaris, 5 out of 34 com-
pounds identified represent 81.64% (c-terpinene
13.16%, linalool 3.31%, thymol 37.78%, isothymol
23.15%, b-caryophillene 4.24%). In Cananga odorata, 4
out of 26 constituents represent 91.64% (linalool
16.58%, a-gurjunene 7.10%, benzyl benzoate 18.71%,
benzyl salicylate 49.25%).

Influence of EOs on the HIV-1 Tat/TAR-RNA Complex

We studied the effect of different EOs on the Tat/TAR-
RNA complex by Electrophoretic Mobility Shift Assay
(EMSA). After gel electrophoresis, the Tat/TAR-RNA
complex can be easily distinguishable from the free

TAR-RNA because the former has a slower migration.
Initially, we evaluated the influence of EO presence on
complex assembly. To this aim, we performed the
assembly of Tat/TAR-RNA complex in the absence or
presence of increasing amount of EO. When the EO
concentration became effective, gel analysis showed
conversion of the Tat/TAR-RNA band into a fast
migrating band containing the free-TAR-RNA. Among
the EOs examined, only those from Thymus vulgaris,
Cymbopogon citratus, and Rosmarinus officinalis
showed a marked inhibitory effect in the range of
concentrations tested (Figure 1,a). EMSA analysis
showed a marked inhibitory potential of EOs from
Rosmarinus officinalis (from 0.25 to 0.5 lg/mL), Thymus
vulgaris (from 3 to 6 lg/mL), and Cymbopogon citratus
(from 6 to 12 lg/mL) on the binding of Tat to
TAR-RNA. Another EO was inactive, i.e. EO from
Cananga odorata, being ineffective on the Tat/TAR-
RNA interaction at equivalent doses or even at higher
than those tested above (from 7.5 to 240 lg/mL).

In addition, we examined whether the EOs could
bind directly to TAR-RNA. For this purpose, the TAR-
RNA was incubated in the absence or presence of
increasing concentrations of EO to verify whether its
gel migration could be slowed down by stable inter-
actions with EO constituents (Figure 1,b). A distamycin
derivative (compound 25)[23] and neomycin, two drugs
that are able to bind the TAR-RNA and change its gel
migration, were used as positive controls. The dis-
tamycin derivative forms covalent bonds with TAR-
RNA and traps it in the loading well, while neomycin
modifies TAR-RNA structure and only delays its migra-
tion. As reported in Figure 1,b, the presence of EO did
not affect band intensity nor did it cause a delay in
TAR-RNA migration even in the presence of high EO
concentrations (from 30 to 240 lg/mL).

Finally, we studied the effect of EOs on stability of
preformed Tat/TAR-RNA complex. To this aim, Tat pro-
tein was pre-incubated in the presence of TAR-RNA to
allow the assembly of Tat/TAR-RNA complexes and
then EO was added at incremental concentrations. As
shown in Figure 1,c, EOs from Thymus vulgaris, Cymbo-
pogon citratus and Rosmarinus officinalis compromised
the stability of the Tat/TAR-RNA complex, as clearly
visible by the appearance of free TAR-RNA band in
the concentration ranges from 6 to 12 lg/mL, from
12 to 25 lg/mL and from 1 to 2 lg/mL, respectively.
These concentrations were comparable to those
observed in the previous investigation (Figure 1,c).
Once again, the EO from Rosmarinus officinalis was the
most efficient.

Taken together, these data highlight the specific
potential of the EOs from Thymus vulgaris, Cymbopogon
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Table 1. Composition of EOs analyzed by GC/MS

Componentsa Rosmarinus officinalisb Cymbopogon citratusb Thymus vulgarisb Cananga odoratab

1 a-Pinene 10.11 0.08 1.22 0.51
2 Camphene 4.61 – 0.87 –
3 b-Pinene 7.71 22.47 0.32 0.38
4 Myrcene 0.68 – 1.46 0.04
5 b-Terpinene 0.06 – – –
6 a-Phellandrene – – 0.34 –
7 3-Carene 0.33 – 0.12 –
8 a-Terpinene – – 1.98 –
9 iso-Sylvestrene – – 0.66 0.16
10 Eucalyptol 50.63 0.47 1.71 0.11
11 trans-b-Ocimene – 0.91 0.03 –
12 cis-b-Ocimene – 0.52 0.06 –
13 Bornylene – – – 0.16
14 c-Terpinene – – 13.16 –
15 Terpinolene 0.24 – 0.33 0.10
16 Myrtenol – 0.45 – –
17 Perillene – 0.26 – –
18 Linalool 0.77 2.41 3.31 16.58
19 Myrtanal – 0.32 – –
20 iso-Camphane – – – 0.37
21 Camphor 13.27 – 1.38 –
22 Photocitral a – 0.83 – –
23 b-Terpineol – – – 0.13
24 b-Citronellal – 0.48 – –
25 Borneol – – 1.47 –
26 p-Menth-1-en-8-ol 0.55 – – –
27 cis-Verbenol – 6.14 – –
28 4-Terpineol 0.99 – 1.40 0.18
29 trans-Carveol – 0.35 – –
30 a-Terpineol 2.44 – 0.68 1.58
31 c-Terpineol – – – 0.49
32 Nerol – 4.98 0.06 0.14
33 cis-Citral – 59.19 – –
34 Bornyl acetate – – 0.31 –
35 Thymol – – 37.78 –
36 iso-Thymol – – 23.15 –
37 a-Cubebene 0.10 – – –
38 Thymol acetate – – 0.21 –
39 Copaene 0.34 – 0.07 –
40 b-Bourbonene – – 0.10 –
41 Cadinene – – – 0.19
42 a-Gurjunene – – – 7.10
43 b-Cedrene – – – 0.15
44 b-Caryophyllene 4.62 – 4.24 0.16
45 Sesquichamene – – – 1.40
46 b-Cubebene – – 0.11 –
47 Alloaromadendrene – – 0.05 1.17
48 a-Caryophyllene 0.57 – 0.21 0.05
50 c-Gurjunene – – – 0.54
51 c-Muurolene 0.27 – – 0.27
52 Cuparene – – – 0.14
53 c-Cadinene 0.24 – 0.28 –
54 d-Cadinene 0.31 – – –
55 b-Cadinene – – 0.50 –
56 Caryophyllene oxide 0.97 – 1.26 –
57 c-Eudesmol – – 0.14 –
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citratus, and Rosmarinus officinalis in preventing the for-
mation of the Tat/TAR-RNA complex and in facilitating
its disruption.

Effects of EOs on Tat-dependent HIV-1 LTR Transcription

In order to study the effects of EOs on Tat-dependent
HIV-1 long terminal repeat (LTR) transcription, we used
the HL3T1 cell line as an experimental model mimick-
ing viral latency reactivation. These cells contain an
HIV-1 LTR-CAT cassette stably integrated into their
genome that is transcribed at high level in the pres-
ence of Tat protein.

First, we determined for each EO the concentration
exerting a similar effect on the proliferation of HL3T1
cells. Cells were cultured for three days in the absence
or presence of increasing concentrations of EO and
then cell viability was evaluated by determining oxida-
tive metabolism activity by MTT assay. Cell growth in
the presence of EO was expressed as a percentage
with respect to untreated control. By expressing the
cell growth as a function of EO concentration (Fig-
ure 2,a), we interpolated the concentration at which
the EOs from Rosmarinus officinalis, Thymus vulgaris,
Cymbopogon citratus or Cananga odorata inhibited cell
growth by 50% compared to untreated control (IC50),
which was 0.18 lg/mL, 1.30 lg/mL, 0.61 lg/mL, and
0.60 lg/mL, respectively. Cisplatin was used as a posi-
tive controls for cytotoxic effect and the dose-activity
dependence was evaluated.

Subsequently, the effects of EOs on Tat-induced
HIV-1 LTR transcription activity were evaluated. In a
preliminary experiment, addition of Tat to the HL3T1
cells significantly augmented (P < 0.05) the HIV-1 LTR
transcription by 97.2 � 5.9 fold (n = 9). A distamycin
derivative (compound 25),[23] capable of inhibiting viral
transcription induced by Tat, was used as a positive
control in each experiment and inhibited the increase
of transcription in a dose-dependent manner (Figure 2,
b), with a concentration causing 50% Reduction of
Transcription (RT50) of 4.3 lM. In a following experi-
ment, the effects of different EOs on Tat-induced HIV
transcription were compared. As described above, EOs

have different cytotoxicity. To exclude the possibility
that modulation of transcription could solely be due to
their effect on cell proliferation, rather than to specific
mechanisms of inhibition of Tat/TAR-RNA interaction,
concentrations of each EO producing similar effects on
cell growth, expressed as multiples (1, 1.5, or 2 fold the
IC50) or sub-multiple (0.5 fold the IC50) of their respec-
tive IC50 concentration, were compared (Figure 2,c).
The results showed a strong inhibitory effect on viral
transcription only for EOs that interfered with the bind-
ing of Tat to TAR-RNA (Figure 1). In particular, the EO
of Rosmarinus officinalis (RT50 = 0.05 lg/mL) was the
most interesting since it reduced viral transcription to
10% when administered at 0.09 lg/mL (0.5 fold the
IC50), a concentration at which 75% of the cells were
still viable. Moreover, the EOs of Thymus vulgaris
(RT50 = 0.83 lg/mL) and Cymbopogon citratus
(RT50 = 0.54 lg/mL) showed good inhibitory potentials
on viral transcription, because they reduced viral tran-
scription to 52% and 60% when administered at
0.30 lg/mL and 0.65 lg/mL (0.5 fold the IC50), respec-
tively. Conversely, the EO from Cananga odorata (RT50
not determinable from the range of concentrations
tested) had no effect on viral transcription in the pres-
ence of Tat, even when used at highly cytotoxic con-
centrations (1 – 2 fold the IC50, 0.60 – 1.20 lg/mL). In
addition, the Selectivity Index (SI) was calculated for
each EO as the ratio of the IC50 value to the RT50 value
(SI = IC50/RT50). Excluding EO from Cananga odorata
(SI = not determinable), the others showed SI values
greater than 1, i.e. Cymbopogon citratus (SI = 1.13),
Thymus vulgaris (SI = 1.57), and Rosmarinus officinalis
(SI = 3.6). By these SI values, even if still below the
threshold value 5 – 10 considered acceptable to pro-
duce beneficial antiviral effects versus cytotoxicity in
therapy, the EOs from Cymbopogon citratus, Thymus
vulgaris, and Rosmarinus officinalis showed an effect on
viral transcription even if it was not sufficiently high to
indicate them as such in experimental antiviral ther-
apy. However, their inhibitory effect on viral transcrip-
tion and on binding of Tat to TAR-RNA reported above
(Figure 1) suggested that they are a source from which
to draw future antiviral drugs.

Table 1. (cont.)

Componentsa Rosmarinus officinalisb Cymbopogon citratusb Thymus vulgarisb Cananga odoratab

58 d-Cadinol – – 0.19 –
59 Benzyl benzoate – – – 18.71
60 Benzyl salicylate – – – 49.25

a Components were identified by comparing the MS data with the spectrum library and listed in increasing order of retention time.
b % Peak area relative to total peaks area obtained from peak report.
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Discussion

The appearance of HIV strains resistant to different
antiviral drugs has increased as reported by the World

Health Organization.[1] In light of this recrudescence,
the search for molecules capable of interfering with
essential viral functions different from those targeted
by highly active antiretroviral therapy drugs would be

Figure 1. Dose-dependent effects of EOs on the interaction of Tat with TAR-RNA studied by EMSA. a) Assembly of the Tat/TAR-RNA
complex was performed in the absence or presence of increasing amount of EO. b) Effect of EO on TAR-RNA migration. RNA binding
drugs compound 25 and neomycin were used as positive control. Asterisks indicate TAR-RNA bands with modified migration rate.
c) Tat protein was pre-incubated with incremental EO concentrations prior to addition of TAR-RNA.
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Figure 2. Effects of EOs on Tat-induced HIV-1 transcription in HL3T1 cells. a) Dose dependent effects of EOs on cell proliferation. Cis-
platin was used as positive control of cytotoxicity. b) c) Tat-activated LTR-driven chloramphenicol acetyltransferase assay. The results
were indicated as mean (n = 9) � standard deviation. b) Induction of the LTR-driven transcriptional activity obtained in the presence
of Tat compared to basal activity in its absence (fold) and dose-dependent effects of the positive control molecule compound 25 on
Tat-induced viral transcription. The transcriptional activity in the presence of compound was expressed as percent to that observed in
untreated cells. The results were indicated as mean (n = 9) � standard deviation. w/o Tat = without Tat. c) Dose-dependent effects of
EOs on Tat-induced transcription. The comparison of the inhibitory potential of each EO on viral transcription was performed using
concentrations producing similar effects on cell growth to exclude the possible contribution of cytotoxicity. 0.5 = 0.5 fold the IC50;
1 = IC50; 1.5 = 1.5 fold the IC50; 2 = 2 fold the IC50. The results were indicated as mean (n = 9) � standard deviation.
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beneficial to fight resistant HIV strains. In this respect,
the central role played by Tat protein in HIV transcrip-
tion is one of the most attractive targets for antiviral
drug development,[19] and molecules interfering with
the Tat/TAR-RNA complex could impair HIV transcrip-
tion and virus reactivation.[21] A previous work
reported in the literature described the effects of a
natural compound contained in tea leaves, i.e. tannic
acid, which modulated HIV transcription by interfering
with the binding of nuclear factors to a DNA element
of 30-bp located in the neighborhood of the NF-kB
element in the HIV promoter.[24] However, a study on
plant compounds able to inhibit viral transcription by
interfering with the interaction between Tat and TAR-
RNA, has never been performed.

In this work, we first studied the interfering poten-
tial of EOs showing different terpene compositions
(Table 1) on Tat/TAR-RNA interaction. Subsequently,
EOs were tested as inhibitors of Tat-induced transcrip-
tional activity of the HIV-1 promoter in HeLa cells. We
believe that EOs with both characteristics should have
anti-HIV potential for in vivo applications and could
be an interesting source of antiviral drugs for use in
patients who have become refractory to standard
antiretroviral therapies. Among the EOs tested, we
reported that only those of Thymus vulgaris, Cymbo-
pogon citratus, and Rosmarinus officinalis affected the
assembly of Tat/TAR-RNA complexes. It was reported
in literature that molecules of vegetable origin bind
to structured t-RNA, i.e. berberine and palmatine, per-
turbing its conformation.[25] In a similar manner, con-
stituents in the active EOs could bind TAR-RNA
inducing a change in its structure that prevents Tat
binding. However, our EMSA (Figure 1,b) performed
using a native gel indicated that EO components did
not affect the structure of TAR-RNA because, in their
presence, no additional bands with modified migra-
tion appeared beyond that of TAR-RNA. Therefore, the
interference in Tat/TAR-RNA complex formation
observed in Figure 1,a did not result by TAR-RNA
structure modifications, but rather should be due to
the direct activity of the EO constituents towards the
Tat protein. This assumption was corroborated by
data presented in Figure 1,c showing that addition of
active EOs destabilized preformed Tat/TAR-RNA com-
plexes.

EOs administration strongly reduced Tat-induced
HIV-1 LTR transcription (Figure 2,c). We found that
inhibitory effects of EOs on viral transcription directly
correlated with their efficiency in inhibiting the inter-
action of Tat with TAR-RNA, suggesting that the
antiviral effect of EOs occurred by targeting this
complex. The transcriptionally active Tat protein is a

monomer with a cysteine-rich domain, in which sev-
eral CxxC motifs form intramolecular disulfide bonds
required for transactivation activity.[26] Inasmuch as its
activity dramatically decreased by pre-incubating the
protein with strongly reducing agents,[26] likewise
specific terpenes or a blend of them present within
the active EO could reduce the cysteine disulfide
bond of Tat, thus preventing its binding to TAR-RNA.
However, not all the terpenes could be able to reduce
Tat intramolecular disulfide bonds. In fact, even if the
antioxidant activities observed in EOs of Cananga
odorata, Rosmarinus officinalis and Thymus vulgaris
were comparable,[27] their effects on Tat/TAR-RNA
interaction (Figure 1,a and 1,c) and Tat-induced tran-
scription (Figure 2,c) were sharply different, with the
EO of Cananga odorata being completely inactive with
respect to the others even when used at highly cyto-
toxic concentrations. Therefore, biodiversity in the ter-
pene composition, rather than a generic antioxidant
activity of terpenes, could influence different bioactiv-
ity of the EOs. Although SI values do not recommend
the use of EOs in experimental antiviral therapy,
mainly because of their cytotoxicity, their intrinsic
potential on Tat functions suggests that they could be
reservoirs of future antiviral drugs.

We tried to identify the putative molecules
responsible for the antiviral activity of the EOs.
Usually, a few major components of the EO are
responsible for its biophysical and biological
features.[18] GC/MS composition of the EOs of Thymus
vulgaris, Cymbopogon citratus and Rosmarinus offici-
nalis showing promising antiviral activities was com-
pared with that of the inactive EO of Cananga
odorata. The comparison did not reveal common pre-
dominant molecules (Table 1). Thus, we excluded that
antiviral effect of active EOs could be due to a single
common terpene. We believe that a blend of the
major terpenes characteristic of each EO could likely
determine their antiviral effects. However, as sug-
gested by others,[28] we cannot exclude that the syn-
ergy of all terpenes, including those present in trace
amounts, could contribute to the biological effects of
the EOs herein studied.

Conclusions

EOs interfered with Tat functions, a feature that was
never described before. The similar bioactivity associ-
ated with the sharp different chemical compositions
of EOs from Thymus vulgaris, Cymbopogon citratus,
and Rosmarinus officinalis make them a potential
natural source of future anti-HIV drugs targeting Tat
function.
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Experimental Section

Essential Oils

The EO of Cananga odorata (density = 0.964 gr/mL)
was from CTM, Verona, Italy. The EO of Cymbopogon
citratus (density = 0.876 gr/mL) was from Fundacion
Chankuap, Macas, Ecuador. The The EO of Thymus vul-
garis, thymol chemotype (density = 0.895 gr/mL), was
from Extrasynthese, Genay, France. The EO of Rosmari-
nus officinalis cineol chemotype (density = 0.932 gr/
mL) was from Vitalis Dr. Joseph S.r.l., Brunico (BZ),
Italy. The EOs were aliquoted and stored at �80 °C in
the dark in a glass vial sealed with Teflon cap until
their use.

GC/MS Analysis

The EOs were analyzed by GC/MS using an Agilent 5973
Network quadrupole mass selective detector coupled
with an Agilent GC 6850 Series II Network Trace gas chro-
matograph. A HP-5MS capillary column containing 5%-
phenyl-methylpolysiloxane (30 m 9 0.25 mm, film
thickness, 0.25 lm) was employed. GC operating condi-
tions were as follows: carrier gas, helium with a flow
rate of 2 mL/min; column temperature program was
from 45 °C to 100 °C at 1 °C/min, then from 100 °C to
250 °C at 5 °C/min; injector inlet temperature, 280 °C;
volume injected, 1 lL of the EO in dichloromethane;
split ratio, 1:40. MS operating parameters were as fol-
lows: ionization potential, 70 eV; ion source tempera-
ture, 230 °C; quadrupole temperature 150 °C, solvent
delay 4.20 min, mass range 35 – 300 m/z. The GC
retention and mass spectra of peaks obtained were
compared with those of authentic standards from NIST/
MST/EPA software database and mass spectra from the
literature.[29 – 31]

Cell Cultures

The HL3T1 cell line is a HeLa derivative containing sta-
bly integrated, silent copies of the HIV-1 LTR promoter
linked to the chloramphenicol acetyl transferase (CAT)
gene.[32] The cells produce the CAT enzyme upon
introduction of active Tat. The cells were cultured in
DMEM (Dulbecco Modified Essential Medium) with
10% FBS, 100 U/mL penicillin, and 100 lg/mL strep-
tomycin at 37 °C in 5% CO2.

Labelling of the TAR-RNA

The labelling of HIV-1 TAR-RNA was performed as
described previously.[33] Briefly, the plasmid pGA99
carrying the wild-type TAR-RNA sequence was

linearized with HindIII. Labeling was performed in
20 lL of buffered solution containing 50 mM Tris-Cl
pH 7.6, 10 mM MgCl2, 5 mM DTT, 0.1 mM spermidine,
0.1 mM EDTA pH 8, 1 lg of the linearized plasmid,
200 lM of each cold ATP, UTP, and CTP, 50 U of RNA-
guard, 10 lCi [a32P] GTP, and 20U of SP6 RNA poly-
merase. After 30-min incubation at 37 °C, the reaction
was heated at 65 °C for 5 min and the labelled TAR-
RNA was purified by phenol-extraction. Free nucleo-
tides were removed by gel filtration on Sephadex
G150 column.

EMSA

The Tat peptide used in this study (HIV-1 Tat 37 – 72,
EVA790.1) was obtained through CFAR (WHO-UNAIDS
Repository) and donated by the World Health Organi-
zation – Joint United Nations Programme on HIV/AIDS
(WHO-UNAIDS). The radiolabeled TAR-RNA was heated
at 90 °C for 2 min in a solution containing 10 mM

phosphate, 1 mM EDTA, 0.1 M NaCl at pH 7.0 and
afterwards cooled to room temperature to allow it to
assume the secondary structure. The folded TAR-RNA
was diluted and added to the binding reaction. To
test the direct interaction with TAR-RNA, a serial dilu-
tion of EO was performed in binding buffer (10 mM

phosphate buffer pH 7.2, 1 mM EDTA, 0.1 M NaCl,
1 mM MgCl2, 1 mM DTT, 170 lg/mL yeast tRNA and
10% glycerol)[34] and then TAR-RNA was added to the
reaction mix in a final volume of 10 lL, followed by
an additional 15 min incubation on ice. Neomycin
(Sigma–Aldrich, Milan, Italy) was used as a positive
control.[35] In a preliminary experiment, to determine
the optimal peptide concentration necessary to obtain
a clearly distinguishable shift of migration of the Tat/
TAR RNA complex with respect to the free TAR-RNA,
1 ng of labelled TAR-RNA was incubated with increas-
ing amounts of Tat 37 – 72 that ranged from 0 to
100 lM in binding buffer for 15 min on ice. In subse-
quent experiments, Tat was used at 0.25 lM. The inter-
ference of EOs with either assembly or disruption of
Tat/TAR-RNA complexes was studied. To study the
effect on assembly, Tat was pre-incubated for 15 min
on ice with different concentrations of EO and then
TAR-RNA was added to the reaction mix followed by
an additional 15 min incubation on ice. Alternatively,
to test the ability of EOs to disassemble preformed
Tat/TAR-RNA complex, TAR-RNA was pre-incubated
with Tat for 15 min on ice and then different concen-
trations of EO were added for an additional 15 min
incubation on ice. Samples were fractionated by elec-
trophoresis through native 12% polyacrylamide gel in
1 9 TBE (90 mM TRIS/borate and 2 mM EDTA at pH
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7.7) and the gel was dried under vacuum at 80 °C
before autoradiographic procedure (Biomax, Kodak).

Cell Growth Assay

The effects of EOs on cell proliferation were tested on
HL3T1 cells by the CellTiter 96 Cytotoxicity Assay kit
(Promega Italia, Milan, Italy), following the indicated
instructions. Cisplatin (Sigma–Aldrich, Milan, Italy) was
used as positive control for cytotoxicity. Briefly, 100 lL
of cells diluted in DMEM plus 10% FBS (Sigma–Aldrich,
Milan, Italy) at a density of 13,000 cells/mL were
seeded in each well of a 96-well plate and then
grown for 72 h in the presence or absence of increas-
ing amounts of EOs or cisplatin. After the addition of
25 lL of staining solution, the cells were incubated
for 2 h at 37 °C whereupon 100 lL lysis solution were
added and the plate was incubated over-night at
37 °C to homogenate the color. Color quantification
was performed at 550 nm (OD550) and 620 nm
(OD620). The sample values were compared with con-
trol values obtained in the absence of EO and
expressed as percent of control. Percentages were
graphed as a function of cisplatin or EO concentra-
tions. The concentration required for 50% inhibition of
the cellular proliferation, half maximal inhibitory con-
centration (IC50), was calculated. Dose-response equa-
tions were built in to GraphPad-Prism software version
6.01 and analysed by nonlinear regression to obtain
the IC50 values.

Cell Transfections and CAT Assay

HL3T1 cells were diluted in DMEM plus 10% FBS and
seeded in a 24-well plate at 20,000 – 28,000 ■cells?■/
cm25 . After 2 h, necessary to allow complete cell adhe-
sion to well bottom, the medium was replaced and the
cells were incubated for 24 h in the presence of EO at
different concentrations multiples or submultiple of the
IC50. EOs were diluted in DMEM plus 10% FBS. In our
experimental setting, distamycin derivative (compound
25)[23] was used as a positive control of interference for
Tat function. Then, after a wash with PBS, 0.5 mL fresh
DMEM was added to the cells. The HIV-1 Tat (0.5 lg in
50 lL Opti-MEM) (Invitrogen, Life Technologies, Milan,
Italy) was mixed with Lipofectamine 2000 (2 lL in
50 lL Opti-MEM) (Invitrogen, Life Technologies, Milan,
Italy) and the Tat/liposome complexes obtained 5 min
after were directly added into cell culture medium. Two
hour later, FBS was added and cells were cultured for
72 h. Afterwards, the collected cells were frozen and
thawed to obtain cytoplasmic extracts and subse-
quently assayed for CAT activity.

Statistical Analysis

The results were expressed as arithmetic mean � stan-
dard deviation. All the experiments were performed
three times in triplicate (n = 9). Statistical calculations
were performed using a one-way ANOVA and the dif-
ferences among groups were examined using the Stu-
dent’s t-test. P value <0.05 was considered significant.
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(As above)

(As above)

(As above)

(As above)

(As above)

linking characters

through character    or

where required

between characters or

words affected

through character    or

where required

or

indicated in the margin

Delete

Substitute character or

substitute part of one or

more word(s)
Change to italics

Change to capitals

Change to small capitals

Change to bold type

Change to bold italic

Change to lower case

Change italic to upright type

Change bold to non-bold type

Insert ‘superior’ character

Insert ‘inferior’ character

Insert full stop

Insert comma

Insert single quotation marks

Insert double quotation marks

Insert hyphen

Start new paragraph

No new paragraph

Transpose

Close up

Insert or substitute space

between characters or words

Reduce space between
characters or words

Insert in text the matter

Textual mark Marginal mark

Please use the proof correction marks shown below for all alterations and corrections. If you  

in dark ink and are made well within the page margins.

wish to return your proof by fax you should ensure that all amendments are written clearly
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