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SUMMARY. Anthraquinones-rich extracts of Heterophyllaea pustulata Hook f. (Rubiaceae) exhibited in vit-
ro antiviral activity against Herpes Simplex Virus Type I, from which several anthraquinones (AQs) were
isolated and identified. The Maximum Non-Cytotoxic Concentration (MNCC), the subtoxic concentration
(SubTC), and the CC50 of each AQ were determined on a mammalian eukaryotic cell line (Vero cells) by
means of Neutral Red uptake assay; the cytopathic effect was simultaneously evaluated by optical mi-
croscopy. The range of concentrations where each AQ did not exhibit cytotoxicity was established, which
is limited by the MNCC: rubiadin 1-methyl ether, damnacanthol and pustuline were found to be markedly
less cytotoxic. To the remaining AQs, we could estimate a SubTC (about 10 zg/mL) that assures 80 % cel-
lular viability. Therefore, we determined a concentration range which could be used to evaluate the antivi-
ral effect of each AQ since it ensures the viability of the host cell.

INTRODUCTION

In search of new structures with potential bi-
ological activity, it is essential to evaluate by
means of toxicity tests the security in its use.
Among the wide variety of bioassays currently
available for this purpose, the in vitro tests with
cellular cultures (cytotoxicity assays) are largely
employed 1. They allow a rapid assessment of a
high number of/compounds by using small
amounts of substance; they are also inexpensive
and raise no ethical objections 2.

Cytotoxicity studies are particularly useful for
monitoring changes at cellular structure and/or
metabolic functions that could be altered by a
compound. The damages produced can be de-
tected early as morphologic changes in cells
(cytopathic effects) by optical microscopy, and
measured as a decrease in the cellular prolifera-
tion and/or survival by means of colorimetric
assays such the Neutral Red uptake test (NR) 24,
widely used to evaluate the cytotoxicity of mi-
crobial toxins, food additives and pharmaceuti-

cals 56, A mammalian eukaryotic cell line such
as Vero cell constitutes a good option for these
kinds of assays, since the combination of NR
and visual morphologic tests and this cellular
line allows determining the non-cytotoxic
and/or subtoxic concentration range 7, which
can be used to evaluate the in vitro antiviral ef-
fect of a compound 8.

Previously, we demonstrated that the extracts
obtained from aerial parts of Heterophyllaea
pustulata Hook f. (Rubiaceae) enriched in AQs
exhibit in vitro antiviral activity against HSV-I 9.
The chemical investigation of these bioactive
extracts showed that they contain 9,10-an-
thraquinone aglycones (AQs): soranjidiol (1),
soranjidiol 1-methyl ether (2), rubiadin (3), ru-
biadin 1-methyl ether (4), damnacanthal (5),
damnacanthol (6), 2-hydroxy-3-methyl an-
thraquinone (7), heterophylline (8), pustuline
(9) and 5,5’-bisoranjidiol (10) (Fig. 1) 910, These
preliminary results have encouraged us to assess
the potential biological effects of each AQ iso-
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lated from this plant. Nevertheless, prior to the
antiviral tests, it is necessary to evaluate the cy-
totoxicity of these compounds on host cells.
Therefore, in this work the in vitro non-cytotox-
ic and subtoxic concentrations of each AQ were
determined, as a necessary step prior to study-
ing their antiviral effects in a concentrations
range with a safety margin. In addition, bearing
in mind that some AQs isolated from H. pustu-
lata increased the superoxide anion production
in human leukocytes 11, the influence of this fac-
tor on the viability of Vero cells was analyzed.

MATERIALS AND METHODS
Samples

Only nine of the ten AQs isolated and puri-
fied from aerial parts of H. pustulata were as-
sayed (Fig. 1) because 2-hydroxy-3-methyl an-
thraquinone (7) was obtained in trace amounts.
Each AQ was identified by comparing their
spectral data (UV-Vis, MS and RMN) with those
reported 910, The vegetal material used to obtain
the AQs analyzed was collected in La Almona
(Jujuy province, Argentina), and a voucher spec-
imen was deposited at Museo Botanico de Cor-
doba (U.N.C.) as M.E. Lazzaro s/n, CORD 305.

Reagents

The following reagents were used: Eagle’s
minimum essential medium (EMEM) (Gibco),
Fetal calf serum (FCS) (Natocor), L-glutamine
(Calbiochem), gentamicine (Klonal), dimethyl

Anthraguinone nucleus

AQs Ry
1 soranjidiol OH
2 soranjidiol 1-methyl ether OCHj3
3 rubiadin OH
4 rubiadin 1-methyl ether OCH3;
5 damnacanthal OCH;
6 damnacanthol OCH;
7 2-hydroxy-3-methyl anthraquinone
8 heterophylline OH
9 pustuline H

sufoxide (DMSO) (Tetrahedron), Neutral Red
(NR) (Gibco), Phosphate buffer saline (PBS), Ni-
troblue Tetrazolium (NBT, Sigma), sodium do-
decyl sulfate (Sigma). Chloroform (CHCly) was
distilled before use.

Cells

African green monkey kidney cells (Cercop-
ithecus aethiops, Vero 76 ATCC CRL-587) were
used. They were grown and kept alive under
humid atmosphere with 5 % CO, at 37 °C.
EMEM supplemented with 10 % FCS, 1 % L-glu-
tamine and gentamicin (50 pg/mL) was used as
growth medium, whereas EMEM plus 2 % FCS
containing the same formulation as described
above and 1 % DMSO was used as maintenance
medium (MM).

In Vitro Toxicity Test

The cytopathic effect produced by each AQ
on the morphology of Vero cells was observed
by optical microscopy !2. From a stock solution
of each AQ (1 mg/mL in PBS with 1 % DMSO as
co-solvent), 15 consecutive dilutions were pre-
pared, within a range of 1 to 30-50 pg/mL ac-
cording to AQ solubility. Each dilution was in-
oculated in duplicate on a confluent cell mono-
layer (2.5 + 0.6 x 105 cells/mL, 48 h incubation),
including cell controls (CC) that contain only
MM. The cells were incubated at 37 °C during
72 h, and the development of cellular alterations
such as rounding, membrane retraction, cell de-
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Figure 1. Natural anthraquinones obtained from Heterophyllaea pustulata.



tachment and the presence of granules in the
cytoplasm was daily observed 13.

The cellular viability depending on the con-
centration of each AQ was measured by means
of the uptake NR assay. Each dilution was inoc-
ulated in triplicate on a confluent monolayer of
cells (2.5 = 0.6 x 105 cells/mL), according to the
methodology described by Borenfreund &
Puerner 2. The absorbance of the NR extracted
after 48 h of incubation at 37 °C was measured
at 540 nm on a microplate reader (BioTek
ELx800). The percentage of cellular viability was
calculated by comparison with CC (100 % viabil-
ity). The concentration of the compound that re-
duces the viable cells to 50 % (CCsy) was deter-
mined by regression (Rz> 0.9) from the plot of
cellular viability percentage vs. AQ concentra-
tion. Maximum Non-Cytotoxic Concentration
(MNCC) was defined as the maximal sample
concentration showing more than 90 % viable
cells and exerting no cytotoxic effect as detected
by microscopic monitoring 4.

Determination of O, ~ production

To evaluate the intracellular generation of
O,7, the NBT bioassay adapted to a confluent
monolayer of cells attached to a multiwell plate
was used 15. In this test, the yellow-colored NBT
is absorbed by cells and reduced to water-insol-
uble Blue Formazan by the action of O, intra-
cellular, in the presence and absence (basal situ-
ation) of each AQ as a trigger of the oxidative
burst. The NBT was dissolved in PBS (0.1 %
DMSO) at a concentration of 1 mg/mL; Vero
cells grown in 24-well plate for 48 h were used
(2.5 £ 0.6 x 105 cells/mL). Each AQ was tested
in duplicate at two_concentrations: 10 pg/mL
and CCs, following the methodology described
by Choi et al. 16. The absorbance of intracellular
Blue Formazan was measured on a microplate
reader (BioTek ELx800) at 570 nm. The O,
production in the presence of oxidant (AQ) was
expressed as an increase in absorbance com-
pared to the basal situation.

AQ incorporation assay in Vero cells

This assay constitutes a spectrophotometric
determination of intracellular content of AQs
needed to stimulate O,~ production 1! and oth-
er biologic effects. Compound 1 was chosen to
study the incorporation of AQs in Vero cells for
two reasons: this AQ is the predominant com-
pound in the aerial parts of H. pustulata and
significant differences are not expected in the
accumulating capacity of each AQ, since AQs
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tested have similar partition coefficients 7. Thus,
1 mL of 1 in MM (2.46 x 10~ M) was incubated
in duplicate with 1 mL of suspended Vero cells
(107 cells/mL) in MM at 37 °C during 30 min.
Control samples (in duplicate) were processed
without AQ and under the same working condi-
tions. After incubation, samples were cen-
trifuged at 1500g for 25 min. The supernatant
(S1) was discarded. The pellet was washed
twice with MM. After that, 2 mL of 2 % sodium
dodecyl sulfate was added with the aim of dis-
rupting the membranes and liberating the intra-
cellular AQ. After centrifugation, the supernatant
(82) was partitioned with CHCl; and the ab-
sorbance of the organic phase (S3) was mea-
sured at 268 nm. The concentration of 1 in S3
was obtained from a calibration curve (CHCly),
previously performed by using a concentration
range of 7.5 x 10-5 — 2.9 x 107 M, thus obtaining
an €68 nmy = 34789.8. A Hewlett—Packard 84524,
diode array spectrophotometer was used.

Data analysis

MNCC, SubTC and CCs, values were graphi-
cally. obtained from the dose-response curves,
which have a non-lineal regression analysis (Sig-
moidal Origin, R2 > 0.9). The values were ex-
pressed as (mean + standard error) from three
independent experiments. Thus, for each con-
centration, 6 replicates were carried out to de-
termine cytopathic effect, 9 replicates to quanti-
fy cell viability, 6 replicates to evaluate the intra-
cellular O,~ production and 6 replicates to es-
tablish of intracellular content of AQs. The #test
(Origin) was used to assess the degree of statis-
tical difference of MNCC, CCs, and the SubTC
values; differences between means were consid-
ered significant at p < 0.05.

RESULTS AND DISCUSSION

By analyzing the plots of cellular viability
percentage (% CV) wvs. AQ concentration (Figs.
2-4), we determined the concentration range
where cellular viability was equal to or higher
than 90 %. Whereas 4, 6 and 9 were notable
(Fig. 2) for showing MNCC (90 % CV) values
within 16 and 22 pg/mL range (Table 1), this
concentration was not higher than 10 pg/mL for
the other AQs (Figs. 3 and 4). Thus, the MNCC
for 2, 8 and 10 (Fig. 3) was near 10 pg/mL, and
approximately 6 pg/mL for 1, 3 and 5 (Fig. 4).

Similar results were obtained by analyzing
the CCs, of each AQ (Table 1), which estab-
lished that 4 and 6 were less cytotoxic, fol-
lowed, in increasing order of cytotoxicity, by 9,
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Figure 2. Cytotoxicity of rubiadin 1-methyl ether (4),

damnacanthol (6) and pustuline (9) on Vero cells
(cellular viability percentages vs. concentrations).

B soranjidiol 1-methyl ether (2)
A Jeterophylline (8)
v (5)-5.5"-bisoranidiol (10)

90
80
70
60
50
404

30 v

Cellular Viability %o

Figure 3. Cytotoxicity of soranjidiol l-methyl ether
(2), heterophylline (8) and (S)-5,5-bisoranjidiol (10)
Vero cells (cellular viability percentages vs. concen-
trations).

& soranjidiol (1)
A rubiadin (3)
damnacanthal (5)

Cellular Viability %o

0 5 10 15 20 25 30

Concentration (pig/ml)

Figure 4. Cytotoxicity of soranjidiol (1), rubiadin (3)
and damnacanthal (5) on Vero cells (cellular viability
percentages vs. concentrations).

2, 8,10, 5, 1, 3. The CCsy of 9 was not estimat-
ed because concentrations higher than 30
pg/mL could not be tested due to solubility
problems; however, its MNCC was determined.
In addition; a subtoxic concentration (SubTC)
was estimated for all AQs tested, defined as the
concentration_that causes 10-20 % cellular death
18and produces slight morphologic changes ob-
served by microscopy (less than 20 % of
swollen and rounded cells, with cytoplasmic in-
clusions, slight vacuolization, and the nuclear
membrane remaining intact). The statistical
treatment of MNCC, CCs, and SubTC is shown
in Table 1.

Comparing the cytotoxic activity of com-
pounds that differ in the substituent at position-
1 of AQ nucleus: soranjidiol (1) with soranjidiol
1-methyl ether (2) (Fig. 5) and rubiadin (3) with
rubiadin 1-methyl ether (4) (Fig. 6), we can ob-

AQs MNCC 2 (pg/mL) CCs, P (ng/mL) SubTC ¢ (pg/mL)
rubiadin 1-methyl ether (4) 222+04 34.4 £ 0.2 26.8+0.1
damnacanthol (6) 19.6 £ 0.2 33.7£0.2 239+ 0.1
pustuline (9) 16.1 £ 0.3 nc 223+ 0.1
soranjidiol 1-methyl ether (2) 105+ 0.3 27.1+£0.2 18.4 + 0.1
heterophylline (8) 9.7+0.2 23.69 + 0.04 15.64 + 0.04
(8)- 5,5"-bisoranjidiol (10) 9.5+0.2 227 +0.1 139 +£0.2
damnacanthal (5) 6.7 £0.2 20.1 £ 0.1 11.2 £ 0.1
soranjidiol (1) 6.3 +£0.2 175+ 0.2 9.9 £ 0.1
rubiadin (3) 53+0.3 149 £ 0.2 82+0.1

Table 1. Cytotoxic Concentration to 50 % (CCsg), Maximum Non-Cytotoxic Concentration (MNCC) and Subtoxic
Concentration (SubTC) for each AQ tested on Vero cells. nc: not calculated. Results given as mean + SD, n=3.
Differences between means were considered significant at p < 0.05. 2 The values are significantly different (p <
0.05), except 8 respect to 10. P The values are significantly different (p < 0.05), except 4 respect to 6. ¢ The val-

ues are significantly different (p < 0.05).
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serve that the presence of a methoxyl group
(-OCH3) instead of a hydroxyl group (-OH) in
position-1 confers a low cytotoxicity to the AQ,
reflected in an increase in the values of CCsq
and MNCC for the methoxylated derivatives
(Table D).

In previous studies we demonstrated that
some of the AQs tested had the ability to in-
crease the O, -~ production in human leukocytes
11, Considering that this effect could generate
cytotoxic activity of AQs on Vero cells, the abili-
ty of each AQ to produce this reactive species
of oxygen (ROS) and its relation to the cytotoxic
effect were evaluated. To this aim, the NBT re-
duction bioassay was carried out under aerobic
conditions and each AQ was assessed at 10
pg/mL, representing a non-cytotoxic or subtoxic
concentration dependent on the compound. We
observed that 4, 6 and 9 did not increase the
production of O, ™ at 10 pg/mL (Fig. 7), which
is a non-cytotoxic concentration for these AQs
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Figure 6. Cytotoxicity of rubiadin (3) and rubiadin 1-
methyl ether (4) (cellular viability percentages uvs.
concentrations).
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since it assures approximately 95 % CV (Fig. 2)
without evidencing any cytopathic effect. For
the other AQs, this amount corresponds to a
subtoxic value, which increased the generation
of Oy~ (Fig. 7). It was noted that those com-
pounds that produced a large increase in the
O,~ generation at 10 pg/mL (1 and 5, Fig. 7)
exhibited a low CV % (about 80 %, Fig. 4) with
increased cell damage. However, those AQs that
at same concentration showed a low increase in
the O, ~ production (2, 8, 10 and 3), revealed a
high CV % (between 86 and 90 %, Figures 2 and
3), except for 3. In general, we might conclude
that an increased production of O, causes a
great cytopathic effect as observed by mi-
croscopy, with a concomitant decrease in cellu-
lar viability. Compound 3 is excepted from this
behavior, producing a significant cytopathic ef-
fect at 10 pg/mL, which results in a significant
decrease in CV (30 %, Fig. 4), despite having a
low production of O,~ (Fig. 7). We may there-
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fore assume the presence of another mechanism
in the cytotoxicity of this compound. In addi-
tion, when each AQ was tested at their CCs, the
increase in O, ~ production was not the same in
all AQs. Therefore, the intracellular increase of
this ROS would not be the sole responsible for
the loss of cellular viability at CCsy.

Since we are measuring the intracellular pro-
duction of O,~, we have established that 1 en-
ters Vero cells, 29 + 3 % with respect to the ini-
tial concentration after 30 min incubation. Al-
though only a single AQ was tested, no signifi-
cant differences are expected in the rate of in-
corporation for the other AQs since they all
have similar partition coefficients 19.

CONCLUSIONS

This work allowed us to establish the con-
centration range where each AQ exhibits low or
no cytotoxic effect. These concentrations were
therefore used in another study for testing in
vitro antibacterial properties 9. In addition,
many of the AQs assayed in this work, especial-
ly damnacanthal, and rubiadin 1-methyl ether,
have shown to exhibit iz vitro antimicrobial ef-
fects 20-21 without evaluating the potential cyto-
toxicity on a mammalian eukaryotic cell line at
the concentrations tested. Therefore, the results
obtained in this study can be used as a parame-
ter to compare cytotoxicity in relation to the an-
timicrobial effects reported in the literature.

From the nine AQs tested, we identified
three derivatives: 4, 6 and 9, with low or no cy-
totoxicity (95 + 5 % VC) in a concentration
range limited by the MNCC (Table 1). The esti-
mation of the subtoxic concentrations for the
other AQs (1, 2, 3, 5, 8 and 10) allowed us to
consider that a concentration of about 10 pg/mL
could be used to test other biological activities,
since this concentration ensured in our experi-
ments more than 80 % CV (Table D).
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