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Abstract: Phytochemical investigation of the chloroformic extract of the roots of Annona dioica (Annonaceae)
led to the first time to the isolation of acetogenins in this plant. Their structure were identified as known motrilin
(1), squamocin (2), cherimolin-1 (3), isocherimolin-1 (4), annonacin (5) and isoannonacin (6) on the basis of
spectroscopic (NMR) and spectrometric (MS) analyses. All the compounds were evaluated against human
tumor cell and human non-tumor cells. The Annonaceous acetogenins 2, 3 and 5 showed significant in vitro

cytotoxicity toward U-937 (histiocytic lymphoma).
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Introduction

Since the 1980°s Annonaceous plants have come
under intense scrutiny as potencial sources of the
potential biologically active Annonaceous acetogenins
(ACGs).! This secondary metabolites derived from the
polyketide pathway possess a strong antitumor
activity. Therefore, ACGs may be judged as promising
candidates for a future generation of drugs to fight
against the current chemotherapy-resistant tumors.2

The Annonaceous acetogenins are a large group of
natural products isolated from a few number of genus
of the Annonaceae family (Annona, Asimina,
Goniothalamus, Rollinia, Xylopia, Uvaria and more
recently from Polyalthia, Porcelia and Disepalum).?
In over 35 years, more than 500 acetogenins were
isolated from various plant parts of this family.*

Annona dioica St. Hill belongs to the family
Annonaceae and have been reported to traditional
medicinal use.> In Brazil, their fruits and leaves are
used against rheumatism and their seeds against

diarrhea. To date, the previous phytochemical
investigation of this plant has proved that it contains
compounds like flavonoids and alkaloids. These
flavonoids exhibited significant antiproliferative
action against Ehrlich carcinoma cells. %8 Focusing on
the searching for bioactive ACGs as secondary
metabolites from the Annona genus, we describes for
the first time the isolation of acetogenins from A.
dioica  strengthens chemical data and its
chemosystematic position. This paper reports six
known ACGs motrilin (1), squamocin (2), cherimolin-
1 (3), isocherimolin-1 (4), annonacin (5) and
isoannonacin (6) (Figure 1). The structures of the
known compounds were confirmed by comparison of
their spectrometry and spectroscopic data (MS, *H and
13C NMR) with literature references. In addition, these
acetogenins (1-6) were evaluated for cytotoxic
activities against human tumor cell U-937 (histiocytic
lymphoma), THP-1 (acute monocytic leukemia), NCI-
H460 (large cell lung cancer) and COLO 205
(colorectal adenocarcinoma) cell lines and human non-
tumor cells (PBMCs).
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Figure 1. Acetogenins isolated from Annona dioica roots.

Experimental

Plant material

The roots of A. dioica were collected in April 2003 at
Cerrado of Horqueta, Paraguay. A voucher specimen
(No. 8567) has been deposited in the Departamento de
Botanica of Universidad Nacional, Asuncion,
Paraguay.

Extraction and Isolation
The roots of A. dioica were powdered and macerated
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at room temperature with MeOH/H,0O (90:10 v/v). The
solvent was removed under pressure, obtaining the
crude extract (120.2 g). This extract was partitioned
between CHCI;, EtOAc and MeOH to obtain the
following extracts: CHCI; (6.02 g), EtOAc (0.82 g)
and MeOH (1.44 g). The TLC analysis indicated a high
concentration of acetogenins in the CHCI; extract.
Therefore, the CHCI; was fractionated by column
chromatography (CC) on silica gel flash. The column
was eluted with CHCl3:MeOH with increasing polarity
to give 10 fractions (1-10). Fraction 2 was purified by
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silica gel flash cC eluted with
hexane/CHCls/isopropyl alcohol (25:25:4 viviv) to
furnish 1 (30.0 mg). Separation of fraction 3 by silica
gel flash CC eluted with hexane/CHCI3s/ isopropyl
alcohol (24:20:4 v/viv), yielded subfractions 3.1-3.5.
Fraction 3.2 was subjected to silica gel flash CC eluted
with hexane/CHCls/isopropyl alcohol (20:30:4 v/viv)
to give 2 (22.1 mg). Fraction 5, after sucessive silica
gel flash CC using hexane/EtOAc/MeOH as eluent,
allowed to isolation of compounds 3 (25.4 mg) and 4
(9.0 mg). Fraction 7 was purified by silica gel flash CC
eluted with hexane/ EtOAc/MeOH (35:35:4 viv/v),
yielding subfractions 7.1-7.6. Subfraction 7.3 was
submitted to silica gel flash CC eluted with
hexane/CHCls/isopropyl alcohol (24:30:4 viviv) to
afford 6 (10.0 mg). Fraction 8 wich was purified by
silica gel flash CC eluted with hexane/CHCIls/MeOH
(32:22:4 viviv) gave compound 5 (20.5 mg).

NMR data

'H and 3C spectra were obtained on a BRUKER
model DPX-500 spectrometer operating at 300 MHz
for H and 500 MHz for *3C, in CDCls, using TMS as
internal standard.

Cell lines and Cytotoxic assays

U-937 (histiocytic lymphoma), THP-1 (acute
monocytic leukemia), NCI-H460 (large cell lung
cancer) and COLO 205 (colorectal adenocarcinoma)
cell lines were provided by the American Type Culture
Collection (ATCC). The human non-tumor cell PBMC
(peripheral blood mononuclear cells) were obtained
from health donors in Sodium Heparin glass tubes
"VacutainerTM" (Becton Dikinson) and isolated over
Ficoll-Paque™ Plus (1,08 g mL!) (2:1 —blood:ficoll),
as described by Bennett & Breit.” The cells were
cultured with DMEM/F-12 (Gibco) medium
containing 10 % fetal bovine serum (Gibco) and
gentamicin 20 pg mL' (Gibco). The culture was
maintained at 37 °C in a humidified atmosphere
containing 5% CO;. Bryefly, cells were incubated in
96-well plates (1 x 10° cells/well) containing 100 puL
of the culture medium and treated with various
concentrations of the compounds (1-6) during 48 h.

The cytotoxicity of acetogenins was analyzed by
colorimetric ~ 3-[4,5-dimethylthiazol-  2-yl-]2,5-
diphenyl tetrazolium bromide (MTT) assay, as
described previously by Mosmann.'® At time of 48 h

after addition of the compounds 1-6, 20 puL of MTT
(5mg mL*-Sigma) was added to each well and then
the plates were incubated for another 4 h at 37 °C.
After incubation for 4 h, the medium was removed,
and then the formazan was dissolved in dimethyl
sulfoxide (DMSO) (Sigma). Finally, optical density
(OD) monitored at 570 nm using a Microplate Reader
(Multiskan-EX). Cytotoxicity of each sample is
expressed as 1Cso value (the concentration that inhibits
growth in 50 %) and were determined using the
computer software GraphPad Prism 5.0. One-way
ANOVA was used for the comparison of means (p <
0.05). Each experiment was repeated three times.
Doxorubicin was used as positive control.

Results and Discussion

The fractionation of the chloroformic extract of the
roots of A. dioica collected in Paraguay leading to
isolation of six acetogenins identified by comparison
of their spectroscopic data with those reported in the
literature. These belong to three different types: (2)
adjacent bis-tetrahydrofuran (THF) acetogenins,
motrilin (1) and squamocin (2);**2 (b) nonadjacent
bis-tetrahydrofuran (THF) acetogenins, cherimolin-1
(3) and isocherimolin-1 (4);®* and (c) mono-
tetrahydrofuran (THF) acetogenins annonacin (5) and
isoannonacin (6) (Figure 1).® The structural
identification of these ACGs was based on their *H and
13C NMR spectral data, including the homonuclear 2D
H-H-COSY and heteronuclear 2D !H-13C shift-
correlated (HMQC and HMBC). Compounds 1-6 are
the first acetogenins isolated in this specie.

The cytotoxicities of six ACGs and standard control
doxorrubicin against the growth of four human tumor
cells (U-937, THP-1, NCI-H460 and COLO 205) and
a human non-tumor cells (PBMC) were assayed using
MTT method.!° The ICs values are shown in Table 1.

Archievements in the studies of ACGs are noted by
their significant cytotoxicity. In several papers, the
ACGs consistently showed selective cytotoxicities as
ICso values ranging from 107 to 10*2 ug mL™ in the
larger panel of human tumor cell lines.3"1° So, in the
present study, we hope to be able to have structure-
activity relationships (SARs) data of six diverse ACGs
and find a new selective cytotoxic agent for certain
cancer types that provide a good selective index (SI).

Table 1. Cytotoxic activity expressed by 1Cso (ug mL™?) of acetogenins against tumor human cell lines and non-tumor

human cells.
Cytotoxic activity 1Cso (ug mL™?)
Compounds
U-937 THP-1 NCI-H460 COLO 205 PBMC
1 13.1+1.1 9.4£1.0 37.3t1.2 >100 >100

3.9+1.1

52+1.1
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12.8+1.0

9.7+1.0 26.2+1.0
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3 3.8£1.1 6.4x1.1
4 7.3+1.1 5.8+1.1
5 3.5%1.1 3.7¢1.1
6 6.2+1.1 54+1.1

2.2+1.0 19+1.1

Doxorrubicin?

9.5+1.1 23.8+1.1 42511
35.8+1.1 >100 43.8+1.1
11.9+1.1 15.6%1.1 29.5+1.0
10.8+1.1 32.2+1.1 39.9+1.0
>100 >100 269+1.2

Positive control

As shown in the Table 1, all diverse ACGs exhibited
diferent potent cytotoxicity against the growth of
diferent human tumor cell lines. Activity seen at a
concentration less than 4-5 pg mL™ has been chosen
for designating a substance as ‘‘cytotoxic”.?® The
cytotoxic effects of adjacent bis-THF actogenins 1 and
2, revelead that 2 was more cytotoxic against U-937,
THP-1, NCI-H460 and COLO 205, compared with 1.
The only difference between 1 and 2 concerns the
hydroxyl group position, 1 with a hydroxyl group at C-
29 while 2 with a hydroxyl group at C-28. It was noted
that the position of hydroxyl group failed to
significantly affect the activities. Comparing the
activity of nonadjacent bis-THF acetogenins 3 and its
iso-type 4, compound 3 showed more selective against
U-937, NCI-H460 and COLO 205. The regularity
could be further supported by comparing the activity
of mono-THF acetogenins 5 and its iso-type 6.
Compound 5 showed more selective against U-937,
THP-1 and COLO 205. This study showed that the
isoacetogenins 4 and 6, derived from the
corresponding 4-hydroxyacetogenins by
translactonization, showed a less inhibitory potency
comparing the activity of a non-isoacetogenin
corresponding 3 and 5, respectively, for the U-937,
THP-1, NCI-H460 and COLO 205 cells. The only
exception is 6 for the NCI-H460 and 4 for the THP-1.

In fact, the data show the extremely cytotoxicity of
adjacent bis-THF 2 (ICso= 3.9 + 1.1 ug mL™), non-
adjacent bis-THF 3 (ICso= 3.8 = 1.1 ug mL™?), and
mono-THF 5 (ICsp= 3.5 + 1.1 ug mL™?) against U-937
cells, and 5 (ICso= 3.7 + 1.1 pg mL™?) against THP-1
cells, with 1Csp < 4 pug mLL. In constrast, these
compounds and 1, 4, and 6 are not effective agents in
NCI-H460 and COLO 205 cells, with 1Cso values
ranging from 9 to > 100 pg mL™. So, regarding the
NCI-H460 and COLO 205 cells lines, the 1-6 ACGs
did not exhibit selective cytotoxicity.

Generally, the SARs studies showed the most potent
groups of Annonaceous acetogenins are adjacent bis-
THF acetogenins, followed by the non-adjacent bis-
THF acetogenins. Mono-THF acetogenins show an
intermediate potency. However, some reviews of
these data reveals different general tendencies for each
tumor cell line.23° Interestingly, against U-937 cells
the three types of structures across the THF ring offer
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a convenient activity, but against THP-1 cells only
mono-THF ACG 5 was considered as highly
cytotoxic. Thus, in general our results shown that
mono-THF acetogenin 5 was the most potent
compound.

Therefore, data from these assays are often puzzling
because the analysis of these results does not clarify a
comum SARs of the Annonaceous acetogenins.
Altered biological transport or slight variations in
receptor geometry in the membranes of such cell lines
might explain these selectivities. This observation
serves to demonstrate the necessity and merit of a
search for new structural themes.3*°

More research should be carried out, especially the use
of normal cell lines to clarify the selectivity of the
cytotoxic effect against cancer cell lines to prove that
the compounds can be used safely.?* Furthermore, in
assessing the anticancer potential of a pure compound,
the SI (SI = ICso non-tumor cells/ICso tumor cells) is
essential.?? Unfortunately, a significant number of
authors do not take that into consideration. Thus, it is
very hard to draw any conclusions on the future
potencial of these compounds as anticancer drugs
because no data on their selectivity are provided.? So,
from the point of view of the biological activity of
ACGs we estimate the potential of this compounds
determining the cytotoxicity against non-tumor human
cells (PBMC) and the SI, describing for the first time
the ratio of 1Csp human non-tumor cells to the cancer
cells (SI) for 1-6 ACGs (Tab. 2).

As the SI demonstrates the differential activity of a
pure compound, when the Sl value is greater, it is more
selective. An Sl value less than 2 indicates general
toxicity of the pure compound.?* Based on this, the Sl
data showed in Table 2 indicate that the potent
compounds squamocin (2), cherimolin-1 (3) and
annonacin (5) against U-937 cells and the compound 5
against THP-1 cells with ICso < 4 pug mL™, exhibit a
high degree of cytotoxic selectivity, with SI values >
2, an exceptional high selectivity in terms of
acetogenins activity. Compound 3 for U-937 cells
shows SI = 11.74. This activity is not so different than
that of the reference drug, doxorrubicin (SI = 11.96,
U-937). This suggests that the compounds 2, 3 and 5
are the most promising.
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Table 2. Selective index.

Selective index (SI)

Compounds
U-937 THP-1 NCI-H460 COLO 205
1 >7.0 >7.0 >2.0 -
2 6.60 5 2.04 2.69
3 11.74 6.62 4.48 1.78
4 5.97 7.55 1.22 <1.0
5 8.26 7.97 2.46 1.89
6 6.37 7.31 3.68 1.23
Doxorrubicin? 11.96 13.73 <1.0 <1.0
apositive control
Conclusions Brazil, 1994.

In conclusion, the chemical investigation of the roots
of A. dioica resulted for the first time in the isolation
of acetogenins. All the six acetogenins was evaluated
against human tumor cells lines and human non-tumor
cell and our results suggests the compounds
squamocin (2), cherimolin-1 (3) and annonacin (5) are
the most promising, being high specific agents against
U-937 cells.

Supplementary Information
Supplementary data are available free of charge
at http://jbcs.sbq.org.br.
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Figure S1. *H NMR spectrum (300 MHz, CDClI3) of compound 1.

7819-motriDC-A- carbolp e HSOQC.2.Mig; P
BBOF carbono 2 & Sog a 3
I I I e

Lo JL. A !

T T T T T
170 160 150 140 130 120 110 100 70 60 50 40 30 20 10 0

50 BO
f1 (ppm)

Figure S2. 3C NMR spectrum (500 MHz, CDCl3) of compound 1.
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Figure S3. *H NMR spectrum (300 MHz, CDCl3) of compound 2.
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Figure S12. DEPT-135 spectrum (500 MHz, CDClIs) of compound 6.
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