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ABSTRACT

Among the different tests or chemical reactions that explain the possible inhibition mechanisms of Plasmodium
falciparum growth, we have chosen the Ferriprotoporphyrin biocrystallization inhibition test (FBIT) to evaluate the
pharmacological properties of 65 plants from the Bolivian flora. A bioguided phytochemical separation of
Brachyotum microdon, one of the most active plant, was sought using the FBIT test. The isolated active compounds
belong to two types of metabolites the fatty alcohols and the triterpenes. Among the triterpenes, we have B-sitosterol
(1), oleanolic acid (2), ursolic acid (3) and corosolic acid (4) as sources of the activity on FBIT.

*Corresponding author: caleros@acelerate.com

INTRODUCTION

Malaria is one of the most troublesome tropical diseases that kills more people than any other communicable disease
except tuberculosis and AIDS. In 2009, 225 million malaria cases have been reported and nearly one million deaths.
[1]. The remerging of this widespread parasitic disease in arecas where it was previously under control or eradicated
and the appearance of drug-resistant malaria parasites have aroused in the search for new leads for antimalarial drugs
[2, 3, 4, 5]. The latest developments of molecular biology in the parasite [6, 7, 8] have provided new biological drug
targets and modes of action [5, 9, 10]. Malaria parasites digest hemoglobin during their intra erythrocytic life cycle
to obtain the required amino acids [11]. The by-product of this digestion is the release of the toxic hemin
(ferriprotoporphyrin IX), which is detoxified by the parasite via formation of an insoluble crystal (hemozoin) [12,
13]. There are indications that this malarial crystal is identical to synthetic P-hematin [14, 15]. In the
Ferriprotoporphyrin Biocristallization Inhibition Test (FBIT), the aim is to reproduce in vitro the biocrystallization
reaction and to test the ability of synthetic drugs [16, 17] or natural extracts [18, 19, 20] to inhibit this detoxification
pathway.

Biological chemodiversity continues to play an important role in the search for leads for antimalarial drugs since the
majority of the existing antimalarial chemotherapeutic agents are based on natural products. Active compounds,
with a variety of structures, have been isolated from plants, bacteria, fungi, marine and fresh water organisms [21,
22,23, 24].

Bolivia, located at the center of South America, has different ecosystems each of them with a specific climate,
altitude and soil. One of these ecosystems is the Zongo Valley, which is a high, moist, tropical location in the south
west of the department of La Paz — Bolivia [25, 26]. The valley presents around 109 families and 518 species [27].
We assayed part of this biodiversity using the FBIT and the active species were submitted to the Plasmodium
falciparum test.
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EXPERIMENTAL

2.1. General

Optical rotations were measured in a Perkin- Elmer 241 digital polarimeter at 25°C and at 589 nm. IR spectra were
recorded on a Perkin- Elmer Spectrum One FTIR. NMR spectra were recorded on Brucker, AMX 400 and Avance
500. DCI and EI were performed using a Nermag R10- 10 mass spectrometer. HPLC was performed using a
Waters Xterra RP18 column of 10 um, 19 x 250 mm. All supports and reagents used in this work were obtained
from Merck and Sigma.

2.2. Plant Species

Plant species were collected in the “Valle de Zongo” in October 2001, February and May 2002. The collection
started near the Zongo Dam at altitude 4715 m a.s.l. (68°05°02 " longitude and 16°15°02 " latitude) and ended near
the Huaji Hydroelectric Power Station at 941 m a.s.l. (67°55°04 " longitude and 16°00°05 " latitude). All species
were identified and deposited in the Bolivian National Herbarium, La Paz.

2.3. Extracts

The air-dried specimens were separated into their different organs, grinded and extracted with ethanol (200 mg/ml)
for 24 hr. The dried extracts were tested in FBIT and only the active species were submitted to the P. falciparum
test.

2.4.FBIT

The ability of the extracts and fractions to inhibit ferriprotoporphyrin IX (FPIX) biocrystallization was assessed by
following the protocols previously reported by our group [27, 28, 29]. FBIT is useful for the detection of
compounds, presented in plant extracts, which interfere with FPIX biomineralization. It has been observed in Deharo
et al. [29], that colored components do not interfere with the measurements of absorbances. In Ibafiez-Calero et al.
[28], we used FBIT to perform a bioguided isolation of a new anthraquinone from Rumex obtusifolius.

2.5. Plasmodium falciparum Test
Cultures of F32-Tanzania (chloroquine sensitive) strains of P. falciparum were maintained according to the method
of Trager and Jensen [30].

2.6. Extraction and active compounds isolation on Brachyotum microdon

Brachyotum microdon

The plant studied belongs to the Myrtales order, to the Melastomataceae family, to the Brachyotum genus and to the
Brachyotum microdon specie. Its binomial name is Brachyotum microdon (Naudin) Triana. It is commonly known
as the Rhododendrons of the Andes because of its splendor when in flower. Brachyotum microdon is a large shrub,
erect and loaded with fuchsia- like flowers. Their leaves are simple, commonly opposite and decussate with one of a
pair slightly smaller than other. They are rarely verticillate or alternate by abortion of one of a pair. They usually
present 1 to 5 secondary veins on each side of the midvein and numerous tertiary veins, parallel, and connecting
secondary veins and midvein. The flowers of Brachyotum microdon are pendant, bisexual, actinomorphic, with 4 to
5 merous and with opposite bracteoles usually caducous. They are tubular (10 to 15mm long) and present a red
hypanthium. The calyx is valvate with 3-5 lobes. The petals, 3 to 6 as the number of sepals, are distinct and
imbricate. Brachyotum microdon has stamina nectaries on the dorsal surface of the anther connective. Nectary
stomata are distributed in lines along the proximal third of the connective and are placed above large intercellular
spaces of the parenchyma. The vascular bundle in the connective is large, paralleling the epidermis by sometimes
only three layers of parenchyma cells. The anthers are typically two, celled, with 1 or 2 apical pores. The flowers
have one pistil, one style and a minute stigma. The ovary is commonly inferior with 3-5 locules with various ovules.
The fruits are dry or fleshy capsuled with small seeds [31, 32]. Figure #1 presents a picture of the collected plant.

Extraction and active compounds isolation

Dried leaves (2 kg) of Brachyotum microdon were successively extracted by 48 hr maceration at room temperature,
3 times with petroleum ether (6 L), dichloro methane (7 L) and MeOH (7 L). The dichloro methane extract
concentrated the activity in FBIT; it had 64 % inhibition at 1.25 mg/ml. The active fraction (31 g) was fractionated
on a vacuum liquid chromatography column (VLC) eluted with petroleum ether - dichloromethane — EtOAc— MeOH
mixtures of increasing polarity to yield 13 fractions.
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Figure 1. Brachyotum microdon, Melastomataceae

Fractions 7 to 9 (ICs5y< 0.25 mg/ml, 3487 mg) were joined and chromatographed on a Flash column eluted with
CH,CI, - AcOEt — MeOH mixtures to yield 11 fractions. Fraction 3 provided a mixture of fatty alcohols (18.6 mg,
ICs0: 0.2 mg/ml) after a PTLC with CHCI; (Rf= 0.16 an orange spot visualized with H,SOy4, 25%). This mixture
corresponds to C3;4H79O, Cs,HgO, C30HeO, CosHssO and CyHs4O. Fraction 7 was chromatographed on silica gel
with CH,Cl,- AcOEt (95:5) to give 2 sub-fractions. From sub-fraction 2 and after crystallization from methanol, 3-
sitosterol (1) (15mg, I1Cs: 0.2 mg/ml) was obtained. Fraction 9 (82.2 mg, ICsy: 0.19 mg/ml) was subjected to a size
exclusion chromatography with sephadex LH-20 to give 5 sub-fractions. Sub-fraction 3 (34 mg) was further
purified by PTLC (CH,Cl,, Rf=0.18 a red spot visualized with H,SO,, 25%) to afford oleanolic acid (2) (9 mg, ICs:
0.61 mg/ml).

From the VLC, fraction 10 was further fractionated on a Flash column cluted with c-hexane - AcOEt mixtures to
give 7 sub-fractions. From sub-fraction 2, ursolic acid (3) (105.3 mg, ICsy: 1.6 mg/ml) was obtained after
crystallization from chloroform. Sub-fraction 5 (133.1 mg) was purified with a silica gel Flash column providing
more ursolic acid (30mg) eluted with c-hexane - AcOEt (80:20) and a mixture of 2 diasterotopic triterpenes (9 mg),
which were separated by HPLC eluted with MeOH: H,O-TFA 0.1% (68: 32). The main triterpene (4) had a retention
time of 37.7” (4 mg, ICsy: 0.2 mg/ml). The structures of the known compounds were correlated with literature [33,
34, 35, 36].

Corosolic acid(4). White powder, [a]p> + 25° (¢ 0.10, CH;OH); IR (KBr) vm 3414, 2928, 2859, 1690, 1457,
1384, 961, 802, 742, 617; 'H NMR (CDCl;-CD;0D [4:1]): § 5.20 (1H, t, 3.6 Hz, H-12), 3.63 (1H, m, H-2), 2.91
(1H, d, J= 9.5 Hz, H-3), 2.18 (1H, d, 10.5 Hz, H-18), 1.98 (1H, ddd, J=12.5, 12.5, 5 Hz, H-16), 1.97 (1H, d, J=
12.5 Hz, H-1°), 1.93 (2H, dd, J=8.5, 4.0 Hz, H-11), 1.86 (1H, ddd, J=12.5, 12.5, 5 Hz, H-15), 1.68 (1H, dd, J=
14.0, 14.0 Hz, H-22), 1.63 (1H, dd, J=12.5, 5 Hz, H-16"), 1.63 (1H, dd, J=14.0, 4.5 Hz, H-22"), 1.56 (1H, d, 8.5
Hz, H-9), 1.54 (1H, dd, J=9.0, 8.5 Hz, H-7), 1.52 (1H, d, J=13.8 Hz, H-21"), 1.50 (1H, dddd, J=10.0,10.0,10.0,
5.0 Hz, H-6), 1.38 (1H, dd J=12.5, 12.5 Hz, H-21), 1.35 (1H, m, H-6"), 1.35 (1H, m, H-7"), 1.34 (1H, m, H-19),
1.08 (3H, s, H-27), 1.06 (1H, m, H-15"), 0.98 (3H, s, H-23), 0.98 (3H, s, H-25), 0.98 (1H, m, H-20), 0.93 (3H, d,
J=6.5 Hz, H-30), 0.90 (1H, dd, J=12.5, 10.5 Hz, H-1), 0.85 (3H, d, J= 6.5 Hz, H-29), 0.79 (6H, s, H-24, H-26),
0.78 (1H, d, J= 10.0 Hz, H-5); C NMR (CDCl;-CD;0D [4:1]): & 180.5 (C, C-28), 138.7 (C, C-13), 125.2 (CH,
C-12), 83.4 (CH, C-3), 68.5 (CH, C-2), 55.3 (CH, C-5), 52.8 (CH, C-18), 47.8 (C, C-17), 47.5 (CH, C-9), 46.5
(CH,, C-1), 42.1 (C, C-14), 39.5 (C, C-8), 39.2 (C, C-4), 39.1 (CH, C-19), 38.9 (CH, C-20), 38.0 (C, C-10),
36.8 (CH,, C-22), 32.9 (CH,, C-7), 30.6 (CH,, C-21), 28.5 (CH;, C-23), 28.0 (CH,, C-15), 24.2 (CH,, C-16),
23.4 (CH,;, C-27), 23.3 (CH,, C-11), 21.0 (CHj, C-30), 18.3 (CH,, C-6), 16.8 (CHj, C-29), 16.8 (CH;, C-24),
16.6 (CH;, C-26), 16.5 (CHs, C-25); DCIMS, m/z 490 [M+NH,]" (100), 473 [M+H]" (9), 455 (5), 446 (31), 428
(3), 248 (3); EIMS, m/z 248 (100), 233 (1), 203 (22), 189 (9).

2.7. Structure-Activity proposal

Portela et al. have demonstrated that quinolic and xanthonic type molecules interact with hemin chloride and
stabilize it thanks to large range interactions determined by their complementary electrostatic profiles [37].
Following Portella’s work, we have published a structure-activity proposal for a new antraquinone isolated from
Rumex obtusifolius and active in the FBIT test [28]. In these works, the electronic centers of the active compound
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will interact with the opposite poles found in the hematin (hemin chloride crystal). In the hemin chloride, the most
negative potential is found in the position occupied by the iron in the tetrapyrrolic system while the most positive
site is found at the propionic groups. One of the necessary characteristics that active compounds should have is the
presence of a null or positive potential all along the molecule or the presence of an aromatic cycle. In this
publication, we present a structure-activity relationship proposal to understand the fashion in which the acidic
triterpenes, isolated in this work, would interact with hemin chloride.

RESULTS AND DISCUSSION

3.1. Extracts

We tested on FBIT 155 extracts obtained from 65 collected plants. Among these plants, it is important to emphasize
that the leaves of Brachyotum microdon (Melastomataceae) showed an important inhibition in the FBIT (63 % inh.
at 2.5 mg/ml) but no activity towards P. falciparum. However, the flowers of this plant presented the highest
activity against P. falciparum in vitro (97 % inh. at 10 pg/ml). The very low amount of dried crude extract of
Brachyotum’s flowers makes the isolation of active compounds difficult. We decided to start the bioguided
separation of Brachyotum microdon since to our knowledge it had never been previously studied.

3.2. Active compounds from Brachyotum microdon

Following a bioguided isolation process using FBIT, we obtained a mixture of fatty alcohols, B-sitosterol (1),
oleanolic acid (2), ursolic acid (3) and corosolic acid (4). The structures of the known compound were correlated
with literature [33, 34, 35, 36].

(3) Ursolic acid (4) Corosolic acid

The biological results of the isolated compounds against FBIT and Plasmodium falciparum are shown in Table 2.
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Table 2. Biological results of the isolated compounds against FBIT and Plasmodium falciparum

COMPOUND FBIT ICs, P. falciparum ICs,
(mg/ml) (ug/ml)
Fatty alcohols 0.2 NT'
B-sitosterol 0.2 NT'
Oleanolic acid 0.6 96
Ursolic acid 1.6 59
Corosolic acid 0.2 100
Quinine’ 0.03 NT'
Chloroquine” 0.016 0.006

'NT: not tested
Zcontrol compounds

As shown in Table 2, corosolic acid, B-sitosterol and the mixture of fatty alcohols gave the most important results in
the FBIT, 0.2 mg/ml. In addition, corosolic acid gave an ICsp= 100 pg/ml against P. falciparum in vitro. There are
no previous reports on corosolic acid’s FBIT activity or on its low antiplasmodial property. On the other hand, the
antimalarial activities of fatty alcohols against different types of Plasmodium species were previously reported
[38,39, 40]. The known ursolic and oleanolic acid were reported to exhibit antiplasmodial activity [41, 42].
Oleanolic acid gave in our work an ICs;= 96 pg/ml against P. falciparum in vitro which is in agreement with the
reported low activity against both chloroquine - resistant and - sensitive P. falciparum with mean ICs, values of 88.8
pg/ml and 70.6 pg/ml, respectively [43]. In addition, for ursolic acid we obtained an ICs¢= 59 pg/ml against P.
falciparum in vitro which is close to the reported values, ICso= 37 pg/ml (against K1) and ICs;= 28 pg/ml (against
T9-96) [43]. Furthermore, interesting results against P. berghei in mice were obtained by Amusan et al. for ursolic
acid [44]. This triterpene produced a 97% suppression of parasitemia and a mean survival period of 25 days at 60
mg/Kg/day.

The acidic triterpenes presented in this work have been previously reported with a vast variety of biological
properties [45, 46]. Ursolic acid has shown antileishmanial properties [47, 48, 49], antiprotozoal attributes [47, 41],
antibacterial characteristics [50, 51, 52], antidiabetic activities [53, 54], antifungal property [55], anti-inflammatory
qualities [56, 57], anti-HIV feature [58] and antioxidant activities [59, 60, 61]. There is also a large anticancer and
anti-tumor research directed to different targeted organs [62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 61, 72, 57]. Ursolic
acid has also been presented as a cough suppressant [73], blood circulation promoter [74] and as a pancreatic lipase
inhibitor [75].

Oleanolic acid has also been reported with almost the same attributes than ursolic acid. It has antileishmanial
properties [48, 47], antibacterial characteristics [76, 50, 51, 52], antioxidant activities [77, 60], anti-inflamatory
quality [78], antiprotozoal attribute [47], anti-HIV feature [58], antidiabetic property [53] and antiatherosclerotic
characteristic [79]. There are also several anticancer and anti-tumor publications with this triterpene [80, 67, 71, 81,
82, 61, 72]. In addition, oleanolic acid can improve lungs function in pulmonary treatments [77] and improve
glucose tolerance [83]. It is also a photoprotector [84], has antiobese properties [83] and could have a hypolipidemic
effect [85].

Corosolic acid has also many biological attributes. There are reports about its antidiabetic activities [86, 54, 87, 88,
89, 90], anticancer/anti-tumor properties [91, 92, 93, 94, 95], antiobese characteristics (86, 46], anti-inflamatory
properties [96, 97] and antioxidant feature [97]. It has also been presented that corosolic acid has anabolic effects
[98], has effects on the cholesterol absorption in diabetes studies [99], enhances antibiotic’s activity [100], inhibits
pancreatic lipase [75] and could prevent atherosclerosis [97].

3.3. Structure-Activity proposal

In this work, we used the FBIT to find compounds that could react with hemin chloride; therefore, inhibiting its
crystallization to B-hematin. We isolated a series of acidic triterpenes that are active in the FBIT. The mechanism of
this inhibition is still unclear; based on recent publications we have presented a proposal of a triterpene- heme
complex formation [37, 28]. The proposed mechanism of action has two steps; first the attraction and stabilization of
the hemin by the triterpene through electrostatic interactions and second the formation of the complex through a
chelating ligand between the active compound and the hemin. This proposal is close to the two steps mechanism
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presented by Mulli¢ et al. [101]. The first step in Mulli¢’s work, using ursolic acid derivatives as the active
molecules, consists on the stacking of a hydrophobic structure to hemin. The second step is an additive protection of
the hemin ferric iron by the ursolic acid’s hydroxyphenil substituents through steric hindrance. This second step is
dependent and enhanced by the derivative moiety added to the ursolic acid main skeleton. In addition, the
importance of the hydrophilic framework attached to the triterpene and the possible interaction implicating binding
of the active compounds to B- hematin is also reported by Gnoatto et al. [102].

It is possible to propose an electronic behavior in these triterpenes based on their partial electronic densities. At the
extremes of the molecules, at the acid and alcohol groups, two zones of negative potentials are localized. In addition,
in the center of the molecules, there is a positive potential that joins the null potential generated by the double bond.
These electronic centers interact with the opposite electrostatic forces found in the synthetic hemin. The negative
potential in the hemin chloride will be stabilized by the positive and null zones found in the triterpenes while the
positive potential in the hemin will interact with the negative ones found in the triterpenes. Once this stabilizing
interaction is reached, the carboxylic moiety of the triterpenes reacts with the iron in the synthetic hemin displacing
the chlorure (CI') through an electronic attack. In this fashion the coordination bond FeOCO is formed. Figure #2
shows (A) the electronic stabilization of hemin chloride by a triterpene and (B) the complex formed by hemin
chloride-triterpene. We present this proposal with corosolic acid since it was the most active triterpene in the FBIT
test.

Figure 2. A) Stabilization of hemin chloride by corosolic acid. B) Complex of hemin- corosolic acid

The low antimalarial activities of the triterpenes presented in this work could be explained following Sonnet et al.’s
work [103]. They studied the abilities of antimalarial chelating compounds and ursolic acid derivatives to inhibit p-
hematin formation. They concluded that the iron chelation is not the main driving force behind the inhibition of the
heme crystallization and heme degradation; therefore, supporting the need of hydrophilic substituents to enhance the
molecule’s existing activity. The structural differences among the presented triterpenes may cause different in vitro
and in vivo antiplasmodial activities due to the possible following factors: changes on compound solubility (in
culture media and in lipid membranes), altered target site interaction and different compound’s electronic profiles.

There are no known previous reports of Brachyotum microdon, making oleanolic acid, ursolic acid and corosolic
acid the firsts compounds isolated from this species. Neither, corosolic acid or oleanolic acid has been presented as
inhibitors of the biocrystallization of FPIX. In addition, corosolic acid has not been previously reported to exhibit an
activity against P. falciparum.
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More recently, it was reported that piperazine derivatives of ursolic acid have important activities against
Plasmodium falciparum CQ-resistant strain (ICsq= 78- 167 nM) [102]. Furthermore, Suksamran et al. have also
publish that the derivatives of oleanolic acid and ursolic acid with a p- coumarate moite at the C-27 position have
enhanced antiplasmodial activities in vitro (ICse= 2.9 pg/ml for both acidic triterpenoids) [104]. In addition, a series
of ursolic acid derivatives with a variety of substituents at C-3 and C-28 position were synthesized showing
increased activity against P. falciparum [105]. These findings leave open the possibilities to prepare a series of
derivatives of the three isolated acidic triterpenes, particularly of corosolic acid and oleanolic acid, for further FBIT
and antiplasmodial studies.
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