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Universidade Estadual de Maringá, Maringá, Paraná, Brazil

We report here for the first time the in vitro effects of (1S,2R,4S)-1,7,7-trimethyl-bicyclo[2.2.1]heptan-2-yl-
39,49,59-trimethoxy benzoate (1) and (1S,2R,4S)-1,7,7-trimethyl-bicyclo[2.2.1]heptan-2-yl benzoate (2) on
the growth and ultrastructure of Trypanosoma cruzi. These two synthetic compounds exerted an
antiproliferative effect on the epimastigote forms of the parasite. The ICs50/72h of two synthetic L-bornyl
benzoates, 1 and 2, was 10.1 and 12.8 mg/ml, respectively. Both compounds were more selective against
epimastigotes than HEp-2 cells. Ultrastructural analysis revealed intense cytoplasmic vacuolization and
the appearance of cytoplasmic materials surrounded by membranes. The treatment of peritoneal
macrophages with compounds 1 and 2 caused a significant decrease in the number of T. cruzi-infected
cells. L-Bornyl benzoate derivatives may serve as a potential source for the development of more effective
and safer chemotherapeutic agents against T. cruzi infections.
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Introduction
Trypanosoma cruzi, a heteroxenic trypanosomatid,

is the causative agent of Chagas’ disease,1 which

currently affects more than 10 million people in Latin

America.2 Natural transmission to humans occurs

through contact with excreta containing metacyclic

trypomastigotes from hematophagous reduviid insect

of the subfamily Triatominae. The establishment of

vector-control programs have led to total or partial

interruption of domestic triatomine (such as

Triatoma infestans and Rhodnius prolixus) transmis-

sion in several countries in Latin America.3 However,

the presence of sylvatic triatomine bugs infected with

T. cruzi associated with anthropogenic disturbances

(such as deforestation and human invasion of

triatomine sylvatic foci), may establish the perido-

mestic and domestic cycles of the parasite. This

adaptation process represents a constant T. cruzi

infection risk and the expansion of Chagas’ disease

incidence.4 Furthermore, the parasite can also be

transmitted by blood transfusion and organ trans-

plantation, and by the congenital and oral route,

which are the main mechanisms of transmission of

Chagas’ disease in non-endemic areas.5

Chagas’ disease is characterized by large clinical

manifestation spectra ranging from the absence of

infection symptoms to severe chronic disease, invol-

ving cardiovascular or gastrointestinal pathologies.6

One of the greatest Chagas’ disease problems is

associated with unsatisfactory efficacy of the avail-

able therapeutic drugs nifurtimox and benznidazole.

These drugs induce serious collateral effects and show

limited efficacy during the chronic phase.7 On the

other hand, the existence of strains naturally resistant

to both nifurtimox and benznidazole contributes to

treatment failure.8,9 Therefore, this scenario indicates

that new, safer, and less expensive drugs are urgently

needed.

Despite the economic and social importance of

Chagas’ disease, until this moment there have not
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been any introductory perspectives by pharmaceuti-

cal industries, about new compounds or vaccines

against T. cruzi. In this context, several researchers

have shown the antimicrobial activity of natural

compounds obtained from medicinal plants against

T. cruzi, with lower toxicity to the mammalian cells,

which represents a great potential for the develop-

ment of new drugs suitable for Chagas’ disease

treatment.10

Borneol is a monoterpene commonly isolated from

plants of different genera.11–13 Borneol can also be pro-

duced by the reduction of camphor, which is used in tra-

ditional medicine for analgesia and anesthesia. In

addition, this compound inhibits rat bone resorption 14,

by inhibiting the formation of osteoclasts 15, and causes

microtubule depolymerization.16 Several terpenoid

compounds have demonstrated antiprotozoal acti-

vity against T. cruzi.17–22

Many aromatic compounds containing three vic-

inal methoxyl groups on benzene ring, which exhibit

biological activity, are found in nature.23 Moreover,

in the last decades, several amines, amides, and esters

derived from 3,4,5-trimethoxybenzoic acid were

synthesized, such as trimazosin an antihypertensive

compound,24 trimethoprim that present antibacterial

effect,25 and podophyllotoxin which are related to

antiviral action.26

In the aim of associate the biological activity with

the presence of trimethoxybenzoic group in the struc-

ture of terpenes which practically do not exhibit colla-

teral effects, the bornyl-3,4,5-trimetoxybenzoate was

synthesized by the reaction of 3,4,5-trimethoxybenzoic

acid derived from syringyl constituents of eucalyptus

tar, a renewable biomass source. Then, this work

presents the antimicrobial activity of the synth-

etic L-borneol derivatives: (1S,2R,4S)-1,7,7-trimethyl-

bicyclo[2.2.1]heptan-2-yl-39,49,59-trimethoxybenzoate (1)

and (1S,2R,4S)-1,7,7-trimethyl-bicyclo[2.2.1]heptan-2-yl

benzoate (2) (Fig. 1), against T. cruzi. The ultra-

structural changes in epimastigotes and the effect on

T. cruzi interaction with murine macrophage cells were

also examined.

Materials and Methods
Preparation of L-bornyl benzoates
L-bornyl benzoates were synthesized by the reaction

of 1.0 mM carboxylic acid (3,4,5-trimethoxybenzoic

acid or benzoic acid) with 1.2 mM thionyl chlo-

ride (SOCl2) under reflux (2 hours), to produce the

acyl chloride.27 After SOCl2 excess elimination

by distillation, each acyl derivative was then sub-

mitted to reaction with (1S,2R,4S)-1,7,7-trimethyl-

bicyclo[2.2.1]heptan-2-ol (L-borneol) to obtain the

correspondent esters (1S,2R,4S)-1,7,7-trimethyl-

bicyclo[2.2.1]heptan-2-yl-39,49,59-trimethoxy-benzoate (1)

and (1S,2R,4S)-1,7,7-trimethyl-bicyclo[2.2.1]heptan-

2-yl benzoate (2) (Fig. 1).28,29 The synthesis reac-

tions were performed at the Núcleo de Pesquisas

de Plantas Medicinais (NEPLAM), Departamento

de Quı́mica, ICEx, of the Universidade Federal de

Minas Gerais, Belo Horizonte, Minas Gerais, Brazil.

NMR spectra were obtained on a Bruker DRX 400

Advance spectrometer at 400 or 100 MHz, at 300 K

and equipped with an inverse detection 5 mm

multinuclear head 1H/13C (90u pulse widths of

6.44 ms and 7.50 ms for 1H and 13C, respectively).

Samples (10 mg) of compounds 1 and 2 were

previously dissolved in 0.5 ml CDCl3 and transferred

to a 5 mm o.d. tube. TMS was used as internal

standard. One-dimensional 1H and 13C NMR

spectra were acquired under standard conditions.
1H NMR spectra were obtained using a sweep width

of 11 990.41 Hz over 65 536 data points and multi-

plied by an exponential factor corresponding to a

0.30 Hz line broadening prior to Fourier transfor-

mation. 13C spectra were obtained using a sweep

width of 31.847 Hz. Data processing was carried out

on the SGI workstation using Bruker (DRX 400)

micro-programs and the XWIN-NMR 3.1 version

program for Windows XP. Analyses by direct

infusion electrospray ionization was performed using

a mass spectrometer (IT-TOF; Shimadzu, Tokyo,

Japan) with high resolution and mass accuracy

(,5 ppm) capabilities. The following conditions

were employed: ESI ionization in the positive mode

at z4.5 KV, and nebulizer gas at 1.5 l min21;

curved desorption line interface at 200uC and drying

gas at 100 KPa; and an octapole ion accumulation

time of 100 ms. Mass spectra were obtained in the

full scan mode within the 50–500 Da range. Stock

solutions (10.0 mg/ml) of compound 1 or 2 were

prepared in water containing 10% DMSO (v/v).

These solutions were sterilized by filtration (0.22 mm;

Millipore, Brazil) and added aseptically only once to

growth medium at determined concentrations. The

Figure 1 Chemical structure of (1S,2R,4S)-1,7,7-trimethyl-

bicyclo[2.2.1]heptan-2-yl-39,49,59-trimethoxy benzoate (1) and

(1S,2R,4S)-1,7,7-trimethyl-bicyclo[2.2.1]heptan-2-yl benzoate

(2).
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DMSO final concentration in the assays did not

exceed 1%

Microorganisms
The T. cruzi Dm28c strain30 was maintained by

weekly transfers in liver infusion tryptose medium31

supplemented with 10% fetal bovine serum at 28uC.

Log-phase epimastigote forms were obtained from a

4-day incubation culture. Metacyclic trypomastigotes

were obtained after in vitro differentiation under

chemically defined conditions, as previously descri-

bed by Contreras et al.32

Antitrypanosomal activity
Epimastigotes of the T. cruzi Dm28c strain in

logarithmic growth phase (56105 cells) were added

to 186180 mm screw-capped tubes containing 2 ml

of growth medium with 5.0–100.0 mg/ml 1 or 2. The

cultures were incubated at 28uC, and after 72 hours,

cell growth was estimated by direct counting in a

hemocytometer (Improved Double Neubauer). Tubes

containing medium alone or medium plus 1% DMSO

served as growth and sterility controls. The results

were expressed as IC50/72h (50% inhibitory concentra-

tions after 72 hours of incubation). Benznidazole

(Roche Pharmaceuticals) was used as reference drug

and its stock solution was prepared in 10% DMSO as

described above.

Interaction with macrophages
The murine peritoneal cells were prepared from

BALB/c mice obtained from the breeding colonies

of the animal facility of the Centro de Ciências

Biológicas at Universidade Estadual de Londrina,

Londrina, Paraná, Brazil. The experimental pro-

tocol was approved by the Ethics in Animal

Experimentation Committee of the Universidade

Estadual de Londrina (CEEA no. 05/11). Mice were

injected intraperitoneally with 1.5 ml of 3% thiogly-

colate, and peritoneal cells were collected 4 days later

by injecting 10 ml of cold sterile 50 mM sodium

phosphate buffer, pH 7.4, containing 0.15 M NaCl

(PBS). The cells obtained were centrifuged at 500g for

10 minutes at 4uC and resuspended in RPMI 1640

medium (Invitrogen-Gibco, USA) supplemented with

10% heat-inactivated fetal bovine serum (Invitrogen-

Gibco), 50 mg/ml gentamicin, 100 IU/ml penicillin,

100 mg/ml streptomycin, and 2 mM glutamine.

Peritoneal cells were counted and added to a 24-well

culture plate (Techno Plastic Products, Switzerland)

at a density of 16106 cells/well. After incubation for

4 hours, non-adherent cells were removed by washing

with sterile PBS. The plates were incubated for

another 18 hours and metacyclic trypomastigotes at

a protozooan to macrophage ratio of 10 : 1 were

added to the monolayer culture and the plate was

incubated for 4 hours. Afterwards, the plates were

washed three times with sterile PBS to remove the

extracellular parasites. The fresh culture medium

alone (control) or containing the IC50/72h of com-

pound 1 or 2 (against epimastigotes) was added and

the plates were incubated for a maximum period of

48 hours. The coverslips of controls and tests were

fixed with methanol (Merck, Brazil), stained with

Giemsa and permanently prepared in ERV-Mount

resin. The percentage of infected host cells and the

mean number amastigotes/200 cells were determined

by direct counting with a light microscope.

Cytotoxicity assay
HEp-2 cells (human larynx carcinoma, ATCC, CCL-

23) were cultured in Dulbecco’s modified Eagle’s

medium (Invitrogen-Gibco) supplemented with 10%

(v/v) heat-inactivated fetal bovine serum, 2 mM L-

glutamine, 100 IU/ml penicillin, 100 mg/ml strepto-

mycin, and 2.5 mg/ml amphotericin B, in 5% CO2 at

37uC. The cells were grown in a 96-well culture plate

(Techno Plastic Products) at a density of 16105 cells/

well for 24 hours. At confluence, non-adherent cells

were removed by washing with sterile PBS. The

medium containing different concentrations of 1 or 2

was added to each well containing the cells, and the

plates were incubated for 72 hours. Cell viability was

determined by the MTT [dimethylthiazol diphenyl

tetrazolium bromide (Sigma Chemical Co., USA)]

method according to the manufacturer’s recommen-

dation. The concentration of the compounds needed

to reduce the number of viable cells up to 50% by

regression analysis corresponded to the 50% cyto-

toxic concentration (CC50) and the selectivity index

(SI) was calculated using the equation: SI5CC50/

IC50.

Transmission electron microscopy
Epimastigotes of T. cruzi Dm28c treated with IC50/72h

of 1 or 2 were fixed for 2 hours at room temperature

with 2.5% glutaraldehyde in 0.1 M sodium cacody-

late buffer, pH 7.2. Post-fixation was carried out in

1% osmium tetroxide in cacodylate buffer containing

0.8% potassium ferrocyanide and 5 mM CaCl2 for

1 hour at room temperature. The cells were dehy-

drated in acetone and embedded in Epon resin.

Ultrathin sections were stained with uranyl acetate

and lead citrate, and examined with a Zeiss EM900

electron microscope.

Statistical analysis
The results were evaluated by the Tukey–Kramer test

using the software Statistic for Windows, version 6.0

(Statsoft, Inc., Oklahoma City, OK, USA). P values

less than 0.05 indicated a significant difference.

Results
Structural identification of compounds
Compound 1: Colorless oil, C20H2805, FW5

348.433 g mol21. 13C NMR (400 MHz, CDCl3):
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13.66 (C-10), 18.95 (C-8), 19.74 (C-9), 27.49 (C-6),

28,12 (C-5), 36.94 (C-3), 45.02 (C-4), 47.89 (C-7),

49.14 (C-1), 56.26 (C-39-OCH3, C-59-OCH3), 60.92

(C-49-OCH3), 80.69 (C-2), 106.88 (C-29, C-69), 125.99

(C-19), 142.25 (C-49), 152.97 (C-39, C-59), 166.40

(C5O). MS Data (I.E., 70 eV) main fragments: m/z

[assignment]: 348 [molecular cation radical, Mz]; 212

[3,4,5-trimethoxybenzoic acid cation radical, (M-

136)z]; 195 [acyl cation, base peak, (M-153)z].

CHN analysis: C568.70%; H58.47%; N50.12%.

Compound 2: Colorless oil, C17H2202, FW5

258.322 g mol21. 13C NMR (400 MHz, CDCl3):

13.60 (C-10), 18.92 (C-8), 19.72 (C-9), 27.41 (C-6),

28.10 (C-5), 36.92 (C-3), 45.01 (C-4), 47.88 (C-7),

49.10 (C-1), 80.52 (C-2), 129.50 (C-29, C-69), 130.92

(C-19), 132.72 (C-49), 128.31 (C-39, C-59), 166.80

(C5O). MS Data (I.E., 70 eV) main fragments: m/z

[assignment]: 258 [molecular cation radical, Mz]; 122

[3,4,5-trimethoxybenzoic acid cation radical, (M-

136)z]; 105 [acyl cation, base peak, (M-153)z].

CHN analysis: C578.79%; H58.31%; N50.08%.

Antitrypanosomal activity and cytotoxicity to
mammalian cells
This study demonstrates for the first time the

biological activity of L-bornyl benzoates 1 and 2

against epimastigote forms of T. cruzi Dm28c. The in

vitro effects of compounds 1 and 2 against the

epimastigote forms are shown in Fig. 2A. A dose-

dependent antiprotozoal effect was found for both

compounds. The L-bornyl benzoate 1 at 100 mg/ml

inhibited more than 98% of parasite growth after

72 hours of incubation. At the same concentration,

compound 2 completely inhibited epimastigote pro-

liferation. The ICs50/72h calculated for 1 and 2 were

10.1 and 12.8 mg/ml, respectively. The presence of

DMSO in the culture did not interfere with the

parasite growth pattern. The IC50/72h of benznidazole

for T. cruzi Dm28c strain was 2.5 mg/ml.

The effects of 1 and 2 on the intracellular amastigotes

were determined by treating peritoneal macrophage

cells with both compounds for 48 hours. As compared

to the control cells, a significant decrease in the

percentage of macrophage-infected and 1 (10.1 mg/ml)

or 2 (12.8 mg/ml)-treated cells was observed. At the

concentrations tested, there was 52.3% and 64.5%

inhibition of macrophage infection by T. cruzi. No

significant difference was observed, between the two

compounds, in the number of amastigotes per infected

and treated and untreated cell (data not shown). In

addition, no morphological alterations were observed

in treated and infected macrophages.

The determination of the cytotoxicity of 1 and 2

against HEp-2 cells after 72 hours of incubation is

shown in Fig. 2B. It was not possible to determine

the CC50/72h of both compounds since with the

highest concentration of 1 and 2 tested (500 mg/ml)

around 74.3% and 78.9% of the cells were viable,

respectively. Then, the SIs of 1 (.49.5) and 2 (.39.1)

indicate that these two L-bornyl benzoate derivatives

are more selective against the T. cruzi epimastigotes

than the mammalian cells.

Ultrastructural changes induced by bornyl
benzoates
The epimastigotes treated with 1 or 2 at the respective

IC50/72h were analyzed by transmission electron

microscopy. The results showed multiple cytoplasmic

vacuoles and the presence of myelin-like structures

(Fig. 3). Some of the vacuoles in the cells treated with

both compounds appeared to contain cytoplasmic

components (Fig. 3b and e, asterisk). Interestingly, a

cellular aggregation with possible parasites mem-

brane fusion was only observed after 1 treatment

(Fig. 3b and c, black arrow).

Figure 2 Effect of L-bornyl benzoates compounds 1 (gray bar) and 2 (black bar) on growth of epimastigotes of Trypanosoma

cruzi Dm28c (A) and cytotoxicity to mammalian cells (B). The cells were cultured for 72 hours in the presence of indicated

concentrations. The results are the average of two experiments in duplicate and expressed as percentage of growth inhibition

or cytotoxicity in relation to untreated cells.
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Discussion
The traditional use of plant materials for treatment of

microbial infections is common since ancient times.

The chemical structure and biological activity of the

natural products, mainly those related to T. cruzi

treatment, have been gradually studied by many

researchers.10 Furthermore, natural products have

served as building blocks or scaffolds in the synthesis

of active analogues. The synthesis of more active

molecules under laboratory conditions is involved in

combinatorial strategies in order to obtain a potent

antimicrobial derivative without collateral effects to

the host and with low cost of large-scale production.33

In this work, the in vitro effects of two synthetic

L-bornyl benzoates on growth and ultrastructure

of epimastigote forms of Trypanosoma cruzi are

reported for the first time. Both compounds exerted

an antiproliferative effect on the epimastigote forms

and were more selective against epimastigotes than

HEp2 cells. In addition, 1 and 2 caused a decrease in

the number of T. cruzi-infected macrophages. Both

compounds may affect host cell invasion by the

parasite, but the number of amastigotes inside the

treated cells was not significantly different compared

to the untreated cells. However, this possibility

requires further investigation.

Terpenoids comprise a large class of natural

products that are used as commercial flavor and

fragrance compounds and as drugs for different

disease treatments. The biological activities of terpe-

noids obtained from plants have been extensively

reported in the literature including the antimicrobial

effect against T. cruzi.17–22 Among monoterpenes,

Kiuchi et al.17 showed the inhibitory activity of four

monoterpene 1- or 2-hydroperoxides against epimas-

tigotes and trypomastigotes of T. cruzi. The substitu-

tion of the hydroperoxide radicals by hydrogen

abolished these effects. On the other hand, Saeidnia

et al.20 showed that two monoterpene-10-O-beta-D-

glucopyranosides were inactive against epimastigote

forms. However, no reports of the antitrypanosomal

activity of the monoterpene borneol or derivatives

was described previously.

The L-bornyl benzoates 1 and 2 induced intense

cytoplasmic vacuolization, while the presence of

myelin-like structures was also observed by elec-

tron microscopy. Intense vacuolization has been

demonstrated in epimastigotes treated with 5-epi-

icetexone, a diterpene compound with antitrypa-

nosomal activity.22 Interestingly, the presence of

epimastigote aggregates was observed only after 1

treatment, suggesting the occurrence of plasma

membrane fusion. The mechanisms by which both

compounds affect parasite growth are unclear. The

presence of a methoxy group at the 39, 49, and 59

benzoyl ring position makes 1 more suitable for phase

I and phase II metabolic reactions. These conditions

may explain the difference observed in compound 1-

treated epimastigotes in relation to its effect on the

plasma membrane.

The appearance of cytoplasmic materials sur-

rounded by membranes may suggest the presence of

autophagic vacuoles, which is one of the first pieces of

ultrastructural evidence of autophagic cell death

phenotype.34 This phenotype can be observed in

epimastigotes of T. cruzi treated with naphthoimida-

zoles derived from beta-lapachone.35

In conclusion, the results of this study showed for

the first time an inhibitory effect of synthetic L-

bornyl benzoate derivatives 1 and 2 against T. cruzi,

with low toxicity to host cells. Further studies are

warranted to understand the mode of action of these

two compounds and to confirm their efficacy in the

treatment of Chagas’ disease.

Figure 3 Effect of compounds 1 (b–c) and 2 (d–e) on

epimastigote forms of Trypanosoma cruzi after 72-hour

treatment, as observed by transmission electron micro-

scopy. (a) Untreated cell showing the normal morphology.

(b–c) Treated cell with 10.1 mg/ml of compound 1. Note

vacuoles containing cytoplasmic material (asterisk), and

membrane aggregation (arrow). (d–e) Treated cell with

12.8 mg/ml of compound 2. Note the myelin-like figure inside

of citoplasm (arrowhead) and vacuoles containing cytoplas-

mic material (asterisk). Scale bar51 mm. N, nucleus; K,

kinetoplast.
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Araucária), and Programa de Pós-Graduação em

Microbiologia da Universidade Estadual de Londrina.

We thank Dr A. Leyva for reading this manuscript. This

work is part of the MSc dissertation of P. R. C. Corrêa.
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Monteón VM. Mexican Trypanosoma cruzi isolates: in vitro
susceptibility of epimastigotes to anti-Trypanosoma cruzi drugs
and metacyclic forms to complement-mediated lysis. Vector
Borne Zoonotic Dis. 2007;7:330–6.

10 Izumi E, Ueda-Nakamura T, Dias Filho BP, Veiga Júnior VF,
Nakamura CV. Natural products and Chagas’ disease: a review
of plant compounds studied for activity against Trypanosoma
cruzi. Nat Prod Rep. 2011;28:809–23.

11 Uzel A, Guvensen A, Cetin E. Chemical composition and
antimicrobial activity of the essential oils of Anthemis xylopoda
O. Schwarz from Turkey. J Ethnopharmacol. 2004;95:151–4.

12 Orav A., Arak E, Raal A. Phytochemical analysis of the
essential oil of Achillea millefolium L. from various European
countries. Nat Prod Res. 2006;20:1082–8.

13 Wenqiang G, Shufen L, Ruixiang Y, Yanfeng H. Comparison
of composition and antifungal activity of Artemisia argyi Lévl.
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