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Abstract: This work aimed to determine the chemical composition of essential oils from rhizomes and leaves of 
Renealmia chrysotricha Petersen, R. breviscapa Poepp. & Endl. and R. nicolaioides Loes., and to evaluate the 
biological activities of these oils on three Candida species and the parasite Trypanosoma cruzi. The rhizomes 
and leaves were collected in the Atlantic and Amazon rainforests. Essential oils were isolated and characterized 
by gas chromatography. Βeta-Caryophyllene was found to be the most predominant compound in the essential 
oils of rhizomes and leaves of R. breviscapa, and the rhizomes of R. nicolaioides, whereas (E)-nerolidol was the 
most abundant compound in the oils of leaves of R. nicolaioides. In R. chrysotricha, α-terpineol, coronarin-E and 
1,8-cineole were found to be the most predominant compounds in the essential oils of rhizomes, whereas cis-3-
hexenol was predominant in the leaves. The tested oils did not inhibit C. albicans growth at 1000 µg/mL, 
whereas leaf oils from R. chrysotricha and R. nicolaioides inhibited the growth of C. buinensis and C. tropicalis 
by about 50%. Essential oils from the rhizomes and leaves of R. chrysotricha exhibited efficient antiparasitic 
activity against Trypanosoma cruzi. Damage to T. cruzi epimastigotes was confirmed by LM and TEM. 
 
Keywords: Zingiberaceae; rhizomes; leaves; terpenoids; anticandidal activity; antiparasitic activity.  © 2018 
ACG Publications. All rights reserved. 

 

1. Introduction 

Fungal and protozoan diseases are widely disseminated and very common among tropical 
countries. These diseases are difficult to treat because the pathogens can develop resistance to 
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medications or because of side effects of treatments [1], and so natural products derived from plants 
have been used as a source of replacement drugs [2].  

Plants of the family Zingiberaceae are well known for producing essential oils (EOs) that are used 
to prevent and control several diseases, according to descriptive and biological studies [3-9]. 

The activity of essential oils from the rhizomes of nine species of Zingiberaceae (Zingiber 
officinale Rosc., Z. cassumunar Roxb., Z. zerumbet Smith, Curcuma aeruginosa Roxb., C. mangga 
Valeton and van Zyp, C. xanthorrhiza Roxb., Kaempferia galanga Linn., Alpinia galanga Swartz and 
Boesenbergia pandurata (Roxb.) Schlecht) against five dermatophytic fungi, three filamentous fungi 
and five yeast strains, including Candida albicans and C. tropicalis, obtained from the Institute for 
Medical Research Kuala Lumpur, was evaluated [3]. The essential oils from Zingiber officinale and Z. 
cassumunar showed the greatest activity against species of Candida, forming an inhibition zone of 
11.7-15.7 mm. The rhizome essential oil of Zingiber nimmonii was found to inhibit the fungi Candida 
glabrata, C. albicans and Aspergillus niger, with the inhibition zones reaching 9-12 mm in diameter 
[4]. 

The essential oils from different parts (leaf blade, leaf sheath and rhizome) of Aframomum 
sceptrum (Oliv. & T. Hanb) K. Schum. did not inhibit the growth of C. albicans [5], whereas rhizome 
oil of Curcuma longa L. exhibited moderate activity (MIC = 0.625 g/mL) against 11 Candida 
albicans strains and one C. glabrata strain isolated from human clinical material [6]. 

The antifungal and antiparasitic activity of rhizome essential oil from Aframomum spectrum 
(Oliv. and D. Hanb) K. Schum., as well as that of its major compounds (β-pinene and caryophyllene 
oxide) [7]. The authors concluded that the oil exhibited moderate activity against C. albicans, and high 
activity against Trypanosoma brucei brucei. 

The activity of rhizome and leaf essential oils from Hedychium coronarium J. König., as well as 
the activity of their major compounds against the procyclic Trypanosoma brucei. Caryophyllene oxide 
exhibited the greatest activity, with its lethal concentration for 50% of parasites varying between 24.53 
and 65.77 g/mL  for a variety of strains [8]. 

Renealmia L. fil. (Zingiberaceae) comprises 75 herbaceous and rhizomatous species from the 
Neotropical region and Africa [10]. A review by Negrelle [11] addressed botanical, ecological, 
pharmacological and agronomic aspects of the species of Renealmia, and emphasized that few of the 
species have had their chemical composition evaluated. In Brazil, this genus is represented by 21 
species distributed in all phytogeographic domains and in all regions of the country, 14 of which are 
found in the Northern Region [12]. Recent studies with essential oil-producing species of the Amazon 
region have been performed with the purpose of evaluating biological activities, such as antimicrobial, 
antioxidant and cytotoxic behaviors [13,14]. 

A previous study by Luz et al. [15] elucidated the composition of leaf oil of R. floribunda K. 
Schum., and found β-pinene to be the predominant compound. For Renelamia alpinia (Rottb.) Maas, 
β-caryophyllene, allo-aromadendrene and β-pinene were detected in stems, leaves and fruits, 
respectively [16]. For leaves of R. thyrsoidea (Ruiz &Pav.), terpinolene and α-phellandrene were 
identified as major, and were found to exhibit antimicrobial activity against gram-negative bacteria, 
and antioxidant activity via the ABTS method [17]. 

The present work aimed to determine the composition of essential oils from leaves and rhizomes 
of Renealmia chrysotricha Petersen, R. breviscapa Poepp. & Endl. and R. nicolaioides Loes., and to 
evaluate the biological activities of these compounds on different yeasts and the parasite Trypanosoma 
cruzi. 

 

2. Materials and Methods 

2.1. Plant Materials 
 
Rhizomes and leaves of R. chrysotricha were collected in the Parque Nacional de Itatiaia in May 

of 2015, while those for R. breviscapa and R. nicolaioides were collected at the Fazenda Experimental 
Catuaba (10°4′40"S×67°37′35"W)and in the Reserva Florestal Humaitá (9°45′17"S×67°40′15"W) 
located in Rio Branco, state of Acre, in June of 2015. The material was identified and deposited in the 
Herbarium of the Universidade Federal Rural do Rio de Janeiro (RBR), voucher 33416 for R. 
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chrysotricha, and in the Herbarium of the Universidade Federal do Acre (UFACPZ), vouchers 6645 
and 6646 for R. breviscapa and R. nicolaioides, respectively.  

 
2.2 Extraction of Essential Oils  

 
Fresh rhizomes (115 g ± 10) and leaves (420 g ± 20) of R. chrysotricha, R. breviscapa and R. 

nicolaioides were hydrodistilled using a modified Clevenger Extractor [18]. The extraction was 
carried out for 2 h. The obtained oil layers were separated and dried over anhydrous sodium sulphate, 
stored in hermetically sealed glass containers and kept under refrigeration at 4 °C before analysis. The 
yield of the essential oil was calculated and expressed as weight of oil per weight of fresh rhizomes. 

The oils obtained from rhizomes and leaves were analyzed by analytical gas chromatography 
(GC-FID) and gas chromatography-mass spectrometry (GC-MS). The GC-FID analyses were 
performed with a Hewlett-Packard 5890 SERIES II chromatograph equipped with a flame ionization 
detector and a fused silica capillary column (Factor Four-VF-5ms - 30 m x 0.25 mm i.d. x 0.25 mm 
film thickness). The analyses were performed first between the programmed temperatures of 60-260 
°C (increments of 3 °C/min), and subsequently from 10°C/min to 290 °C, using helium as carrier gas 
at a flow rate of 1 mL/min, with an injector temperature of 220 °C, interface at 310 °C, detector 
temperature of 280 °C, and the injection of 1.0 μL of essential oil diluted in dichloromethane. 

The GC-MS analyses were carried out with a Shimadzu GC-EM, GC-17A/ QP2010 Plus, with 
ion source at 220 °C and electron ionization mode at 70 eV. The chromatographic conditions were 
identical to those described above. The analyses were performed at a scanning speed of 0.5 scan/s with 
a m/z 40–550 scanning layer. The relative amount (%) of each oil component was expressed as a 
percentage of signal area in relation to the total signal area of the oil. 

The components of the essential oils were characterized by comparing their spectra with a 
database, with literature records and by calculating the Kovat’s retention index [19-21]. 

 
2.3 Anti-Candida Activity  

 
The yeasts Candida albicans (CE022), Candida buinensis (3982) and Candida tropicalis 

(CE017) were cultivated in Sabouraud medium [peptone 10 g/L, D-(+) glucose 20 g/L, agar-agar 17 
g/L; Merck S/A], maintained at 23 °C and stored at the Laboratório de Fisiologia e Bioquímica de 
Microrganismos, in the Centro de Biociências e Biotecnologia, of the Universidade Estadual do Norte 
Fluminense Darcy Ribeiro (UENF), Campos dos Goytacazes, Rio de Janeiro, Brazil. 

Yeast cells (C. albicans, C. buinensis and C. tropicalis inoculates) were removed from the tubes 
containing Sabouraud agar and transferred to Petri dishes containing the same agar. The cells were 
maintained at 30 °C for two days. After this period, the cells were used in the assay by removing 
colonies with an inoculation loop, adding them to 10 mL of culture medium (Sabouraud broth) and 
quantifying them using a Neubauer chamber (same as used for quantifying fungal spores) under a 
Zeiss Axiovision 4 light microscope. 

After quantification, the cells of the yeasts C. albicans, C. buinensis and C. tropicalis (1 x 104 

cells m/L) were incubated in 200 L of Sabouraud containing a stock solution of the essential oil 
samples was prepared in 10% DMSO at a concentration of 1000 g m/L of essential oil from rhizomes 
or leaves of R. chrysotricha, R. breviscapa or R. nicolaioides.  

The assay was performed in 96-well culture plates and incubated at 30 °C for 24 h. To observe 
inhibition of fungal growth, optical density was calculated from readings with a microplate reader (EZ 
Read 400, Biochrom), at 620 nm every 6 h. Negative controls without addition of essential oil samples 
were also determined. The entire assay was done in triplicate and under aseptic conditions in a laminar 
flow hood following an adaptation of the methodology of [22]. 

 
2.4 Antiparasitic Activity 

 
Epimastigotes of Trypanosoma cruzi (DM28 strain) were cultivated in 5 mL of liver infusion 

tryptose (LIT) medium supplemented with 10% FCS (fetal bovine serum, Gibco) and 4% of hemin at 
28 °C. Every five days, 1 mL of parasites, still at exponential population growth, were placed in a 
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fresh tube, in which fresh culture medium was added to reach 5 mL. Much research has been 
performed using the epimastigote of T. cruzi because it is easily cultivated in vitro and, consequently,  
widely used in preliminary experimental studies. 

For cytotoxicity testing of R. chrysotricha essential oil on epimastigotes, different volumes of 
stock solution were incubated in a 96-well plate to give final concentrations of 25, 100, 400 and 800 
µg/mL, with the final concentration of DMSO being less than 1.5% at all concentrations. In addition, 
100 µL of parasites, at a density of 1.3 x 106 cells/mL, were added per well and the volume was 
adjusted to 200 µL using culture medium. The plate containing the experiment was incubated at 28 °C 
for 24 and 48 h. Negative controls without addition of essential oil samples were also determined. 
Quantification of parasites was done in a Neubauer chamber.  

For morphological analysis, epimastigotes of T. cruzi were centrifuged at 1700 rpm for 10 min, 
and washed with PBS (pH 7.2) at room temperature. The parasites were fixed in a solution of 4% 
paraformaldehyde diluted in PBS, and stained with Giemsa (10% v/v) for 2 h at room temperature. 
Aliquots of 100 µL were spread on microscope slides, dried at 37 °C and examined using a photo-
equipped Zeiss Axioplan light microscope. The images were obtained using the software Axiovision 
(ZEISS). 

For analysis of ultrastructure, the samples treated with 100 µg/mL of aqueous extract for 24 h 
were centrifuged for 10 min at 1700 RPM, washed with PBS for 10 more min and re-centrifuged at the 
same RPM. Fixation was performed using 4% formaldehyde, 1% glutaraldehyde, 0.2 M sodium 
cacodylate buffer, 1.5 mL distilled water and 5% sucrose for 1 h at room temperature. The samples 
were then centrifuged again for 10 min at 1700 RPM and washed with a 0.1 M solution of sodium 
cacodylate buffer. The resulting pellet was post-fixed with 2% osmium tetroxide and 0.8% potassium 
ferrocyanide for 1.5 h at ambient temperature and protected from light. The post-fixed samples were 
washed in sodium cacodylate buffer, centrifuged twice and dehydrated in an increasing series of 
acetone. After dehydration, the samples were incubated in a solution of 100% acetone-epon resin in 
proportions of 2:1, 1:1, 1:2 and pure epon resin, for 6 h each step. The material was then embedded in 
epon (Epoxy Resin) and polymerized in a kiln at 60 °C for 48 h. Ultrathin sections were obtained 
using an ultramicrotome (Reichert Ultracuts Leica Instruments®) and contrasted with 5% aqueous 
uranyl acetate for 20 min in the dark and lead citrate for 5 min. The material was observed and 
photographed with a Zeiss TEM 900 transmission electron microscope operating at an accelerating 
voltage of 80 kV. 

 
3.  Results and Discussion  
 
3.1. Essential Oil Composition 

 
The essential oil yields for R. chrysotricha, R. breviscapa and R. nicolaioides were 0.024%, 

0.012% and 0.018% for rhizomes, and 0.0075%, 0.008% and 0.017% for the leaves, respectively. 
Tables 1 and 2 show the oil constituents. 

Nineteen constituents were identified in the rhizome essential oil of R. chrysotricha, which 
corresponded to 92.98% of all the oil, with the major constituents being α-terpineol, coronarin E and 
1,8-cineole (Table 1). The monoterpene α-terpineol has been referred to as both antinociceptive [26] 
and bactericidal [27].The compound 1,8-cineole has been found to be profuse in rhizome essential oils 
of species of Zingiberaceae [8,28], and exhibits anti-inflammatory and antinociceptive activities [29]. 
The labdane diterpene coronarin E, also classified as a furanolabdanoid, was first isolated from the 
rhizome of Hedychium coronarium Roscoe [30], and later from H. gardnerianum Roscoe, H. 
ellipticum Buch.-Ham. ex Sm., H. longicornutum Bak., and H. spicatum [31-34]. This compound was 
also isolated from other genera of the same family, including Aframomum, Alpinia, Amomum and 
Curcuma [34-37]. This diterpene exhibited moderate activity against Mycobacterim tuberculosis, as 
well as cytotoxic activity [32,33]. 
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          Table 1. Essential oil constituents of rhizomes of Renealmia species 
KIa KIb Compoundc Composition % 

  Rc Rb Rn 
  Oxygenated monoterpenes    

1036 1026-1032b-d,g 1.8-cineole 15.87 _ _ 
1073 1067-1075 b-d cis-linalool oxide  _ _ 0.20 
1074 1066-1070b,g cis-sabinene hydrate  0.67 _ _ 
1090 1084c.d trans-linalool oxide  _ _ 0.23 
1096 1095-1101 b-d,h,g linalool 1.49 _ 1.71 
1103 1098c,g trans-sabinene hydrate 0.85 _ _ 
1124 1118c,d exo-fenchol 0.08 _ 0.80 
1129 1136c menth-2-en-1-ol. trans-p- 0.41 _ _ 
1146 1140b,d trans-pinocarveol  1.08 _ 1.48 
1161 1144b,d cis-verbenol _ _ 1.01 
1168 1145-1149b-d camphene hydrate _ _ 0.32 
1168 1160-1161b-d pinocarvone 0.38 _ _ 
1178 1165-1166b-d borneol 4.27 _ 1.47 
1189 1174-1178a-d terpinen-4-ol 9.94 _ 1.82 
1201 1186-1190a-d.g α-terpineol  26.14 1.10 14.15 
1214 1194-1195a,c,d myrtenol _ _ 0.32 
1216 1207b,d trans-piperitol 0.25 _ _ 
1288 1283-1286b-d isobornyl acetate _ _ 0.29 
1299 1289c trans-sabinyl acetate _ _ 0.65 
1350 1346-1350a-d α-terpinyl acetate 0.45 _ _ 
  Hydrogenated sesquiterpenes    
1425 1411-1420a-d.f.h β-caryophyllene 2.99 62.38 22.78 
1454 1447-1454a-d.f.h α-Humulene 0.36 9.56 4.44 
1461 1457c sesquisabinene 0.23 _ _ 
1479 1460c dehydro-aromadendrene _ _ 1.29 
1523 1511c-d δ-amorphene _ _ 0.62 
  Oxygenated sesquiterpenes    
1564 1561-1564a-d (E)-nerolidol  0.19 3.27 11.06 
1591 1581-1589a-d,f,g caryophyllene oxide 2.23 9.27 9.90 
1604 1600c guaiol _ 0.36 0.71 
1619 1601-1608c,f,g humulene epoxide II _ 1.43 1.67 
1642 1639c carophylla-4(12).8(13)-dien-5β-ol _ 0.23 0.49 
1650 1640-1643a-d epi-α-muurolol _ 0.63 0.89 
1664 1642c selina-3.11-dien-6-α-ol _ 0.57 0.89 
  Carboxylic acid    
1965 1968b n-hexadecanoid acid _ 0.40 1.61 
  Oxygenated Diterpenes    
2027 2026c (E-E)-geranyl linalool _ 0.36 0.53 
2146 2136e coronarin E# 25.1 _ _ 
  Oxygenated monoterpenes 61.88 1.10 24.45 
  Hydrogenated sesquiterpenes 3.58 71.94 29.13 
  Oxygenated sesquiterpenes 2.42 15.76 25.61 
  Carboxylic acid _ 0.40 1.61 
  Oxygenated Diterpenes 25.1 0.36 0.53 
  Total 92.98 89.56 81.33 

aKI= Kovats indices.  
bKI = Kovats indices of literature. a) [16], b) [19], c) [20], d) NIST08= database, e) [21], f) 
[22], g [23], h [24]. 
cCompounds listed in order of elution from a VF-5ms column. 
Rc= Renealmia chrysotricha, Rb= R. breviscapa, Rn= R. nicolaioides.  
# Identify confirmed on the basis of mass spectra: m/z (relative intensity) 284(50. M+.). 
160(20). 147(100). 137(30). 95(50). 81(80). 69(40). 55(70). 41(40). 
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Table 2. Essential oil constituents of leaves of Renealmia species 

KIa KIb Compoundc Composition % 
  Rc Rb Rn 

  Oxygenated hydrocarbons    
858 850-857b-d cis-3-hexenol 57.28 15.05 9.45 
866 859c,d cis-2-hexenol _ _ 0.19 
869 863-870b-d n-hexanol 0.99 _ 0.75 
  Hydrogenated hydrocarbons    
936 932-940a-c,f-h α-pinene _ _ 0.09 
983 974-982a-d,f,h β-pinene _ _ 0.16 
991 988-992a-d,g Myrcene _ _ 0.10 
1032 1024-1030a-d Limonene _ _ 0.26 
  Oxygenated monoterpenes    
1036 1026-1032b-d,g 1,8-cineole 0.33 _ 0.11 
1074 _d 5isopropyl2methylbicyclo[3.1.0]hexan-2-ol 0.16 _ _ 
1103 1095-1101b,d,g,h Linalool _ 1.11 0.60 
1106 1098c,g trans-sabinene hydrate 0.51 _ _ 
1125 1114c,d endo-fenchol _ _ 0.97 
1132 1124b,d α-campholenal _ _ 0.40 
1147 1140b,d trans-pinocarveol  1.44 _ _ 
1151 1140-1145a,d trans-verbenol 0.44 _ _ 
1162 1145-1149b-d camphene hydrate _ _ 1.33 
1168 1160-1161b-d Pinocarvone 0.28 _ _ 
1178 1165-1169b-d,g Borneol 0.37 _ 2.19 
1187 1174-1178a-d terpinen-4-ol 3.24 0.74 0.82 
1193 1179-1184b-d p-cymen-8-ol _ 0.43 _ 
1201 1186-1190a-d,g α-terpineol  4.12 3.37 11.92 
1205 1194-1195a,c,d Myrtenol 0.21 _ _ 
1226 1215-1217b-d trans-carveol _ _ 0.53 
1229 1204-1206b-d cis-verbenone 0.16 _ _ 
  Hydrogenated sesquiterpenes    
1351 1345-1351b-d α-cubebene _ _ 0.65 
1379 1369-1379a-d,f-h α-copaene _ 0.89 3.31 
1389 1384-1387a-d β-bourbonene _ _ 0.57 
1393 1400c Sibirene _ _ 0.89 
1413 1408-1409b,d α-gurjunene _ _ 0.86 
1426 1417-1420a-d β-caryophyllene 6.85 28.25 3.40 
1436 1430-1433b,c,g β- copaene _ _ 1,06 
1455 1447-1454a-d,f,h α-Humulene 0.84 _ _ 
1462 1454-1456b-d (E)-β-farnesene 0.56 _ _ 
1467 1451-1462a,c,f-h allo-aromadendrene _ 1.39 1.24 
1478 1471c dauca-5,8-diene _ _ 0.35 
1482 1474c α-neocallitropsene _ _ 0.93 
1488 1473-1484a-c,g,h germacrene D _ 3.89 10.33 
1499 1493c trans-muurola-4(14),5-diene _ _ 0.75 
1504 1494-1500b,c,g Bicyclogermacrene _ 6.90 7.45 
1520 1511c-d δ-amorphene _ _ 0.17  
1524 1521-1523a,b,d,g δ-cadinene _ 1.06 4.04 
1530 1533c trans-cadina-1,4-diene _ _ 0.85 
  Oxygenated sesquiterpenes    
1567 1561-1564a-d (E)-nerolidol  0.60 2.28 21.03 
1589 1572-1583a-d,g,h Spathulenol _ 2.34 _ 
1591 1581-1583a-d,g caryophyllene oxide 4.92 3.38 _ 
1597 1590-1597a-c,g Viridiflorol _ 2.75 0.98 
1606 1595c cubeban-11-ol _ _ 0.85 
1616 1602c,d Ledol _ _ 0.61 
1618 1600c Guaiol _ 1.87 _ 
1632 1631c (E)-sesquilavandulol _ 0.90 _ 
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Table 2 Continued..     
1635 1607c 5-epi-7-epi-α-eudesmol _ _ 0.35 
1638 1625-1630a-c 1-epi-cubenol _ _ 0.69 
1645 1639c allo-aromadendrene epoxide _ 1.74 _ 
1650 1639c carophylla-4(12),8(13)-dien-5β-ol 2.56 _ _ 
1654 1640-1643a-d epi-α-muurolol _ _ 0.17 
1657 1645c Cubenol _ _ 0.13 
1654 1649-1654a,b,h α-cadinol _ 0.58 1.42 
1667 1649c,d β-eusdemol 2.34 _ _ 
1683 1674c (Z)-α-santalol _ 1.07 _ 
1697 1685c germacra-4(15),5,10(14)-trien-1-α-ol _ 0.53 _ 
1752 1740c mint sulfide _ 4.15 _ 
  Carboxylic acid    
1977 1968b n-hexadecanoid acid _ 3.31 _ 
  Oxygenated hydrocarbons 58.27 15.05 10.39 
  Hydrogenated hydrocarbons _ _ 0.61 
  Oxygenated monoterpenes 11.26 5.65 18.87 
  Hydrogenated sesquiterpenes 8.25 42.38 36.85 
  Oxygenated sesquiterpenes 10.42 21.59 26.23 
  Carboxylic acid _ 3,31 _ 
  Total 88.20 87.98 92.95 
aKI= Kovats indices.  
bKI = Kovats indices of literature. a) [16], b) [19], c) [20], d) NIST08= database, e) [21], f) [22],  
g) [23], h [24]. 
cCompounds listed in order of elution from a VF-5ms column. 
Rc= Renealmia chrysotricha, Rb= R. breviscapa, Rn= R. nicolaioides.  

 
Twelve and 26 components were detected in the rhizome essential oils of R. breviscapa and R. 

nicolaioides, respectively, with β-caryophyllene being the major constituent of both (Table 1). 
Among the 20 components identified in the essential oil of leaves of R. chrysotricha, cis-3-

hexenol was the most prominent compound (Table 2). In the leaves of R. breviscapa, 23 compounds 
were identified, with β-caryophyllene being the major constituent, as was also found for R. alpinia 
[16]. 

The essential oil of R. nicolaioides revealed 42 constituents, with (E)-nerolidol being 
predominant (Table 2). Studies have shown that the sesquiterpene (E)-nerolidol causes bacteria to be 
more susceptible to antibiotics [36] and inhibits growth of species of Leishmania [39]. 

The major constituents of the leaf oils of the studied species differed from those previously 
reported for R. alpinia, R. floribunda and R. thyrsoidea [15-17].  

 
3.2. Anti-Candida Activity  

 
The antimicrobial activities of the essential oils studied in this work were evaluated by exposing 

the yeasts C. albicans, C. buinensis and C. tropicalis to 1000 µg/mL essential oil, as shown in Figure 
1.  

The results show that all tested oils, whether from rhizomes or leaves, failed to inhibit the growth 
of C. albicans cells (Figure 1A). A similar result was found for essential oils from the rhizome, leaf 
blade and leaf sheath of Aframomum spectrum [5]. 

The oil from leaves of R. chrysotricha exhibited greater activity, inhibiting 56% of the growth of 
C. buinensis at 1000 µg/mL (Figure 1B), whereas leaf oil from R. nicolaioides exhibited an effect on 
C. tropicalis, also at 1000 µg/mL (Figure 1C). Similar results were reported for essential oil from the 
rhizome of Curcuma longa L. (Zingiberaceae) against C. tropicalis [6]. 

Oxygenated compounds were the major constituents of essential oils from leaves (91,3% and 
59.7%, respectively) and rhizomes (96.15% and 62.2%, respectively), of R. chrysotricha and R. 
nicolaioides, whereas in R. breviscapa hydrogenated compounds were found in greater amounts in 
rhizomes (80.33%), and in the same proportion of oxygenated compounds in leaves (48.17%).Some 
studies have shown that oxygenated compounds exhibit higher antimicrobial activity than 
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hydrogenated compounds because of their ability to promote the formation of hydrogen bonds and the 
solubility of the oil in water [40,41], which corroborate our results. 

 

 
Figure 1. Activity of the essential oils of rhizomes and leaves at a concentration of 1000 μg/mL  for: 
A. Candida albicans. B. Candida buinensis. C. Candida tropicalis. Rb = Renealmia breviscapa, Rc = 
Renealmia chrysotricha and Rn = Renealmia nicolaioides. 

 
In our study, essentials oils of R. breviscapa exhibited a greater percentage of β-caryophyllene 

and α-caryophyllene in rhizomes (71.94%) and no activity against Candida albicans, which is in 
disagreement with the findings of Sabulal et al. [4], who observed caryophyllene-rich rhizome oil (oil 
dilution - 1:2 in DMSO), which showed significant activity against this yeast. 

The rhizome oil of R. chrysotricha exhibited slight fungicidal activity, but marked antiparasitic 
activity. Similar results were recorded after treatment with rhizome oil of Aframomum sceptrum K. 
Schum. (Zingiberaceae), for which the minimum inhibitory concentration (MIC) was 0.625 µg/mL 
against Candida albicans (the reference drug exhibited MIC = 0.064 µg/mL), and the minimum lethal 
concentration (MLC) was 1.51 µg/mL against Trypanosoma brucei (the reference drug exhibited MLC 
= 7.4 µg/mL) [7].  

 
3.3. Antiparasitic Activity  

 
The essential oil from the rhizome of R. chrysotricha, at 25 µg/mL, reduced the number of 

parasites by 50% and 61%, after 24 and 48 h, respectively. Treatment with 100 µg/mL reduced the 
population of parasites by 56% after 24 h, with all parasites being eliminated within 48 h (Figure 2A). 
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The leaf essential oil of R. chrysotricha was found to reduce the population of parasites by 28-
59% in concentrations of 25, 100, 400 and 800 µg/mL, after 24 h; and by 26-53% in concentrations of 
25, 100 and 400 µg/mL, with total death of the parasites at 800 µg/mL, after 48 h (Figure 2B). 

 

 
Figure 2. Antiparasitic activity of essential oils of Renealmia chrysotricha at the concentrations of 25, 
100, 400 and 800 μg/mL after 24 and 48 h. A- rhizome. B- leaves. 

 
Our results using essential oils clearly show their potential lethality and ability to alter the 

morphology of T. cruzi epimastigotes. Both light and transmission electron microscopy revealed that 
untreated epimastigotes had a typical elongate shape, one flagellum and no visible alterations (Figure 
3A and 4A). However, in the presence of essential oils from leaves (100 µg/mL) and rhizomes (25 
µg/mL) for 48 h, the epimastigotes exhibited a rounded body, changes to flagellum morphology 
(Figure 3B and 3C), cytoplasmic vacuolization and mitochondrial swelling (Fig. 4B and 4C). 

 

 
Figure 3. Trypanosoma cruzi cells incubated for 48 h, visualized by light microscopy. A. Control. B. 
Treatment – leaf essential oil of Renealmia chrysotricha 100 μg/mL. C. Treatment - rhizome essential 
oil of R. chrysotricha 25 μg/mL. Bars = 20 μm 
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Figure 4. Trypanosoma cruzi cells incubated for 48 h, and visualized by transmission electron 
microscopy. A. Non-treated parasites showing typical morphology. B and C. Parasites treated with 
Renealmia chrysotricha essential oil. B. 100 μg/mL leaf essential oil. C. 25 μg/mL rhizome essential 
oil. Kinetoplast (K), flagelar pocket (FP), nucleus (N) and mitochondria (arrows). 

 
The remarkable anti-Trypanosoma cruzi activity of the essential oil from the rhizome of R. 

chrysotricha may be related to the presence of the labdane diterpenoid coronarin E, as one of the 
major components of that oil. Some studies have demonstrated potent activity by labdane diterpenoids 
against T. cruzi [42,43]. 

Changes to the morphology of species of Trypanosoma have been reported in other works after 
incubation of the parasite, whether in the presence of essential oil from species of Lamiaceae and 
Fabaceae [44,45]. Changes in ultrastructure were observed when the control was compared to 
treatments, similar to the results reported by Menna-Barreto et al. [45], suggesting that T. cruzi was 
undergoing an autophagic pathway [46]. 

In the present study, the oils tested against T. cruzi epimastigotes decreased the amount of 
parasites by 50% at 25 µg/mL, as reported for essential oils from Hedychium coronarium J. Koenig 
(Zingiberaceae) against the procyclic form of Trypanosoma brucei [8]. 

Essential oils from leaves were found to contain more substances than rhizome oils, probably due 
to the greater exposure of leaves to seasonal and climatic variation. The yield, recovery and quality of 
essential oil are influenced by photosynthesis, photoperiodic modulation, seasonal and climate 
variation, nutritional relationships, plant growth regulators and some abiotic stresses (light, moisture, 
salinity and temperature) [47,48].  

Essential oils are composed of a variety of different compounds, with terpenes being the most 
representative. Antifungal and antiparasitic activities shown by some of the evaluated oils may be due 
to either synergism between their components or the action of predominant compounds. The most 
significant results against the Candida species studied were for the essential oil of R. chrysotricha 
leaves against C. buinenses, and for R. nicolaioides leaf oil against C. tropicalis. The significant 
activity of the rhizome oil of R. chrysotricha against T. cruzi suggests that the plant is a potential new 
source of agents to help the control of trypanosomiasis. 
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