


We believe that better understanding the impact of those aspects are of the utmost importance for the 
developing of technologies to improve the pharmacological potential of this medicinal species, focused mainly 
on its phytotherapeutic application, once this quality of essential oils are linked to their chemical constitution 
(Martins et al., 2006). The chemical composition of plants of this species, found in different localities, may 
present variations depending on the type of soil, temperature, climate and altitude (Gobbo-Neto and Lopes, 
2007; Miranda et al., 2016).  

According to Morais (2009), the metabolic activities of essential oils can be influenced by stimulus of the 
environment, in which the plant is found, leading to the synthesis of different compounds. The plant under 
study in this work is the H. dilatata Benth species, belonging to the Lamiaceae family. Essential oil research 
involves the seasonal period (dry and rainy) to evaluate the presence and/or qualitative changes of the 
chemical compounds of the essential oils, in each period and time (morning, afternoon and night). 
The interest in this plant resulted from being of mountainous area, collected in Tepequém Mountains in 
Amajari municipality in Roraima state, Brazil. The collection occurred in the dry period and in the rainy period.  
In this work, we evaluated samples collected in different seasonal periods and correlated them to the chemical 
compounds of their essential oils. We tested their antimicrobial, fungicide, insecticide activities and inhibiting 
of the enzyme acetylcholinesterase, as well as antioxidant and toxic activity against Artemia salina. 

2. Material and Methods 
2.1 Botanical Identification and essential oil extraction 

The plant material of H. dilatata was collected in August 2014, in Paiva village, on the margin of RR 203, in 
Tepequém Mountains, Amajari municipality, Roraima, Brazil. The mountain location where H. dilatata leaves 
were collected is at 634 m (meters above sea level). The voucher specimen was deposited in the INPA 
herbarium with registration number 263,670. The other voucher specimen sample was deposited in the 
integrated museum of Roraima, MIR 12754. Authorization for collection is SISBIO 44983-2. The extraction of 
the essential oil from the fresh leaves collected in the morning, afternoon and night hours were realized in 
triplicate and were coupled to the Clevenger apparatus, initiating the extraction of the volatile oil using the 
hydrodistillation method, for two hours. Table 1 shows the weight of leaves for essential oil extraction, 
collected during the rainy and dry periods. 

Table 1: weight of leaves collected in the rainy and dry periods 

 Rainy Dry 

Morning 270.15 g 575.26 g 

Afternoon 517.87 g 507.53 g 

Night 632.42 g 763.08 g 

 

2.2 CGFID analysis 

The majority of chemical constituents present in the essential oils were determined using a CGFID-HP7820A 
(Agilent). Column: HP5 30 m ×0.32 mm × 0.25 μm (Agilent). Temperature: Column: 50°C (0 minutes), 0°C 
min-1, up to 230°C. Injector: 250°C Split (1:30). Detector FID: 250°C. Vector gas: H2 at 3.0 mL min-1. Injection 
volume: 1 μL. Data acquisition software: EZChrom Elite Compact (Agilent). Samples diluted at 1% in 
chloroform.  

2.3 Antiacetylcholinesterase activity of essential oil from leaves of H. dilatata 

Quantitative evaluation of acetylcholinesterase (AChE) inhibition activity was performed according to the 
methodology of Ellman (1961), modified by Rhee et al. (2001). This bioassay was performed on microplates of 
96 wells. Eserine and galantamine (10 mg mL-1) were used as positive controls while the negative control was 
performed without inhibitor. In each well were added 25 μL of acetylcholine iodide (15 mM); 125 μL of 5.5'-
dithiobis (2-nitro benzoic acid) (DTNB); 50 μL of tris-HCl pH 8 0.1% w/v buffer of bovine serum albumin and 
25 μL of extract (10 mg mL-1) solubilized in Tween/DMSO (30:70). The tests were performed in triplicate. The 
plates were read nine times at 405 nm over a period of 10 minutes. Immediately after the first reading, 25 μL 
of acetylcholinesterase enzyme (Electrophorus electricus, Sigma Aldrich) (0.222 U mL-1) was added and nine 
readings were performed over a period of 10 minutes at 405 nm. The interference of spontaneous hydrolysis 
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of the substrate was corrected from the subtraction of the average of the absorbance measured before 
enzyme addition. The enzyme inhibition percentage was calculated from the following mathematical formula:  
 

% inhibition = [(C - A) / C × 100] 
 

where C = control containing enzyme and substrate; A = assay containing the extract, enzyme and substrate. 
The data obtained were treated using Microsoft Origin 6.1 software.  

2.4 Toxicity determinations of H. dilatata leaves essential oil on Artemia salina 

The toxicity tests on A. salina were carried out using the methodology adapted from the work of (Meyer et al. 
1982). An artificial saline solution (40g of coarse salt in 1L of distilled water) was added in an aquarium which 
was used as an incubator, adjusting the pH between 8 and 9 with a solution of sodium carbonate (Na2CO3 
10%). After hatching, 10 specimens (A. salina nauplii) were selected and exposed to the different extracts and 
essential oil within test tubes with the following concentrations: 1000; 500; 250; 125; 62.5; 31.25 and 15.62 μL 
mL-1.The tests were performed in triplicate, for each concentration. A saline solution without extract and 
another tube with DMSO were used as positive control. This system was incubated at room temperature for 
24 hours without aeration and the tubes were kept under illumination. After an incubation period of 24 hours 
they were verified and the number of live and dead larvae in each tube was counted, through macroscopic 
visualization.  

2.5 Determinations of the antimicrobial and fungicidal activity of the H. dilatata obtained from leaves. 

In order to verify the antimicrobial activity of the essential oils of leaves of H.  dilatata, pathogenic 
microorganisms such as Staphylococcus  aureus (ATCC 25923), Bacillus  cereus (ATCC 11778), Gram-
negative Salmonella  typhimurium (ATCC 13311), Citrobacter  freundii (ATCC 8090) and Yeast: Candida 
albicans (ATCC 18804) were used, in which concentrations were: 250; 125; 62.5; 31.25; 15.6; 7.8; 3,9 and 
1,95 μg mL-1 (ZACCHINO;GUPTA, 2007). 
The samples were weighed to 0.0125 mg and dissolved in 1 mL of dimethyl sulfoxide (DMSO) resulting in a 
concentration of 12.5 mg mL-1 to obtain the essential oil. Then 124 μL of this solution was added to a vial of 
eppendorf containing 2976 μL of BHI (Brain Heart Infusion) broth for bacteria and 2976 μL of Sabouraud for 
yeast. Subsequently, a pre-inoculum was prepared, in which the bacteria and yeast stored under refrigeration 
were transferred with a platinum ring to test tubes containing 3 mL BHI broth. 
The tests were performed on 96 microwells Elisa plates in triplicate. In each well was added 100 μL of the BHI 
culture medium. In well 1 were also inserted 100 μL of the working solution. The solution was homogenized 
and 100 μL were transferred to the next well consecutively. The 100 μL final were discarded for each sample, 
then 100 μL of the microorganism suspension were added to each well. Two controls were used, one to 
monitor the growth of the microorganism growth, in which there was no addition of the working solution and a 
blank, in which the bacterial inoculum was not added (to eliminate any coloring effect of the working solution). 
A control plate, containing 100 μL of BHI culture medium and 100 μL of sterile distilled water, was added to 
the experiment to control the sterility of the BHI culture medium sterility. Another control was prepared 
containing the standard antibiotics: Ampicillin (antibacterial), Miconazole and Nystatin (antifungals) to observe 
the activity of these antibiotics on microorganisms. The microplates were incubated in an oven at 37 °C and 
after 24 hours the Elisa plates were read (492 nm). The results were calculated as percent inhibition using this 
formula: 
 

% Inhibition = 100 - AC1- AC2 x 100AH-AM 
 

AC1 = Sample absorbance; AC2 = Sample control absorbance; AH = absorbance in the control of 
microorganism and AM = absorbance of the control of the culture medium. 

3. Results and discussion 

3.1 GC-FID analysis 

Analysis of GC-FID for quantification of the chemical components of the essential oil (OE) of the leaves of H. 
dilatata showed 22 constituents present in the oils extracted from the leaf, obtained in the dry and rainy 
seasons at different times (morning, afternoon and night). The major constituents are shown in Table 2. 
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Table 2: Constituents Percentages identified in essential oils of Hyptis dilatata leaves 

Peak Componds *KI *RT min DML (%)
RML(%) 
DAL(%) 

RAL(%) DNL(%) RNL(%)  

1 α-pinene 973 3.75 10.0 10.2 5.8 12.9 18.7 11.9 

2 Camphene 980 4.03 0.8 0.6 0.5 0.7 1.1 0.6 

3 Sabinene 993 4.53 0.0 0.0 0.1 0.1 0.0 0.1 

4 β-pinene 996 4.65 2.0 2.5 1.5 2.9 2.9 3.1 

5 Myrcene 1008 5.07 0.8 0.7 0.8 0.8 1.3 0.9 

6 α-felandren 1015 5.37 0.2 0.2 0.3 0.2 0.3 0.2 

7 3-carene 1019 5.52 16.2 15.1 13.6 18.6 26.5 19.9 

8 α-terpinene 1024 5.70 0.2 0.2 0.2 0.2 0.3 0.2 

9 p-cymene 1031 5.94 0.3 0.3 0.3 0.3 0.4 0.5 

10 Limonene 1033 6.04 3.5 2.6 2.8 2.9 4.9 3.2 

11 g-terpinene 1058 6.96 0.5 0.4 0.5 0.4 0.7 0.5 

12 Fenchone 1083 7.90 43.0 33.7 36.3 29.6 27.0 30.8 

13 Mentenol 1110 8.95 0.6 0.6 0.4 0.8 0.5 0.7 

14 Camphor 1133 9.80 3.1 2.6 3.0 2.1 1.7 2.1 

15 Fenchol 1170 11.20 0.7 1.1 1.4 1.0 0.7 1.2 

16 Terpinen-4-ol 1190 11.96 0.7 1.0 1.0 1.1 0.7 0.9 

17 α-terpineol 1212 12.77 0.1 0.1 0.2 0.0 0.0 0.0 

18 β-caryophyllene 1413 20.39 4.6 6.1 9.1 5.8 4.5 4.2 

19 Aromadendrene 1432 21.10 0.2 0.3 0.3 0.2 0.2 0.2 

20 Humulene 1447 21.66 0.4 0.6 0.7 0.6 0.4 0.4 

21 D-germacrene 1491 23.31 0.1 0.1 0.3 0.1 0.1 0.1 

22 
Caryophyllene 
Oxide 1574 26.47 1.1 1.7 1.7 1.6 0.6 1.3 

 Total identified   89.1 79 80.8 82.9 76.5 73 

 Others   10.9 21 19.2 17.1 23.5 27 

*DML - Dry morning leaves; RML- Rainy morning leaves; DAL- Dry afternoon leaves; RAL- Rainy afternoon leaves; DNL- 
Dry night leaves; RNL- Rainy night leaves. *KI= Kovats index; *RT= Retention time. 

Among the constituents found in the chemical characterization of the essential oils of the leaves of H. dilatata, 
the major compounds were: fenchone, 3-carene, α-pinene, β-caryophyllene, Limonene, β-pinene and 
camphor. Fenchone (1,3,3-trimethylbicyclo-[2,2,1]-heptan-2-one) was the chemical constituent with the 
highest concentration (43%) in the essential oils of the leaves collected in the morning at the dry period. The 
second chemical constituent with the highest concentration found in the essential oil of the leaf collected in the 
dry period at night was 3-carene (26.5%).  
The chemical composition of the H.  dilatata essential oils was mainly monoterpenes and sesquiterpenes. 
According to Rocha (2013), the environmental conditions can cause significant variations in the composition of 
plant oils. Comparing the constituents of the H.  dilatata essential oil of the leaves collected in Tepequém 
Mountains in Roraima state with the same type of oil collected in Arauca, Colombia, by Tafurt-Garcia et al. 
(2014), it was observed that some constituents have the same concentration value, but differ when comparing 
the different samples of the plant collected in Roraima. In the plants collected in Arauca, Colombia, 3-Carene 
(11%), Limonene (4.9%), β-pinene (0.7%), α-Pinene and fenchone (<0.05%) were described  (Tafurt-Garcia et 
al., 2014).  
Meanwhile, constituents of leaf essential oil collected in Tepequém Mountains in  Roraima state obtained the 
following concentrations in relation to the same constituents of the essential oils found in the leave collected in 
Colombia: 3-carene in dry period at night (26,5%), limonene in dry period at night (4.9%), β-pinene at night in 
the rainy period (3.1%), α-pinene at night and in the dry period (18.7%) and fenchone at morning in the dry 
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period (43%). Studies in Colombia with the genus of H.  dilatata, performed by Tafurt-Garcia et al. (2014), 
showed quantitative and qualitative differences in relation to the constituents in different species of plants from 
Lamiaceae family, also differentiating from the compounds found in the specimens studied in this work. 

3.2 Inhibition activity of the enzyme acetylcholinesterase (AChE) 

The inhibition  of AChE promoted by the essential oils of the leaves collected in the rainy season in the 
afternoon was approximately 99.29%, while in the dry period, the highest inhibition occurred for  the essential 
oils of the leaves collected in the dry period in the morning, 96.46%. The essential oil of H. dilatata from the 
leaves collected in the dry period on AChE showed inhibition levels of 79.9%, whereas it was lower for leaves 
collected in the rainy season (51.50%). This difference may be related to production of secondary metabolites 
in different periods. Vinutha et al. (2007) divided as: potent inhibitors - above 50%; moderate - between 30% 
and 50% and weak - below 30%. Therefore, the essential oil studied in this work presents potential inhibitory 
activity against the enzyme acetylcholinesterase. 

3.3 Artemia salina Toxicity 

In the toxicity tests performed with essential oils from H.  dilatata leaves against A.  salina, the death 
percentage nauplii was observed after 24 hours, allowing LC50 calculation, showing the toxic potential of this 
species. The lowest LC50 occurred with the essential oil extracted from the leaves collected in the morning in 
the rainy period, LC50 = 23.4 μg mL-1, degree of reliability (10.9 - 33.5), the second most toxic was oil LC50 = 
44.3 (33.0 - 57.2). Table 3 shows the LC50 values and the reliability of results for all tested oils. 

Table 3: LC50 values in the essential oils of H. dilatata against A. salina larvae in 24 hours reading 

Oils LC50 (CI 95%) Slope ± SD χ2 DF 

RML 23.4 (10.93 -37.53) 1.13 (0.19) 2.14 5 

DML 76.3 (45.16 -121.99) 1.75 (0.21) 8.17 5 

RAL 112.2 (73.85 -180.80) 1.08 (0.20) 0.26 4 

DAL 69.5 (42.34- 103.95) 1.06 (0.17) 4.75 5 

RNL 44.3 (33.08-57.20) 2.03 (0.26) 3.34 5 

DNL 126.0 (83.81-189.08) 1.08 (0.16) 1.89 5 

* RML - Rainy morning leaves; DML - Dry morning leaves; RAL- Rainy afternoon leaves; DAL - Dry afternoon Leave; RNL - 
Rainy night leaf; DNL - Dry night leave. * CI - Confidence interval; * SD - Standard deviation; * DF - Degree of freedom. 

 
According to Amarante (2011), LC50 values for mortality calculations are: low toxicity when LC50 is greater 
than 500 μg mL-1, moderate for LC50 between 100 to 500 μg mL-1 and very toxic when LC50 was lower to 100 
μg mL-1. In the negative controls, there was no mortality, and it was not necessary to apply the Abbout 
formula. The solvent used showed no interference in the results, therefore the activities presented are related 
to the samples tested. The essential oils of H. dilatata species studied in this work had toxicity to A. salina 
lower than 100 μg mL-1. 

3.4 Antimicrobial and fungicidal activity of H. dilatata oil from leaves 

The antibacterial and fungicidal potentials of the essential oils from H.  dilatata were evaluated on Gram-
positive bacteria: Staphylococcus  aureus, Bacillus  cereus and Gram-negative: Salmonella  typhimurium, 
Citrobacter freundii and Yeast: Candida albicans. The inhibition values of leaf essential oils collected in the dry 
period, in the afternoon hour, showed, for bacteria, that the lowest IC50 value the best inhibition towards the 
Gram positive bacterium B. cereus  (IC50 = 112.8 μg mL-1). Regarding the essential oils of the leaf collected 
during the rainy season, only Gram-positive bacteria were inhibited. The lowest inhibition occurred with leaf oil 
collected in the morning IC50 = 78.8 μg mL-1 against S.  aureus bacteria. The control used in the bacterial 
assays was to penicillin IC50<1.95 μg mL-1. The percentage of inhibition ranged from the highest concentration 
of 250 μg mL-1 (94.0%) to the lowest concentration 1.95 μg mL-1 (92.8%). 
In the case of biological assays with the bacteria in this study, the essential oils of the leaves on the Gram-
positive bacteria were more effective. Vaara (1992) explains that Gram negative bacteria show resistance to 
several types of antibiotics. This is due to an outer membrane that surrounds the cell wall, difficulting the 
transport of hydrophobic substances. The Carnosic acid already studied in species H. dilatata as reported by 
Urones et al. (1998) and Oluwatuyi et al. (2004) has activity against strains of S.  aureus, which are quite 
resistant. 
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4. Conclusions 
Considering the potential of the essential oil extracted from the leaves, at different seasons, one can conclude 
that of the 22 chemical constituents identified in the chemical characterization of the essential oils of the 
leaves of H. dilatata, in different climatic periods such as dry and rainy, the majority were: fenchone, 3-carene, 
α-pinene, β-caryophyllene, limonene, β-pinene and camphor. There was no difference in the type of 
constituents in the dry and rainy periods, only in relation to the percentage of their concentration. The results 
of biological activities with the acetylcholinesterase enzyme, bacterial assays, fungicides and cytotoxicity 
indicate that they may be related to the action of the chemical constituents presented in the chemical 
characterization of the essential oils collected in the dry and rainy periods at different times, in varying 
concentrations of the chemical compounds present. 
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