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Background: Several studies have shown that species of the genus Hyptis, have promising antimicrobial and antifungal effects.
Objectives: Identify of chemical constituents of essential oil from leaves of Hyptis martiusii and evaluate its effect against bacterial strains
by direct and gaseous contact.

Materials and Methods: Essential oil was extracted from leaves of Hyptis martiusii Benth using hydro-distillation, and its composition
was determined using gas chromatography-mass spectrometry (GC-MS). Chemical analysis showed that there was a predominance of
sesquiterpenes. The leaf essential oil was screened for its minimal inhibitory concentration and modulatory effect of aminoglycoside by
the direct (MIC) and gaseous (MID) micro-dilution assays for various pathogenic microorganisms. The essential oil remarkably inhibited
the growth of all of the tested bacteria (MIC <512 ug/mL) except S. aureus (SA358) multidrug resistant (MRSA) by direct contact.

Results: Twenty-four compounds representing 92.13% of the essential oil of leaves were characterized; §-3-carene (6.88%),1, 8-cineole (7.01%),
trans-caryophyllene (9.21%), Cariophyllene oxide (7.47%) and bicyclogermacrene (10.61%) were found as the major components. Modulatory
aminoglycoside effect, by direct contact, was showed antagonistic relationship with antimicrobial activity. The gaseous component of the
oilinhibited the bacterial growth of all of the tested bacteria in 50% and 25% of oil concentration and demonstrated synergistic interactions
can be attributed to the constituting the oil compounds.

Conclusions: These results show that this oil influences the activity of the antibiotic and may be used as an adjuvant in the antibiotic
therapy of respiratory tract bacterial pathogens.
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1. Background

Microorganisms are responsible for a vast majority of
pathologies presented to man, and bacteria are a huge
source of pathogens as they are susceptible to genetic
modification, making them tougher to fight in most cas-
es. Some groups of bacteria, especially Escherichia coli and
Staphylococcus aureus are among the most representatives
associated with gastrointestinal tract infections and skin
diseases. According to Fagundes-Neto and Scaletsky (1). Di-
arrheal disease is a major cause of death among children
younger than 5 years in low-income populations of devel-
oping countries, and the same with the primary causative
E. coli. This is still correct for high rates of nosocomial in-
fections, being classified amongst the four most prevalent
microorganism, as well as Pseudomonas aeruginosa, as

an opportunistic microorganism. E. coli is often isolated
from urinary tract infections; the intensity of infection de-
pends on the virulence of the contaminating strain and
host susceptibility (2). S. aureus is the most common etio-
logic agent in inflammatory infections such as abscess,
myocarditis, endocarditis, pneumonia, meningitis and
bacterial arthritis (3). This bacteria is also described as a
major nosocomial agents, where several factors are asso-
ciated with their resistance in hospital settings, as well
as the presence of urinary catheter, prior antibiotic use,
use of central venous catheters, mucositis among others,
which explains the high rate of morbidity and mortal-
ity from S. aureus in intensive care units (ICUs) (4, 5). The
use of natural products as antimicrobial agents is a wide-
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spread practice and it can often yield results satisfactory,
hence its wide use (6). However, it is worth noting that
these natural products can also be sources of rich con-
centrations of toxic substances, making them harmful to
humans. Some species of lamiaceae seem to have chemi-
cals capable of inhibiting bacterial growth. This family
includes about 220 genera and over 4000 species. A small
number of papers describing the biological activities of
the species Hyptis martiusii as larvicidal and insecticidal
activities (7, 8), antimicrobial (9), genotoxic, phototoxic
and cytotoxic activity (10-12), antiproliferative (13) and
antiulcerogenic (14). However, it is known that research
has been carried out with the family lamiaceae and even
species of the genus Hyptis, where several of the show as a
promising antimicrobial and antifungal (8, 15-25).

2. Objectives

This study was carried out in order to achieve the iden-
tification of chemical constituents of essential oil from
leaves of Hyptis martiusii and evaluate its effect against
strains of E. coli and S. aureus (ATCC and clinical origin of
multidrug-resistant), B. cereus and P. aeruginosa strains
ATCC by direct and gaseous contact and modulatory ef-
fect in resistance bacterial.

3. Materials and Methods

3.1. Bacterial Material

The test microorganisms included two Gram-positive
bacteria, S. aureus ATCC 12692 and clinical isolates S. aureus
358 (SA358), and Bacillus cereus ATCC and two gram-nega-
tive bacteria, E. coli ATCC 25922 and clinical isolates E. coli
27 (EC27) and P. aeruginosa (ATCC). The bacterial strains
utilized where the clinical isolates were identified by stan-
dard procedure with the resistance profile described in
Table 1. All strains were maintained on slants with heart
infusion agar (HIA, Difco Laboratories Ltda.). Before the as-
say, the cells were grown overnight at 37°C in brain heart
infusion (BHI) broth (BHI, Difco Laboratories Ltda).

3.2. Plant Material and Isolation of Essential Oils

For the extraction of essential oils from the leaves,
plants were collected locally from Chapada do Araripe
in Crato City situated in the south of the State of Ceara,
Brazil. A voucher specimen has been deposited with the
number 4610 at Herbarium “Dardano de Andrade Lima”
of Universidade Regional do Cariri - URCA. The air-dried,
powdered and mature flowering twigs (274 g) of Hyptis
martiusii were hydro-distilled in Clevenger-type appara-
tus for 3 hours. The isolated fractions of plant parts exhib-
ited two distinct layers-an upper oily layer and the lower
aqueous layer. Both the layers were extracted with diethyl
ether, separated and the ethereal layer was dried over an-
hydrous sodium sulphate. The essential oils were stored
at 4°Cin a clean amber glass bottle until used.

3.3. Gas Chromatography-Mass Spectrometry
Analysis

Gas chromatography - mass spectrometry analysis of
the volatile oil was carried out on a GC/MS (SHIMADZU)
equipped with a QP5050A detector and DB-5HT capil-
lary column 30 m 0.25 mm i.d. film thickness 0.25 Lm.
The oven temperature was held at 60°C for 6 minutes,
programmed at 5°C/min to 270°C and then held for 10
minutes. The carrier gas was helium at a flow-rate of 1.7
mL/min (split mode). The injector and detector tem-
peratures were 270 and 290°C. The quadruple mass
spectrometer was scanned over the 30-400 amu range
at 1 scan/s with an ionizing voltage of 70 eV. Retention
indices were calculated using cochromatographed
standard hydrocarbons. The individual compounds
were identify by MS and their identity was confirmed
by comparing their retention indices relatives to C8-
C32 n-alkanes and by comparing their mass spectra
and retention times with those of authentic samples or
with data already available in the Wiley 229 library and
literature (Figure 1) (26).

Table 1. Chemical Compostion of Essential Oil From Hyptis
martiusii Benth?

Constituents Retention Time, min Compositions,% KI
&-2-carene 9.6 6.8 1002
1, 8-cineole 10.6 7.0 1031
Trans-caryophyllene 30.9 9.2 1409
Aromadendrene 31.8 2.7 1441
o-humulene 32.7 22 1455
Germacrene-D 34.0 3.8 1482
Ledene 34.5 5.4 1485
Valencen 34.8 15 1496
Torreiol 42,8 2.6 1645
a-eudesmol 43.4 37 1654
Bicyclogermacrene 35.8 10.6 1500
p- guaiene 36.0 2.4 1503
S-cadinene 36.8 31 1523
Epiglobulol 37.0 23 1564
Cariophyllene oxide 39.0 7.4 1583
Globulol 39.2 21 1585
5-guaiane 39.6 2.4 1596
Guaiol 39.8 33 1601
10-epi-c-eudesmol 415 13 1624
Terpinolene 12.9 1.6 1089
Camphor 16.3 2.6 1146
Total 84.0

2 Abbreviation: KI, Kovats retention index
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3.4. Antibacterial Test (Minimal Inhibitory Concen-
tration)

Minimal inhibitory concentration (MIC) of the essential
oil from H. martiusii was determined in a micro-dilution
assay, recommended by NCCLS M7-A6 (27). The assay was
carried out with four bacterial species: S. aureus (ATCC
6538) and E. coli (ATCC 25922) and two bacterial S. aureus
(SA358) and E. coli (EC27) clinical isolate presenting multi-
resistance for diverse antibiotics (Table 2). Brain- Heart
Infusion (BHI 3.8%) broth was used for bacterial growth
(24 hours, 35 £ 2°C). The inoculum was an overnight cul-
ture of each bacterial species in BHI broth diluted in the
same media to a final concentration of approximately 108
colony forming unit-CFU/mL (0.5 nephelometric turbid-
ity units-McFarland scale). Afterwards, the suspension
was diluted to 106 CFU/ml in 10% BHI. Hundred milliliters
of each dilution was distributed in 96-well plates plus es-
sential oil in different concentrations (1024 to 1 pg/mL),
achieving 5 x10° UFC/mL as the final concentration of the
inoculum. The essential oil of the Hyptis martiusii was dis-
solved in distilled water and dimethyl sulfoxide (DMSO)
to a concentration of 103 mg/mL. Further serial dilutions
were performed by addition of BHI broth to reach a final
concentration in the range was 1024, 512, 256, 128, 64, 32,
16, 8, 4,2 and 1 ug/mL. All experiments were performed in
triplicate, and the micro-dilution trays were incubated at
35 + 2°C for 24 hours. Antibacterial activity was detected
using a colorimetric method by adding 25 uL of resau-
zurin, staining (0.01%) aqueous solution in each well at
the end of the incubation period. The minimal inhibitory
concentration (MIC) was defined as the lowest essential
oil concentration able to inhibit the bacterial growth,
as indicated by resauzurin staining (bacterial dead cells
are not able to change the staining color when visually

observed-blue to red).

3.5. Modulation of Antibiotic Activity by Direct
Contact

The MICs were recorded as the lowest concentration for
growth inhibition. The Minimal bactericidal concentra-
tion (MBC) was determined inoculating samples from
non-growth wells on plates with BHI agar. The isolate
clinical bacteria strains EC27 and SA358 were assayed with
four different aminoglycosides with final concentrations
0f1024, 512,256,128, 64,32, 16, 8,4, 2 and 1 ug/mL. All plates
were incubated aerobically for 24 hours at 37°C. Antibac-

terial activity was detected using a colorimetric method
by adding 25 L of resauzurin, staining (0.01%) aqueous
solution in each well at the end of the incubation peri-
od. The MBCs were recorded as the lowest concentration
without growth. All antimicrobial assays were performed
twice and the results were expressed as average of the
tree repetitions. For the evaluation of the modulator ef-
fect of antibiotic resistance, MICs of the antibiotics were
determined in the presence of the essential oil solutions
(concentration 10 ug/mL) and in the presence of different
aminoglycosides (concentration 16 pg/mL) at sub-inhib-
itory concentrations. The plates were incubated for 24
hours at 37°C. Antibacterial activity was detected using a
colorimetric method by adding 25 uL of resauzurin, stain-
ing (0.01%)aqueous solution in each well at the end of the
incubation period.

3.6. Determination of Minimal Inhibitory Dose
(MID) of Essential Oil by Gaseous Contact

Antibacterial activity of the essential oil from Hyptis
martiusii was assayed using gaseous contact. An amount
of 50 ug of oil was dissolved in 50 uL of DMSO (1:1). A
twofold dilution series of this essential oil solution was
prepared: 50, 25, 12.5 and 6.25 pg of oil. Petri dishes with
nutrient agar (Difco) were inoculated with 10° CFU/mL
by the spread plate method. A volume of 100 uL of each
dilution was placed inside the upper part of Petri dish.
The plates were incubated at 37°C for 24 hours. The mini-
mal inhibitory dose (MID) was defined as the minimal
inhibitory dose per unit space required to suppress the
growth of microorganism in a closed system. The MID
values were expressed as weight per unit volume (mg/L
air), where the solution with 50 pg equals 1 mg/L air (28).
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Figure 1. Chromatogram of the Essential oil of H. martiusii

Table 2. Clinical Isolates Bacterial Antibiotic Resistance &

Bacteria Source Antibiotic Resistance
Escherichia coli EC27 surgical wound Ast, Ax, Amp, Ami, Amox, Ca, Cfc, Cf, Caz, Cip, Clo, Im, Can, Szt, Tet, Tob
Staphylococcus aureus SA358 surgical wound Oxa, Gen, Tob, Ami, Can, Neo, Para, But, Sis, Net

2 Abbreviation: Ast, aztreonam; Ax, amoxicillin; Amp, ampicillin; Ami, amikacin; Amox, amoxicillin; Ca, cefadroxil; Cfc, cefaclor; Cf, cefalotin; Caz,
ceftazidime; Cip, ciprofloxacin; Chlo, chloramphenicol; Im, imipenem; Kan, kanamycin; Szt, sulfametim; Tet, tetracyclin; Tob, tobramycin; Oxa,
oxacillin; Gen, gentamicin; Neo, neomycin; Para,paramomycin; But, butirosin; Sis, sisomicin; Net, netilmicin.
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3.7. Antibiotic Modifying Activity by Gaseous Contact

The antibiotic modifying activity of the gaseous com-
ponent was determined using the same method, but
only the solution with a total of 50 pg of oil was used.
In these plates, antibiotics disks with gentamicin, ami-
kacin and tobramycin were used to determine changes
in the inhibition zone diameter of S. aureus ATCC 12692,
S. aureus 358 (SA358), B. cereus ATCC 33018, E. coli ATCC
25922, E. coli 27 (EC27) and P. aeruginosa ATCC 15442.
Plates without the essential oil and with DMSO alone
were used as control.

3.8. Statistical Analysis

The gaseous contact results was made in triplicate and
expressed as mean + SEM. For statistical analysis, ANOVA
followed by Tukey's post hoc test, as appropriate, were
used. AP < 0.05 was considered statistically significant.

4. Results

4.1. Chemical Composition of the Essential Oil

H. martiusii is an important medicinal plant used local
community for the curing of many diseases. The volatile
oil of the mature flowering twigs of H. martiusii (EOHm)
was obtained by conventional hydro-distillation method
using a Clevenger-type apparatus and the yield of the oil
was found to be in 0.78% (w/w), based on dry weight. The
essential oil produced by this plant is a complex mixture
of terpenes, sesquiterpenes, their oxygenated deriva-
tives and other aromatic compounds. Forty one compo-
nents (Table 1) accounting for 84% of the essential oil of
H. martiusii (EOHm), retention time, relative retention
index (experimental and from literature), and percent-

age are reported were identified. The main components
identified were bicyclogermacrene (10, 60%) and bicy-
clogermacrene (9.2%), 1,8-cineole (7.0%), 5-2-careen (6.8%)
and ledene (5.4%) represented the most abundant com-
pounds as main compounds along with 21 other minor
constituents.

4.2. Antimicrobial Activity

The in vitro antimicrobial activity of the essential oil
of H. martiusii (EOHm) shows the oil were able to inhibit
bacterial growth (antibacterial effect) in E. coli, B. cereus, P.
aeruginosa and S. aureus, ATCC strains and E. coli and S. au-
reus multidrug-resistant (Table 2) was showed in Table 3.
The results of this study showed antibacterial activity to
the standard strain (ATCC) of all bacteria with MIC of 512
pg/mL except B. cereus where MIC 256 pg/mL and S. aureus
SA358 where MIC > 1024 pg/mL. The results of the MICs
were more effective against E. coli multidrug resistant
with MIC of 64 pg/mL that the ATCC2592 512 pg/mL.

4.3. Modulatory Bacterial Resistance Effect

The modulator effect with aminoglycoside antibiot-
ics (amikacin-AMI, kanamycin-KAN, neomycin-NEO and
gentamycin-GENT or tobramycin-TOBRA), was designed
to evaluate a possible interaction between the product
and the natural antibiotics in order to check the activity
synergistic or antagonistic. The modulatory activity of
aminoglycoside by direct contact was showed witch an-
tagonist effect in E. coli ATCC25922 (MIC 16 for 64 pug/mL)
and . aureus ATCC12692 (MIC16 for 128 ug/mL) in presence
of neomycin, P. aeruginosa ATCC15442 (MIC 14 for 64 g/
mlL) in presence of amikacin and S. aureus 358 in presence
of neomycin (16 for 512 pg/mL), amikacin (16 for 64pg/mL)
and kanamycin (16 for 128 ug/mL) (Table 4).

Table 3. Minimal Inhibitory Concentration Values (pg/mL) of Aminoglycosides and EOHm

Bacterial E. coli, E. coli, S. aureus, S. aureus, B. cereu, P. aeruginosa,
(EC27) (ATCC2592) (SA358) (ATCC1269) (ATCC33018) (ATCC15442)
EOHm 64 512 >1024 512 256 512
Amikacin 64 256 256 256 128 128
Neomycin 32 256 128 128 256 64
Gentamicin 16 64 64 64 256 64
Kanamycin 16 256 128 64 256 128

Table 4. Minimal Inhibitory Concentration Values (ng/mL) Combination of Aminoglycosides (MIC/8) in the Absence and Presence of

8 ug/mL of EOHm @
Bacteria AMI GENT NEO KAN
OE CONT OE CONT OE CONT OE CONT

E. coli ATCC25922 32 32 64 64 64 16 64 64
E. coli27 32 32 64 64 16 16 32 32
S. aureus ATCC12692 128 128 64 64 128 16 128 128
S.aureus 358 256 4 128 64 512 16 128 16
P. aeruginosa ATCC15442 64 16 512 512 32 32 128 128
B. cereus ATCC33018 32 32 64 64 16 16 64 64

a Abbreviations: AMI, amikacin; GENT, gentamycin; NEO, neomycin; KAN, kanamycin; O, essencial oil; CONT, negative control (aminoglycoside only).
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Table 5. Modification of the Antibiotic Activity of the Volatile Compounds of H. martiusii Essential oil by Gaseous Contact & b,c

Antibiotic N.TRA DMSO EOHm, 50% EOHm, 25% EOHm, 12% EOHm, 6%

S. aureus, ATCC12692
Control GENT 163+ 0.6 16.7+ 0.6 60.0+0.5% 60.1+£0.62 163+ 0.8 16.3+0.5
Increase, % - - 268.1 268.7 - -
Control AMI 173+ 0.6 173+ 0.6 74.2+0.02 47.0+0.52 173+0.7 173+ 0.0
Increase, % - - 328.9 171.7 - -
Control TOBRA 15+0.7 153+ 0.7 57+03% 34+0.0 2 25+032 18+0.02
Increase, % - - 280 126.7 66.7 20

P. aeruginosa, ATCC15442
Control GENT 143+0.6 14+0.0 17+0.7a 143+0.4 143+0.8 14.310.0
Increase, % - - 18.9 - - -
Control AMI 15+ 0.0 1534 0.6 24+03a 15+ 0.4 152+0.7 15+£0.5
Increase, % - - 60 - 13 -
Control TOBRA 16+ 0.0 16+0.3 18+0.0b 17£0.7 17£0.7 17+0.7
Increase, % - - 12.5 6.3 6.3 6.3

E. coli, 27
Control GENT 15+ 0.0 15+ 0.0 21+0.02 17+ 0.02 15+0.0 15+0.0
Increase, % - - 40 133 - -
Control AMI 17+0.7 16.5+ 0.3 31+£0.0° 22+0.0° 17+ 0.0 17£0.0
Increase, % - - 82.4 29.4 - -
Control TOBRA 15+0.7a 15+ 0.0 27+0.02 19+0.0 2 15+ 0.0 15+ 0.0
Increase, % - - 80 26.7 - -

B. cereus, ATCC33018
Control GENT 18103 183+ 0.0 23+0.02 18£0.0 18+0.0 18+0.0
Increase, % - - 27.8 - - -
Control AMI 18+0.0 18+0.0 32+0.0° 23+0.09 18+0.0 18+0.0
Increase, % - - 77.8 27.8 - -
Control TOBRA 14£0.0 14.5+0.7 24+0.02 19+032 18+0.02 18+£0.02
Increase, % - - 71.4 35.7 28.6 28.6

S. aureus, 358
Control GENT 22.0+0.5 22.0+0.5 26+034 24+0.0° 22.0+0.5 22.0+0.5
Increase, % - - 18.2 9.1 - -
Control AMI 25.0+0.5 25.0+0.5 35+0.5% 27+0.4° 25.0+0.5 25.0+0.5
Increase, % - - 40 8 - -
Control TOBRA 25.5+0.6 25.5+0.6 34+03° 30+0.02 25.5+0.6 25.5+0.6
Increase, % - - 333 17.6 - -

E. coli,ATCC25922
Control GENT 17.0£ 0.0 17.0£ 0.0 20+0.2% 19.2+0.2°2 17.0 £ 0.0 17.0 £ 0.0
Increase, % - - 17.6 12.9 = =
Control AMI 20.5%0.5 20.5%0.5 21+0.0 21+0.0 20.5%0.5 20.5%0.5
Increase, % - - 2.4 2.4 - -
Control TOBRA 17.0+0.0 17.0£0.0 30.0+0.4b 28+0.2% 17.0£0.0 17.0 0.0
Increase, % - - 76.5 64.7 = =

2 Abbreviations: AMI, amikacin; DMSO, dimethyl sulfoxide; GENT, gentamicin; N. TRA, no treated; EOHm, essential oil of H. martiusii; TOBRA, tobramycin.
Averages following by same letters, in the column, don't differ significantly amongst themselves (a) (n =3, P < 0.05, test of Tukey). Averages following

by different letters, in the line, differ significantly when compared with the respective control, for each microorganism (the n =3, P < 0,001 ANOVA)

and (b) (the n=3,P < 0.01ANOVA)

€ The results are expressed as Mean + SEM.
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Differently of the results presented by the antimicro-
bial activity by direct contact, the actions of volatiles
compounds present in essential oil of Hyptis martiusii
Benth w demonstrated a significant synergism front to
different bacteria. The results obtained in the antimicro-
bial assays are presented in Table 5. This results show a
broad spectrum of a remarkable activity against all test-
ed strains in presence of EOHm at 50 and 25% of concen-
trations and the diameters of growth inhibition zones
ranged from 14 to 60 mm.

Furthermore, significant reductions in bacterial growth
were obtained with S. aureus ATCC12692 increment of in-
hibition 328.9% and 171.7% for amikacin in concentration
of 50% and 25% of EOHm, respectively. Other synergistic
effects were observed against E. coli ATCC25922 with in-
crement of inhibition 76.5% and 64.7% for tobramycin in
gaseous contact of essential oil at concentration of 50%
and 25% and E. coli 27 (multiresistant) an increment of in-
hibition 82.4 and 80% for amikacin and tobramycin and
B. cereus ATCC 33018 show increment of inhibition arrived
to 77.8% when in contact with the amikacin respectively,
all in the concentration of 50%.

5. Discussion

A comparative study of the main components of the
oil with those reported earlier showed variation even
in the major chemical components reported for other
Hyptis genus (23). In the work of Ferri and collabora-
tors (29) were demonstrated chemical compositions of
the essential oils of nine populations of H. suaveolens in
fruiting stage from Brazilian Cerrado indicated the pres-
ence of 1.8-cineole (10.52%), sabinene (5.66%), limonene
(7.06%), (E)-caryophyllene (11.96%), germacrene D (6.76%),
bicyclogermacrene (11.39%), spathulenol (10.81%) and
caryophyllene oxide (4.71). Chemical composition of H.
pectinata essential oil indicated the presence of B-pinene
(6.95%), B-caryophyllene (28.34%), caryophyllene oxide
(28%), germacrene-D (3.07%) (30). The analysis of the es-
sential oil Hyptis ovalifolia by GC/MS has enabled the
identification of the following compounds: a-copaene
(0.84%), p-bourbonene (1.58%), (Z)-caryophyllene (0.74%),
y-elemene (4.38%),a-humulene (1.05%),y-cadinene (6.60%),
viridiflorol (6.08%), caryophyllene oxide (4.98%) and
a-cadinol (0.74%), among other minor constituents (25).
In the diverse Hyptis species the presence caryophyllene,
caryophyllene oxide are communes compounds but ex-
ist in different concentrations. These results suggest that
geographical environmental factors influence the com-
position of the essential oil. Different studies have con-
cluded that whole essential oils possess greater antibac-
terial activity than the mixed major components which
suggests that the minor components might be critical to
such activity, due to synergistic (or antagonism) effects.
There is a current tendency not to consider MIC values
above 200 mg/mL as promising; however, we disagree,
for several reasons. Essential oil activity may be related to

many other factors, such as oil volatility, water solubility,
and general chemical complexity (31). The antimicrobial
effect shown in this work reveals an important activity
against bacteria present in several clinical diseases. The
study of Asekun et al. (17) was reported that the oil of H.
suaveolens show a significant inhibitory activity against
gram-positive (S. aureus and B. cereus) and gram-negative
(E. coli and P. aeruginosa) bacteria. The results the Nanti-
tanon etal. (23) show that the essential oil of H. suaveolens
inhibits the growth of different microorganisms, but, the
oil is less active against gram-negative bacteria, particu-
larly P. aeruginosa and E. coli, than gram-positive bacteria.
This might be due to the protection by a hydrophilic out-
er membrane of the gram-negative bacteria which could
suppress the passage of the lipophilic essential oil. Nasci-
mento et al. (24) reported the antibacterial Streptococcus
mutans activity of essential oil of H. pectinata, this activity
was reported as major compounds of caryophyllene ox-
ide (28%) and caryophyllene (28.3%) present in essential
oil. Study of Santos et al. (30) show that essential oil of
H. pectinata was most effective against Gram (+) bacteria
and yeasts. This results was attributed, particularly the
high percentage of B-caryophyllene, is a common feature
of essential oils. de Melo et al. (15) highlight many studies
which report on the antimicrobial properties of essential
oils containing a significant sesquiterpene fraction. San-
tos etal. (30) demonstrated that the essential oil of Hyptis
pectinata species also showed results with considerable
antibacterial activity, especially in Gram-positive, where
the highly pathogenic organisms such as Staphylococcus
aureus, Staphylococcus epidermidis, Bacillus subtilis and
Enterococcus faecalis were sensitive to the essential oil
obtained from leaves Hyptis genus. Combining natural
products with synthetic drugs to improve efficacy has
also been investigated for other Hyptis genus (9, 18). Few
works describe the modulatory activity aminoglycoside
for gaseous contact; most of the researches uses the di-
rect contact as form of determining the existence or not
of synergism. Rodrigues (2009) (32) it accomplished re-
search where she can observe satisfactory results when
using the essential oil of Croton zehntneri Pax et Hoffm
against bacterial lineages of S. aureus and P. aeruginosa
ATCC15442. The activity of the gentamicin, one of the
aminoglycoside also used in the research with Hyptis mar-
tiusii, it was modified. In the study the author used the
essential oil of euphorbiaceae (Croton zehntneri) where
verified an increment of antimicrobial effect against P.
aeruginosa in 42.8% in the formation of the inhibition
halo when the same was used together with the gentami-
cin. Sousa (33) was evaluated the modulatory antibacte-
rial activity of the essential oil of Lantana montevidensis
Brig. (Verbenaceae) for Staphylococcus aureus ATCC12692
and Pseudomonas aeruginosa ATCC 15442 by gaseous
contact with aminoglycoside and show that inhibition
of the growth of the both bacterial for gentamicin and
amikacin antibiotics increased the inhibition halo 102%,
demonstrating the synergistic effect of essential oil and
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antibiotics association. Different results were observed
in antimicrobial modulation activity when comparison
direct and gaseous contact, as observed in other studies
(34). This difference can explain by the spontaneous deg-
radation of unstable constituents by oxido-reduction re-
actions and rearrangement of linkage implying that they
contributed significantly to the bioactivity. Kashiwagi et
al. (35) was showed changes in 44 compounds of oil yuzu
(Citrus junos Sieb) essential oil that accrue during storage
at 25°C current of oxidative process. These study demon-
stration that Bicyclogermacrene, the main sesquiterpene
hydrocarbon of the fresh oil, practically disappeared and
convert spathulenol. Considering that caryophyllene ox-
ide and bicyclogermacrene, that are present in EOHm oil,
and spathulenol have been reported to present notable
antibacterial activity against S. aureus. The presence of
this substances in high yield in the oil obtained from the
plants collected in the spring may be related to the anti-
bacterial activity presented by that oil. This is the first re-
port of the antimicrobial activity in vitro of the essential
oil of H. martiusii against multidrug resistance bacteria
by gaseous contact. The chemical constituents represent
areal source of pharmacology, where each of the existing
molecules may have activity either alone or jointly with
others, which makes natural products potent biological
agents. It is necessary to search for yet more substance
and also by drug combinations that may respond satis-
factorily, mainly bacterial resistance.

Antimicrobial action of essential oils by direct contact
is less efficient when comparison with gaseous contact.
This increase of activity will make it possible to for-
mulate new oxygenated compounds when high vapor
concentration of essential oil were exposed at air. The
results obtained in this investigation suggested one
possible clinical use of essential oil of H. martiusii may
suppress the growth of the bacterial pathogens of respi-
ratory infection. The data obtained from this work are
promising and may stimulate further research on phy-
tochemical, toxicological and pharmacological aspects
of natural products isolated from the leaves of Hyptis
martiusii Benth. In order to support their possible use
in rational antimicrobial therapy and anti-multidrug
resistance bacterial.

Acknowledgements

The authors are thankful to CAPES, CNPq and FUNCAP
for providing financial support to this research.

Authors’ Contributions

Allan Demetrius Leite de Oliveira and Fabiola Fernandes
Galvao Rodrigue carried out the main experiment and par-
ticipated in the drafted the manuscript; Henrique Douglas
Melo Coutinho contributed in the experimental assays,
provided important comments in the paper, Irwin Rose
Alencar de Menezes and Jose Galberto Martins da Costa:
conceived of the study, and participated in its design, co-

Jundishapur ] Nat Pharm Prod. 2014;9(3):e13521

ordination, and elaboration of the final manuscript. All
authors read and approved in the final manuscript.

Funding/Support

This manuscript has been supported by CAPES, CNPq
and FUNCAP.

References

1. Fagundes-Neto U, Scaletsky IC. The gut at war: the consequences
of enteropathogenic Escherichia coli infection as a factor of diar-
rhea and malnutrition. Sao Paulo Med J. 2000;118(1):21-9.

2. Fowler JE, Jr, Stamey TA. Studies of introital colonization in wom-
en with recurrent urinary infections. VII. The role of bacterial
adherence. ] Urol. 1977;117(4):472-6.

3. Lowy FD. Staphylococcus aureus infections. N Engl | Med.
1998;339(8):520-32.

4. Burton DC, Edwards JR, Horan TC, Jernigan JA, Fridkin SK. Meth-
icillin-resistant Staphylococcus aureus central line-associated
bloodstream infections in US intensive care units, 1997-2007.
JAMA. 2009;301(7):727-36.

5. Klevens RM, Edwards JR, Tenover FC, McDonald LC, Horan T,
Gaynes R, et al. Changes in the epidemiology of methicillin-re-
sistant Staphylococcus aureus in intensive care units in US hos-
pitals, 1992-2003. Clin Infect Dis. 2006;42(3):389-91.

6. Kalemba D, Kunicka A. Antibacterial and antifungal properties of
essential oils. Curr Med Chem. 2003;10(10):813-29.

7. CostaJGM, Rodrigues FFG, Angélico EC, Silva MR, Mota ML, Santos
NKA, et al. Chemical-biological study of the essential oils of Hyp-
tis martiusii, Lippia sidoides and Syzigium aromaticum against
larvae of Aedes aegypti and Culex quinquefasciatus. Rev Bras
Farmacogn. 2005;15(4):304-9.

8. Araujo EC, Silveira ER, Lima MA, Neto MA, de Andrade IL, Lima
MA, et al. Insecticidal activity and chemical composition of
volatile oils from Hyptis martiusii Benth. | Agric Food Chem.
2003;51(13):3760-2.

9. Coutinho HD, Costa |G, Lima EO, Falcao-Silva VS, Siqueira-Junior
JP. In vitro interference of Hyptis martiusii Benth. & chlorproma-
zine against an aminoglycoside-resistant Escherichia coli. Indian
J Med Res.2009;129(5):566-8.

10.  Coutinho HD, Costa ]G, Lima EO, Siqueira-Junior JP. In vitro pho-
totoxic activity of Eugenia jambolana L. and Hyptis martiusii
Benth. ] Photochem Photobiol B.2009;96(1):63-5.

1. da Araujo EC, Lima MA, Montenegro RC, Nogueira M, Costa-
Lotufo LV, Pessoa C, et al. Cytotoxic abietane diterpenes from
Hyptis martiusii Benth. Z Naturforsch C. 2006;61(3-4):177-83.

12.  Cavalcanti BC, Moura D], Rosa RM, Moraes MO, Araujo EC, Lima
MA, et al. Genotoxic effects of tanshinones from Hyptis martiusii
in V79 cell line. Food Chem Toxicol. 2008;46(1):388-92.

13. Costa-Lotufo LV, Araujo EC, Lima MA, Moraes ME, Pessoa C, Silviera
ER, et al. Antiproliferative effects of abietane diterpenoids isolated
from Hyptis martiusii Benth (Labiatae). Pharmazie.2004;59(1):78-9.

14. Caldas GF, do Amaral Costa IM, da Silva JB, da Nobrega RF, Ro-
drigues FF, da Costa ]G, et al. Antiulcerogenic activity of the es-
sential oil of Hyptis martiusii Benth. (Lamiaceae). ] Ethnopharma-
col. 2011;137(1):886-92.

15. de Melo LM, Vieira RH, Hofer E, Batista AL, Almeida D. [Cholera in
Rio Grande do Norte State--Brazil: sorology and sensitivity of Vib-
rio cholerae to different antimicrobials]. Acta Cir Bras. 2005;20
Suppl 1:8-11.

16.  Souza LK, de Oliveira CM, Ferri PH, de Oliveira Junior JG, de Souza
Junior AH, Fernandes Ode F, et al. Antimicrobial activity of Hyp-
tis ovalifolia towards dermatophytes. Mem Inst Oswaldo Cruz.
2003;98(7):963-5.

17.  Asekun OT, Ekundayo O, Adeniyi BA. Antimicrobial activ-
ity of the essential oil of Hyptis suaveolens leaves. Fitoterapia.
1999;70(4):440-2.

18.  Coutinho HDM, Costa JGM, Siqueira-Janior JP, Lima EO. In vitro
anti-staphylococcal activity of Hyptis martiusii Benth against
methicillin-resistant Staphylococcus aureus: MRSA strains. Rev
Bras Farmacogn. 2008;18:670-5.



de Oliveira ADL et al.

19.

20.

21

22.

23.

24.

25.

26.

27.

Iwu MM, Ezeugwu CO, Okunji CO, Sanson DR, Tempesta MS. An-
timicrobial activity and terpenoids of the essential oil of Hyptis
suaveolens. Pharm Biol. 1990;28(1):73-6.

Malele RS, Mutayabarwa CK, Mwangi JW, Thoithi GN, Lopez AG,
Lucini EI, et al. Essential oil of Hyptis suaveolens (L.) Poit. from
Tanzania: Composition and antifungal activity. | Essent Oil Res.
2003;15(6):438-40.

Moreira AC, de Oliveira Lima E, Wanderley PA, Carmo ES, de Souza
EL. Chemical composition and antifungal activity of Hyptis Sua-
veolens (L.) Poit leaves essential oil against Aspergillus species.
Braz | Microbiol. 2010;41(1):28-33.

Oliva MM, Demo MS, Lopez AG, Lopez ML, Zygadlo JA. Antimicro-
bial activity and composition of Hyptis mutabilis essential oil. |
Herbs Spices Med Plants. 2006;11(4):57-63.

Nantitanon W, Chowwanapoonpohn S, Okonogi S. Antioxidant
and antimicrobial activities of Hyptis suaveolens essential oil.
Sci Pharm. 2007;75(1):35.

Nascimento PF, Alviano WS, Nascimento AL, Santos PO, Arrigoni-
Blank MF, de Jesus RA, et al. Hyptis pectinata essential oil: chemi-
cal composition and anti-Streptococcus mutans activity. Oral Dis.
2008;14(6):485-9.

Oliveira C, Silva MdRR, Kato L, Silva CCd, Ferreira HD, Souza LKH.
Chemical composition and antifungal activity of the essen-
tial oil of Hyptis ovalifolia Benth (Lamiaceae). ] Braz Chem Soc.
2004;15(5):756-9.

Adams RP. Identification of Essential Oil Components by Gas Chro-
matography/Quadrupole Mass Spectroscopy.Pennsylvania State
University: Allured Pub Corporation; 2001.

Clinical and Laboratory Standards Institute. Methods for Dilution
Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically.

28.

29.

30.

31

32.

33.

34.

35.

Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria
That Grow Aerobically. 8th ed. CLSI; 2008.

Inouye S, Takizawa T, Yamaguchi H. Antibacterial activity of
essential oils and their major constituents against respira-
tory tract pathogens by gaseous contact. ] Antimicrob Chemother.
2001;47(5):565-73.

Azevedo NR, Campos IFP, Ferreira HD, Portes TA, Seraphin JC, Re-
alino de Paula J, et al. Essential oil chemotypes in Hyptis suaveo-
lens from Brazilian Cerrado. Biochem Syst Ecol. 2002;30(3):205-16.
Santos PO, Costa Md]C, Alves JAB, Nascimento PFC, de Melo DLFM,
Barbosa Jr AM, et al. Chemical composition and antimicrobial ac-
tivity of the essential oil of Hyptis pectinata (1.) Poit. Quim Nova.
2008;31(7):1648-52.

Viljoen AM, Subramoney S, van Vuuren SF, Baser KH, Demirci B.
The composition, geographical variation and antimicrobial ac-
tivity of Lippia javanica (Verbenaceae) leaf essential oils. ] Ethno-
pharmacol. 2005;96(1-2):271-7.

Rodrigues FF, Costa ]G, Coutinho HD. Synergy effects of the an-
tibiotics gentamicin and the essential oil of Croton zehntneri.
Phytomedicine. 2009;16(11):1052-5.

de Sousa EO, Rodrigues FF, Campos AR, Lima SG, da Costa ]G.
Chemical composition and synergistic interaction between ami-
noglycosides antibiotics and essential oil of Lantana montevi-
densis Briq. Nat Prod Res. 2013;27(10):942-5.

Inouye S, Abe S, Yamaguchi H, Asakura M. Comparative study of
antimicrobial and cytotoxic effects of selected essential oils by
gaseous and solution contacts. Int ] Aromather. 2003;13(1):33-41.
Kashiwagi T, Thi LPN, Sawamura M. Compositional changes in
Yuzu (Citrus junos) steam-distilled oil and effects of antioxidants
on oil quality during storage. Food Sci Technol Res. 2010;16(1):51-8.

Jundishapur | Nat Pharm Prod. 2014;9(3):e13521



