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a  b  s  t  r  a  c  t

Lippia  origanoides  H.B.K.  (Verbenaceae)  is  a medicinal  plant  used  in traditional  medical  practices  for
treatment  of  respiratory  and  gastrointestinal  diseases.  Based  on  previous  reports  regarding  cardiovascu-
lar effects  induced  by  L.  origanoides,  this  work  aims  to develop  a standardized  extract  from  L.  origanoides
aerial  parts  (Lo-HAE)  and  evaluate  its  hypotensive  effect  on  mean  arterial  pressure  in rats.  Eight  extrac-
tion  systems  were  prepared  by  varying  the ethanol/water  ratio,  sonication  and  time  of  extraction.  The
chromatographic  profile  and  the determination  of  the  flavonoid  naringenin  were  performed  by Ultra-
fast  Liquid  Chromatography  (UFLC)  with  UV  detection  at 290 nm.  The  extraction  method  for  Lo-HAE  was
standardized  considering  the best  extraction  yield  under  1:1  (v/v)  ethanol/water  ratio.  Naringenin  is  the
major  compound  of  Lo-HAE,  and then  it was  confirmed  as  the  promising  biomarker  for  Lo-HAE  control
assessment.  For  pharmacological  studies,  the  acute  oral  toxicological  assessment  of Lo-HAE  in female
Wistar  rats  was  performed.  The  Lo-HAE-induced  hypotensive  effect  was  evaluated  by  direct  measure
of  pulse  pressure  after  intravenous  administration  (12.5,  25  and 50 mg/kg),  as  well  as  indirect  measure

of blood  pressure  after  oral administration  (100  mg/kg  and  200  mg/kg)  in female  Wistar  rats.  A marked
decrease  of  mean  arterial  pressure  was observed  for  Lo-HAE  after  both  administration  routes.  In addi-
tion,  no  sign  of  either  clinical  or behavioral  alterations  was  observed,  as well  as on  the  rats’  body  weight.
The  Lo-HAE  demonstrates  safe  pharmacological  potential  for development  of  herbal  medicines  in the
treatment  of hypertension.

© 2015  Elsevier  B.V.  All  rights  reserved.
. Introduction
According to the World Health Organization (WHO), cardio-
ascular diseases cause 17 million deaths per year, 9.4 million
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correlated with hypertension. This pathology is responsible for 45%
of deaths in heart diseases and 51% of death cases in cerebrovas-
cular diseases. The prevalence of hypertension in America is 35%
and in Brazil it is the number one cause of death. The Brazilian
Health Ministry, through National Policy of Medicinal Plants and
Phytotherapics, improved the financial sources for discovery of new
active compounds in medicinal plants to decrease the number of
cases of hypertension in the country (Brazil, 2006).

The Lippia origanoides H.B.K. is a honey plant from the Verbe-
naceae family which is native to Central America and northwestern
South America. The term “origanoides” is attributed from the char-
acteristic oregano-similar aroma, and this species is used as a

condiment or as a medicinal plant in the treatment of respira-
tory and gastrointestinal diseases, as well as a natural antiseptic.
Several species from Lippia genus are able to induce a hypotensive
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ffect as well as being applied in traditional medical practices for
he treatment of hypertension (Guerrero et al., 2002; Pascual et al.,
001).

The L. origanoides is also considered a promising source of bioac-
ive substances. The medicinal potential of this species can be
ssigned to different groups of substances, especially due to its high
oncentration and variety of flavonoids. The flavanones naringenin
nd pinocembrin and the flavones quercetin and luteolin have been
ttributed to be the lead compounds which are responsible for the
edicinal characteristics of this species (Stashenko et al., 2013).
oreover, naringenin has been reported as the major compound

f a best antimicrobial fraction from L. origanoides ethanol extract
Barreto et al., 2014).

In this sense, the chromatographic profile and quantitative
nalysis of biomarkers is required for the production of herbal
edicines from vegetable raw materials. Then, extraction sys-

ems can be effectively optimized by techniques that involve some
nderlying factors which have influence in the characteristics of
lant extracts, such as: particle size, the solvent polarity of the
edium acidity, agitation system, extraction method, temperature

nd contact time (Migliato, 2011).
Then, the present study aims to optimize the conditions for

btention of standardized extracts from aerial parts of L. orig-
noides, as well as to investigate the hypotensive effect on blood
ressure and the toxicological profile, focusing on its industrial
pplication as a promising antihypertensive herbal drug.

. Material and methods

.1. Drugs and reagents

The 99.5% ethanol (Isofar, Brazil) and ultrapure water (Milli-Q®)
ere used for the extraction from raw materials and for analyzes.
aringenin was purchased from Sigma–Aldrich (C15H12O15, 95.0%).
ethanol (HPLC Grade, Synth, SP, Brazil) and acetic acid (CH3COOH,
PLC Grade, Vetec, Brazil) were used in analyzes by Ultra-fast Liq-
id Chromatography (UFLC).

.2. Botanical material

The aerial parts of L. origanoides H.B.K. were collected in José de
reitas, Piauí, Brazil, in 2013. The determination of the species was
ealized at the Herbarium Graziela Barroso from Federal University
f Piauí. The voucher specimen was deposited under no. TEPB 9.205.

.3. Optimization of the extraction process

The efficiency of the extraction process was evaluated by 23 fac-
orial design where three parameters were analyzed, as follows: (1)
olvent (ethanol or ethanol /water (1:1)); (2) sonication (present or
bsent); and (3) solvent exchange (daily during three days or every
hree days, totaling nine days). Eight different extraction systems
ere prepared in triplicate. The plant material (aerial parts) was
reviously dried at room temperature and triturated in a Wiley
ill (Model MA  680 series and 98 in 2422, Marconi’s, Brazil). There-

fter, 5 g of powder was added to 40 mL  of solvent. For sonication,
 Cleanner Thornton T1425 ultrasound device (Marconi’s, Brazil)
as used.

Samples of 10 mL  of extracts obtained from each system were
eparately transferred to identified and weighed flasks, and then
ubjected to drying. Afterwards, the flasks were kept at 105 ◦C for
 h. After drying, the samples were cooled in a desiccator and then
eighed. The weighing was repeated after 30 min  to check for con-

istency in the results. The masses of the residues obtained were
sed as a parameter for analysis and expressed in mg  mL−1.
d Products 78 (2015) 124–130 125

2.4. Preparation of standardized hydroalcoholic extract (Lo-HAE)

The extraction conditions which provided the highest yields
in solid residue were replicated in order to obtain standardized
extracts to be used in future analysis. The aerial parts from L. orig-
anoides were submitted to maceration in ethanol/water (1:1) for
three days, followed by filtration and daily renewal of the solvent.
The L. origanoides hydroalcoholic extract (Lo-HAE) was  submitted
to Laborota 400 rotary evaporator (Heidolph, Germany) coupled to
a Kohlbach vacuum pump for recovery of ethanol (60 ◦C, cooling to
11 ◦C under a pressure of 600 mmHg). The Lo-HAE was dried in a
lyophilizer coupled to a high vacuum pump (Edwards Micromod-
ulyo freeze dryer/ValPump Savant VLP80).

2.5. Identification and quantification of Naringenin in Lo-HAE by
UFLC

For the best wavelength for analysis of naringenin content in
Lo-HAE, UV scanning was  conducted for Lo-HAE (0.12 mg mL−1)
and naringenin (0.03 mg  mL−1). These assays were made in ethano-
lic solutions at the wavelengths range of 200–800 nm by using a
double beam spectrophotometer (Lambda 25 UV/vis; PerkinElmer,
MA,  USA). After detection of the maximum absorption wavelength
at 290 nm,  Lo-HAE and naringenin were submitted to Ultra-Fast
Liquid Chromatography (UFLC) (Shimadzu Prominence, Japan),
provided with DGU-20A3 degasser and a binary pump Shimadzu
LC-20AD coupled to a UV-PDA detector. The column C18 Shim-
pack XR-ODS (2 mm  × 30 mm)  was used, and the mobile phase
consisted of a mixture of methanol:acidified water (0.1% CH3COOH)
at a flow rate of 0.25 mL  min−1, with an increasing methanol gra-
dient, as follows: 2% methanol at 0–2 min; 10% methanol at 5 min;
20% methanol at 7 min  and 100% methanol at 30–35 min. The detec-
tion wavelength was  selected at 290 nm and the injection volume
was 5.0 �l.

Before the chromatographic analyses by UFLC, the Lo-HAE was
submitted to a clean-up by a solid phase extraction (SPE) cartridge
(Chromabond®, C18ec). The cartridge was  activated with MeOH,
Lo-HAE (30 mg)  was solubilized in 500 �L of mobile phase, and
subsequently submitted to SPE with methanol. After exhaustive
extraction, the methanol eluate was filtered (nylon filter, 0.2 �m,
Titan3) and then dried in a rotary evaporator.

For the determination of naringenin content in Lo-HAE, Lo-HAE
after the clean-up procedure (6.6 mg  mL−1/MeOH) or naringenin
(0.5 mg  mL−1/MeOH) were injected into UFLC. In another set of
experiments, the co-injection of Lo-HAE and naringenin (1:1) or
Lo-HAE and the equal volume of methanol were performed. An ana-
lytical curve from six different concentrations of naringenin (1.56,
2.08, 3.12, 3.64, 4.16 and 4.68 mg  L−1) and Lo-HAE at concentration
of 49.5 mg  L−1 were prepared and analyzed by UFLC in triplicate in
order to determine naringenin content in Lo-HAE. The signal area
related to the naringenin in the Lo-HAE solutions was calculated
and the straight-line equation was determined.

2.6. Evaluation of Lo-HAE-induced hypotensive effect in rats

2.6.1. Animals
Female Wistar rats (230 ± 30 g, 3 months-old) were kept in cages

and separated by experimental group. The temperature of the ani-
mal  houses was  maintained at 24 ± 2 ◦C under light–dark cycles of
12/12 h. Water and food were given ad libitum. After experiments,

euthanasia was  performed by intraperitoneally administration of
sodium thiopental (100 mg/kg). This procedure is in accordance
with Resolution no. 1000/2012 from the Federal Council of Veteri-
nary Medicine from Brazil. This study was approved by the Ethics
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Fig. 1. Optimization of Lippia origanoides H.B.K. extraction by factorial design: n-
SHA3 and n-SHA9: non-sonicated hydroalcoholic extract with 3 or 9 days extraction;
SHA3 and SHA9—sonicated hydroalcoholic extract with 3 or 9 days extraction; SEE3
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nd  SEE9: sonicated ethanolic extract with 3 or 9 days extraction, n-SEE3 and n-
EE9:  non-sonicated ethanolic extract with 3 or 9 days extraction). ANOVA one-way
ollowed by Tukey post-test. *p < 0.0001 vs SEE3, n-SEE3, SEE9 and n-SEE9.

ommittee for Animal Experimentation of the Federal University
f Piauí (no. 008/12).

.7. Hypotensive effect after intravenous administration of
o-HAE

This procedure was performed according to Mendes et al.
2014). Briefly, the aorta artery and cava vein from female Wis-
ar rats (n = 5) were accessed by cannulation of the femoral artery
nd vein, respectively. Polyethylene PE-10 catheters connected to
E-50 catheters were used. The arterial catheter was connected to a
re-calibrated pressure transducer (Statham P23 ID, Gould, Cleve-

and, OH, EUA) coupled to a data acquisition system (AECAD 04H,
QCAD 2.3.9, AVS Projetos, SP, Brazil). The vein catheter was used

or drug administrations. Sodium nitroprusside (10 mg/kg, i.v.) was
dministrated as positive control in order to verify the correct
atheter implantation. After recovering from anesthesia (24 h), the
ulse pressure (PP) and the heart rate (HR) was measured, and then
he mean arterial pressure (MAP) was calculated. Then, Lo-HAE was
ntravenously administered at doses of 12.5, 25 and 50 mg/kg and
t, and MAP  and HR values were obtained.

.7.1. Hypotensive effect after oral administration of Lo-HAE
The systolic blood pressure (SBP) was measured using the tail
lethysmometer ML125 NIBP (AD Instruments, Australia), which
onsists of a tail cuff coupled to a tail pressure transducer which
s connected to a data acquisition system (PowerLab, LabChart®

ig. 2. Scan spectrum from hydroalcoholic extract of Lippia origanoides (Lo-HAE)
nd solution naringenin.
d Products 78 (2015) 124–130

6.0, AD Instruments, Sydney, Australia). The procedures were per-
formed according to El-Mosallamy et al. (2012) with modifications.
Female Wistar rats were previously adapted to the restraint con-
ditions during two weeks, in order to reduce the influence of
stress induced by manipulation of the animal. Afterwards, the ani-
mals were previously conditioned at 35 ± 2 ◦C during 15 min  and
then they were treated with saline (n = 6) or Lo-HAE at doses of
100 mg/kg (n = 6) or 200 mg/kg (n = 6). Thereafter, they were placed
in the restraint device and after tail cuff inflation/deflation, the SBP
values (mmHg) were obtained for each animal after three sequen-
tial measurements, from 0 to 390 min  and at intervals of 30 min.

2.8. Acute oral toxicological evaluation

The toxicological evaluation of Lo-HAE was assessed in accor-
dance to the Acute Toxic Class Method from the Organization
for Economic Cooperation and Development (OECD), guide No.
423 (OECD, 2002a). In this experiment, female Wistar rats were
firstly divided in Control and Treated groups (n = 3/group). Control
group was orally treated with distillate water (1 mL/100 g, b.w.). In
treated group, Lo-HAE was orally administrated at the single dose
of 2000 mg/kg (1 mL/100 g, b.w.).

Afterwards, the animals were weighed daily and clinical and
behavioral parameters were evaluated according to the OECD Guid-
ance Document No. 19 (OECD, 2002b) and monitored during the
first hour, and then after 2 h, 3 h, 4 h, 8 h, 24 h and each 24 h for
14 days. The side effects were classified as follows, when applied:
(0) no effect, (−) decreased effect, (+) increased effect, (++) intense
effect and (X) death.

After the first 72 h of observation, the test was repeated as indi-
cated above with other groups of 3 animals each when the death
of 0 or 1 animal per group had occurred, according to OECD No.
423 (OECD, 2002a). On the 14th day, the animals were euthanized
and the internal organs (heart, liver, lung, spleen and kidneys) were
removed and submitted to a gross pathological evaluation (color,
texture and consistency). Then, the relative weights of organs
were obtained as follows: relative organ weight = [organ weight
(g)] × 100/[animal weight on the day of necropsy (g)].

2.9. Statistical analysis

The optimization of the extraction method was analyzed by
ANOVA with Tukey’s post-test. The results of hypotensive effect
were expressed by the difference between MAP, SBP or HR val-
ues measured before and after treatments. The results obtained
for direct measurement of MAP  were evaluated by unpaired Stu-
dent t test. For statistical significance of SBP measurements by tail
plethysmography and evaluation of weight gain in the toxicological
assessment, the Two-way ANOVA followed by Bonferroni’s post-
test were performed. In all analyzes we used the GraphPad® Prism
6.0 software to plot the graphs. The results were expressed as mean
SEM, and statistical significance was considered when p < 0.05.

3. Results and discussion

3.1. Optimization of the extraction process from L. origanoides
aerial parts

The standardization of herbal drugs can be defined as a set
of actions to ensure the chemical quality, the therapeutic effect
and the amount of active compounds of a product based on
medicinal plants and can not be considered scientifically valid if

active chemicals have not been validated and characterized by
means of analytical and bioanalytical tests, in order to ensure
the reproducibility in the production (Chouhdhary and Sekhon
2011). Minimizing these variables of the raw material of medicines
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ig. 3. UFLC chromatogram obtained from: Naringenin standard (0.5 mg mL−1

6.6  mg  mL−1)/standard (0.5 mg  mL−1) (1:1) (C) and Lo-HAE (6.6 mg  mL−1)/methano

ased on plant is the biggest challenge in the production of herbal
edicines, which is a fundamental requirement to consolidate the

arameters for quality, efficacy and safety.
The statistical analysis of the dry residue values obtained from

 different extraction systems has demonstrated the highest yields
hen the extractions were performed by hydroalcoholic solutions,

ndependently of sonication and time of extraction (Fig. 1). Accord-
ng to Migliato et al. (2011), extractive processes markedly depend
n the diffusion phenomena. The renewal of the solvent associated
ith the agitation of the system can also determine the dissolution

elocity and duration of the extraction process. Otherwise, some
omponents from the sample could be exhausted in the course of
xtraction during the preparation of plant extracts, which indicates
he yield of some processes demonstrates to be independent of time
f extraction. Likewise, Salvalaggio et al. (2015) has demonstrated
hat the extraction time has no influence in the performance of
xtraction in various plant species.

In this sense, L. origanoides seems to have a particular response
o the extractive process, due to the absence of significant dif-
erences in the efficiency of the extractive process associated
o a prolonged contact time with the solvent or the occurrence
f sonication. Furthermore, the highest yields were observed in
ydroalcoholic rather than alcoholic extraction systems which
einforce the potential for lower cost applications of L. origanoides

n obtention of standardized plant extracts. Therefore, this positive
haracteristic of this species is highlighted, probably leading efforts
owards the applicability of L. origanoides in large-scale production
and Lo-HAE (6.6 mg mL−1) (B) in methanol solution; co-injection of Lo-HAE
 (D).

of medicaments, regarding the obtention of extracts with assured
quality, less time and low-cost industrial process.

3.2. Determination of naringenin content in Lo-HAE

The UV-scanning spectrum of Lo-HAE has shown a pronounced
absorption band between 280 and 290 nm,  while naringenin has
maximum absorbance at 290 nm (Fig. 2). According to Agrawal
(1989), phenol absorptions in the ultraviolet region (UV) dis-
play two  absorption bands characteristic of flavonoids. Band II
(240–285 nm)  is related to ring A, while band I (300–550 nm)  indi-
cates absorption of ring B. Specifically, the group of flavanones,
such as naringenin, shows the absorption of band II at the region
of 275–295 nm and band I at the region of 300–330 nm. Thus, the
spectrophotometric scanning confirms the presence of flavonoids
in Lo-HAE as well as indicates the presence of naringenin in Lo-HAE,
since the spectrum region of maximal absorption of naringenin
coincides with the respective region of Lo-HAE.

The presence of naringenin in Lo-HAE could be confirmed by
their respective UFLC chromatograms, where both major signals
occur at the retention time of 18 min  (Fig. 3A and B). Then, in
order to confirm the identity of naringenin in Lo-HAE, the chro-
matogram of co-injection was obtained. Interestingly, no new
signal has shown (Fig. 3C). These results confirm the identity of

the major signal as naringenin. Furthermore, after comparison
between co-injection chromatograms of Lo-HAE/naringenin (1:1)
and Lo-HAE/MeOH (1:1), both major signals were observed at
retention time of 18 min. The major signal of co-injection chro-
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ig. 4. Effects of the standardized extract from L. origanoides on mean arterial pr
ean  ± SEM. t Student test unpaired. *p < 0.05; **p < 0.01 and ***p < 0.001 vs control

atogram of Lo-HAE/naringenin (1:1) increases approximately
.8-fold when compared with the respective signal in the co-

njection chromatogram of Lo-HAE/MeOH (1:1), while other peaks
howed similar intensity (Fig. 3D). These findings reinforce the
dentity of naringenin as the major compound of Lo-HAE.

For quantification of naringenin in the Lo-HAE, the area of the
ajor signal in the UFLC chromatogram of the Lo-HAE (49.5 mg  L−1)
as calculated. Considering the linearity observed in the analyti-

al curve which expresses the concentration of naringenin related
o the intensity of signal area (R2 = 0.99866), data obtained for sig-
al area were plotted in the following line equation: y = 42.313,
809 × −11226, 3496, and naringenin content was determinated

n Lo-HAE at concentration of 37.3 mg  g−1 (3.73 g%) of Lo-HAE. In a
revious study, the naringenin content in methanol extracts from
ifferent chemotypes of L. origanoides has been determinated, and
he highest naringenin content was 5.67 mg  g−1 of plant material
Stashenko et al., 2013), while in the present work, a naringenin
ontent of 10.92 mg  g−1 of plant material was observed. Hence, the
igher naringenin content determinated in Lo-HAE reinforces this
ompound as a promising biomarker of L. origanoides.

Therefore, from the results desmostrated we  can glimpse the
otential industrial use of products derived from the plant species
. origanoides, since the standard and optimized extraction methods
llow advantages such as shortening of the extraction time, reduced
se of solvents, increasing the extraction yield and the possibility
f controlling the quality of the extracts produced through the use
f measurable biomarkers.

.3. The Lo-HAE induces hypotensive effect in rats

The intravenous administration of Lo-HAE promoted hypoten-
ive effect by decrease of mean arterial pressure at the doses of 12.5;
5 and 50 mg/kg (�MAP  in mmHg: −10.72 ± 0.65, −10.01 ± 0.71
nd −16.34 ± 1.69, respectively) followed by a slight bradycardic
ffect (HR in bpm: −1.03 ± 0.40, 0.26 ± −2.81 and −5.43 ± 0.30,
espectively) (Fig. 4A and B). Besides, the oral administration of
o-HAE it also promoted a marked decrease of systolic blood

ressure (SBP) (Fig. 5) at the doses of 100 and 200 mg/kg. A pro-
ressive time-dependent decrease of SBP was observed at the dose
f 200 mg/kg with maximal reduction 120 min  after administra-
ion and duration of 300 min  (Control: 1.41 ± 2.45 mmHg; Lo-HAE:
 (A) and heart rate (B) after intravenous administration. Values are expressed as
.

−19.09 ± 2.54 mmHg). Likewise, Lo-HAE at dose of 100 mg/kg pro-
motes maximal hypotensive effect after 60 min of administration
of Lo-HAE followed by an increase of SBP at 90 min and return to the
maximal response at 120 min, with duration of 270 min (Control:
6.11 ± 1.19 mmHg; Lo-HAE: −19.12 ± 2.95 mmHg).

The duration of the Lo-HAE-induced hypotensive effect after
oral administration was approximately 5.0 h. Krepsky (2011)
has reported the short-term reduction for 2 h of approximately
20 mmHg  in systolic blood pressure of normotensive rats after oral
administration of Cuphea carthagenensi.  The duration of this action
is quite short, and then its potential application in hypertensive
urgencies or emergencies seems to me  more applicable. Hence,
the long-term effect such as observed after oral administration
of Lo-HAE represents an advantage in the development of herbal
medicines for chronic treatment of hypertension due to the ade-
quate posology in accordance with the appropriate design of the
formulation.

Although mechanisms underlying Lo-HAE-induced hypotensive
effect have not been elucidated, several studies have reported the
narigenin-induced vasodilator effect and the underlying mecha-
nisms, such as the involvement of activation of large conductance
calcium-activated potassium channels (BKCa

2+) (Saponara et al.,
2006), as well as the increase in cytosolic cAMP and cGMP prob-
ably mediated by inhibition of PDE isoforms (Orallo et al., 2005).
Furthermore, Mladěnka et al. (2010) has demonstrated that the
presence of 4-keto group in flavonoid structure is a prerequisite for
the vasodilation, and this feature is found in the molecular structure
of the four main flavonoids present in L. origanoides (naringenin,
pinocembrine, quercetin and luteolin).

Furthermore, naringenin has demonstrated an antiatherogenic
potential, and good results have been shown in cardioprotective
studies (Chang et al., 2010; Lee et al., 2012; Testai et al., 2013), as
well as in functional studies on vascular function of streptozotocin-
induced diabetic rats (Fallahi et al., 2012). Therefore, considering
the high concentration of flavones of L. origanoides,  it is cru-
cial to investigate the cardiovascular effects of this species, these
evidences may  probably be related with the hypotensive effect

observed for Lo-HAE, and the development of herbal medicines
from L. origanoides is then reinforced.

Furthermore, the search for new therapeutic alternatives for
arterial hypertension treatment is relevant due the high number of
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F es of 100 mg/kg and 200 mg/kg in normotensive rats. Values are expressed as mean ± SEM.
T 01 vs to the control group.
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ig. 5. Variation in systolic blood pressure after oral administration of Lo-HAE in dos
wo-way ANOVA followed by Bonferroni post test. *p < 0.05; **p < 0.01 and ***p < 0.0

atients with uncontrolled hypertension, even in drug treatment,
nd many collateral effects by continuous use of drugs commonly
sed for hypertension (Bunte et al., 2013; Godinho, 2011). As part
f this search, the bio-based material obtained from L. origanoides,
howed to be promising, because products come from vegetal
xtracts which can be safer, less costly and low collateral effects
ven in higher doses (Calixto, 2000).

.4. Acute oral toxicological evaluation of Lo-HAE

The use of herbal extracts from raw materials in order to pro-
uce medicines requires toxicological studies. The internationally
alidated tests which assess the acute oral toxicological of herbal
xtracts and chemicals are based on classifications according to
heir potential of toxicity or lethality, and they are in accordance
ith the Globally Harmonised System (GHS). An important exam-
le is the guidelines of the Organization for Economic Cooperation
nd Development (OECD). They are accepted by worldwide regula-
ory agencies, and therefore they are adopted for this study (Jonsson
t al., 2013).

After acute oral treatment of animals with Lo-HAE at single
ose of 2000 mg/kg, no deaths were observed. According to OECD
o. 423, the protocol was repeated with a new group of 3 ani-
als. The second set of treatment did not promote any deaths.

he product-test is considered and 5000 mg/kg is encountered.
hen, the estimated DL50 for Lo-HAE is higher than 2000 mg/kg,
nd therefore classified in the category X of GHS, which refers to
on-classified substances (OECD, 2002a).

Besides, the acute oral administration of Lo-HAE did not pro-
ote any change of behaviour during the hippocratic screening,

nd there were no clinical signs of toxicity, when compared with
he control group. Similarly, the administration of Lo-HAE had no
ignificantly alteration to the body mass of the animals compared
ith the control group (Fig. 6). Additionally, some organs (liver,

idneys, heart, spleen and lungs) were evaluated macroscopically
nd no changes were observed in their size, rigidity, structure or

olor.

It must be considered that the observed results represent a
reliminary assessment of the acute oral toxicological profile of Lo-
AE which provides information about the risks resulted from only
Fig. 6. Effects of the standardized extract from L. origanoides on weight gain in Wistar
rats for 14 days. Two-way ANOVA followed by Bonferroni post test.

a single acute exposure. Interestingly, the lack of acute oral toxic-
ity of Lo-HAE leads to a promising result, and repeated dose oral
toxicity studies as well as the development of Lo-HAE-based phar-
maceutical formulations for the treatment of hypertension may  be
considered.

Thus, optimization and standardization of the methodology
developed for obtaining bio-based material showed high tech-
nological potential due to its reproducibility for industrial scale
production and the control produced by the biomarker identified
material. In addition, this study is a pioneer in the evidence of
hypotensive activity of the L. origanoides, thus developing great
expectation on future production of new therapeutic alternatives
for the treatment of hypertension.

4. Conclusions

An efficient standardized hydroalcoholic extraction process was
obtained from aerial parts of L. origanoides, and the presence of
naringenin as the major compound reinforces its role as a potential
biomarker for the Lo-HAE assessment. Additionally, the admin-
istration of Lo-HAE to female Wistar rats promoted pronounced
hypotension by both intravenous and oral routes. In addition, no

sign of toxicity after single oral dose at 2000 mg/kg was observed.
These findings lead the Lo-HAE towards the elucidation of mecha-
nism underlying Lo-HAE-induced cardiovascular effects, as well as
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