
Resumen. TOXICIDAD DEL ACEITE ESENCIAL DE Lippia alba (Mill.) N. E. Brown QUIMIOTIPO CITRAL. Jesús Olivero-Ver-

bel; Angélica Guerrero-Castilla; Elena Stashenko. Acta Toxicol Argent (2010) 18 (1): 21-27. El aceite esencial (AE) de Lippia alba 

(Mill.) NE Brown (Verbenaceae) ha sido utilizado tradicionalmente para tratar varias enfermedades. En este estudio, los efectos 

tóxicos agudos del AE de Lippia alba quimiotipo citral fueron evaluados en ratones. Los animales fueron tratados por vía intrape-

ritoneal recibiendo el AE en dosis entre 50 y 2500 mg/kg de peso, y el grupo control aceite de sésamo (vehículo). Dosis superiores 

a 1000 mg/kg del AE mostraron efectos neurotóxicos incluyendo disminución de la locomoción e hipotonía, disnea, cifosis y 

convulsiones. El AE fue letal a la dosis de 2500 mg/kg. Veinticuatro horas después de que los animales fueron tratados con 1000 

mg/kg del AE se les realizó eutanasia y su sangre e hígado fueron recolectados para análisis. Los ratones expuestos al AE de L. 

alba, presentaron actividad alanina aminotransferasa (ALT) en plasma significativamente mayor que el grupo control. Dentro de 

los cambios histológicos hepáticos se incluyen inflamación leve, en particular, un aumento del tamaño nuclear. En comparación 

con el grupo control, la expresión de genes seleccionados tuvo diferencias significativas para FABP5, un gen relacionado con 

el transporte de ácidos grasos. En conclusión, la administración intraperitoneal del AE de L. alba (quimiotipo citral) causa daños 

neurológicos en ratones a una dosis igual o superior a 1500 mg/kg, mientras que a 1000 mg/kg, genera daño hepático leve. Por 

lo tanto, el uso sistémico de este AE plantea preocupaciones en cuanto a su seguridad.
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Abstract. TOXICITY OF THE ESSENTIAL OIL OF THE CYTRAL CHEMOTYPE OF Lippia alba (Mill.) N. E. Brown. Jesús Oli-

vero-Verbel; Angélica Guerrero-Castilla; Elena Stashenko. Acta Toxicol Argent (2010) 18 (1): 21-27. The essential oil (EO) of Lippia 

alba (Mill.) N. E. Brown (Verbenaceae) has been traditionally used to treat several diseases. In this study, the acute toxic effects of 

the citral chemotype of L. alba EO were evaluated in mice. Animals were treated via intraperitoneal receiving the L. alba essential 

oil at doses between 50 and 2500 mg/kg, and the control group received sesame oil (vehicle). The EO induced dose-dependent 

neurotoxic effects at doses greater than 1000 mg/kg, including decreased locomotion, motor skills and muscle strength, hy-

potonia, dyspnea, kyphosis and convulsions. The EO was lethal at a dose of 2500 mg/kg. Animals receiving 1000 mg/kg were 

euthanized at the end of the treatment period and their blood and livers were collected for analysis. Mice exposed to L. alba EO 

presented significantly greater plasma alanine aminotransferase (ALT) activities than the control group. Liver histological changes 

included mild inflammation, in particular, an increase in nuclear size. Compared to vehicle control group, changes in expression 

for selected genes were significant for FABP5, a fatty acid transport related gene. In summary, the intraperitoneal administration 

of L. alba EO (citral chemotype) causes neurological damage in mice at doses equal or greater than 1500 mg/kg, whereas at 1000 

mg/kg, it generates mild liver damage. Therefore, the systemic use of this EO raises concerns about its safety.
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INTRODUCTION
Essential oils (EOs) are complex mixtures of 
volatile compounds with diverse chemical-
structure. They are composed of second-
ary metabolites that plants produce for their 
survival. EOs can be isolated from any part 

of aromatic plants and are widely used in 
cosmetics, food industry and pharmaceu- 
ticals (Stashenko 2009). Within aromatic spe-
cies, Lippia alba (Mill.) N.E. Brown (Verbena-
ceae) has been commonly used in natural and 
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traditional medicine in Latin America. L. alba 
is one of the most studied species within the 
Lippia genus, and several studies have descri- 
bed its use as a sedative, as well as for the treat-
ment of digestive disorders (vomiting, flatu- 
lence, diarrhea, abdominal pain), respiratory in- 
fections (bronchitis, sore throat, flu, cough, cold),  
hypertension, anemia, and skin diseases (Hen-
nebelle et al. 2008a). In Colombia, L. alba has 
been found to exist as three different chemo-
types: carvona, citral/geranial and the mixed 
type carvone/citral. Other major components 
present in this EO include limonene, bicyclo-
sesquiphellandrene, piperitenone, piperitone 
and b-bourbonene (Stashenko et al. 2004). 
Despite the fact that L. alba EO is current-
ly used as either phytomedicine or food fla-
vouring, the knowledge about its mammalian 
toxicity is scarce. Although this is also true 
for many other EOs, the available literature 
has registered a wide toxicological profile for 
these substances, in particular, at high doses, 
and depending on their chemical composition. 
These include lipid peroxidation and hepatic 
damage (Sztajnkrycer et al. 2003; Akdogan et 
al. 2004), increases in kidney-body weight ra-
tio (Odeyemi et al. 2009) and glutathione de-
pletion (Lima et al. 2004), among others. How-
ever, it also should be stated that EOs have 
also been tested as protectors in different tox-
icity models such as those induced by cyclo-
phosphamide (Rezvanfar et al. 2008) and car-
bon tetrachloride (Mansour et al. 2001). The 
aim of this work was to study the effects of the 
L. alba (citral chemotype) EO on a mice model 
of acute toxicity.

MATERIALS AND METHODS 
L. alba EO (citral chemotype) was obtained by 
hydrodistillation from plants grown at the CENI-
VAM at the Industrial University of Santand-
er, Bucaramanga, Colombia, and chemically 
characterized as described previously (Stash-
enko et al. 2004; Mesa-Arango et al. 2009; Oli-
vero-Verbel et al. 2009). The species has been 
identified by botanist José Luis Fernández at 
the Institute of Natural Sciences of the Nation-
al University of Colombia (Bogotá). A voucher 
of L. alba has been deposited at the Institute’s 
Herbarium with the number 480750. 
Female BALBc mice, aged 8 to 10 weeks, 
were purchased from the National Institute of 
Health (INS), Bogotá, Colombia, and allowed to  
acclimate for a minimum of 2 weeks before the 
start of the experiments. Groups of 10 mice 

were injected intraperitoneally with sesame  
oil (vehicle) or the citral chemotype of L. alba 
EO (50-2500 mg/kg), and their behaviour/
signs and symptoms were followed for a 24 h  
period. Preliminary experiments showed that 
doses greater than 2500 mg/kg were lethal 
within minutes. Mice were given ad libitum ac-
cess to food and water, housed in polycarbon-
ate cages, and maintained in a climate-con-
trolled room with a 12:12-h light-dark cycle in 
an animal facility at the University of Cartagena, 
Cartagena, Colombia. Mice receiving the max-
imum dose, at which not behavioral changes 
were noticed after the exposure period, were 
euthanized with sodium pentobarbital. 
Portal blood was collected in sodium citrate, 
plasma isolated by centrifugation and alanine 
aminotransferase (ALT) and aspartate amino-
transferase (AST) activities were measured 
spectrophotometrically using commercially 
available kits (Product Codes: ALT, 11568; AST, 
11567, Biosystems, Barcelona, Spain). Liver 
was removed immediately after blood collec-
tion; a section was also immediately stored in 
RNA Later (Ambion, Austin, Texas, USA) for 
gene expression analysis. Another section was 
fixed with 10% buffered formalin, and subse-
quently embedded in paraffin for histological 
analysis. Sections were stained with hema-
toxylin and eosin using standard techniques. 
Sections were viewed without knowledge of 
the treatment group to which each animal had 
belonged.
Gene expression measurements were per-
formed from RNA isolated from the liver us-
ing RNeasy Mini Kit (Quiagen, California, USA) 
as described by the manufacturer. cDNA was 
prepared from total mRNA using QuantiTect 
Reverse Transcription Kit (Qiagen Inc, Valen-
cia, CA, USA). In this work we studied chang-
es in mRNA expression on selected genes, 
representing different signaling pathways im-
portant in liver function, including oxidative 
stress defense mechanisms (superoxide dis-
mutase, SOD), cholesterol metabolism (cho-
lesterol 7α-hydroxylase, CYP7A1; sterol regu-
latory element binding protein, SREBP), fatty 
acid transport (FABP5), fatty acid metabolism 
(peroxisome proliferator-activated receptor al-
pha, PPARα) and cell cycle regulation (cyclin, 
CYCL). Changes in gene expression were de-
termined using real-time RT-PCR with b-actin 
as the reference gene. Each sample was run in 
duplicates on the LightCycler 1.5 (Roche Ap-
plied Science, Indianapolis, IN, USA). 
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Gene-specific primers for SOD (forward, 5'- 
GATTAACTGAAGGCCAGCATG-3'; reverse, 5'- 
GGTCCATGAGAAACAAGAGAC-3'), PPARα (forward, 5'- 
CAACGGCGTCGAAGACAAA-3'; reverse, 5'- 
CAACGGCGTCGAAGACAAA-3'),  CYCL (forward, 5'- 
ACCCTGACACCAATCTCCTCAAC-3'; reverse, 5'-
CAGAAGGAGATTGTGCCATCCA-3'), FABP5 (forward, 5'- 
GGAAGGAGAGCACGATAACAAGA-3'; reverse, 5'- 
TGTGTCATGAACAATGCCACC-3'), SREBP (forward, 5'- 
GATCAAAGAGGAGCCAGTGC-3'; reverse, 5'- 
CACTCAGCAGCCACCATCTA-3'),  CYP7A1 (forward, 5'- 
CTGTCATACCACAAAGTCTTATGTCA-3'; reverse, 5'- 
GGCATTTGGACACAGAAGCAT-3'), and b-ACTIN  (forward, 5'- 
CTTTGCAGCTCCTTCGTTGC-3'; reverse, 5'- 
GCTGTATTCCCCTCCATCGT-3'),  were designed based 
on sequences obtained from Gen-Bank. The rel-
ative expression of the target gene was calculat-
ed by the relative standard curve method, using 
a stock cDNA sample containing the target gene, 
from which a 2-fold serial dilution was made to 
obtain the curve. Negative controls, where no 
cDNA was added, were included in each run.

Ethical considerations
The study was conducted according to the 
declaration of Helsinki (Villar 1988), and fol-
lowing national scientific and ethical guide-
lines established in Law 84 of December 27, 
1989, Chapter VI; as well as those in the Reso-
lution 8430 of 1993, issued by the Colombian 
Ministry of Health.

Statistical analysis
All data were expressed as means ± SE. A 
two-tailed t-test was used to compare vehicle 
vs. EO-treated groups. P values <0.05 were 
considered statistically significant. All statis-
tics were performed using Prism software (ver-
sion 5.0a).

RESULTS 
Mice treated with vehicle control or doses of 
L. alba lower than 1000 mg/kg did not experi-
ence any signs or symptoms of toxicity dur-
ing the 24 h surveillance. However, doses 
equal or greater than 1500 mg/kg induced 
several dose-dependent neurological and mo-
tor deficits (Table 1), mostly characterized by 
decreased locomotion and muscle strength, 
hypotonia, dyspnea, kyphosis and seizures. 
A greater dose (2500 mg/kg) was lethal for all 
mice within 24 h exposure (Figure 1), although 
91% of them died during the first 12 hours.
As 1000 mg/kg of L. alba EO did not cause any  
observable change in normal behaviour, this 

Table 1. Characteristic signs and survival of 
BALB/c at different doses of Lippia alba essential oil.

Dose  Time post-       Signs and
(mg/kg) injection       symptoms
  
 
 
 15 min

 30 min

 
60 min

1500
 90 min

 90 min - 24 h

 

 5 – 60 min

 
 90 min
 

2500

 120 min

 
 

 2 – 22 h

Decreased locomotion, motor 
skills and muscle strength. Hy-
potonia, dyspnea, tachycardia 
and kyphosis.

Seizures, ataxia, unbalance, 
uncoordinated gait, and 
disorientation.

Redness in ears and legs.

Apparent recovery of locomo-
tion, balance and orientation.

Conditions improved and 
mice behave mostly normal as 
healthy mice, with the excep-
tion of fatigue, and changes in 
the hair appearance. However 
there are still signs of weak-
ness and a low tolerance to 
manipulation.

Loss of locomotion, motor ski-
lls, quadriplegia, hypotonia in 
the limbs.

Animals showed a recovery in 
quadriplegia, but still presen-
ted ataxia, with a tendency to 
cluster with each other. At this 
time 27% of the population 
died because late complicatio-
ns of the respiratory system.

Mice experienced motor con-
vulsions and versive or circling 
seizures. Marked hypothermia 
and ataxia.

Surviving mice showed versi-
ve or circling seizures, alter-
nating with loss of locomo-
tion, hypotonia, asthenia, and 
ataxia.  Prior to death, animals 
presented fatigue, hypotonia, 
quadriplegia, marked dysp-
nea, cyanosis, hypothermia 
and bradycardia.
Note: 18% (2/11) of treated 
mice showed cornea opacity.
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dose was chosen to study the effects on liver  
function. ALT activities in the 1000 mg/kg group  
was significantly higher than in the control 
group (P <0.05), whereas AST activities did not 
change with the treatment (Figure 2). Although 
the ALT values in the EO-treated group were 
near 40% greater than in the control group, 
this increase in ALT is far from the threshold 
value used to define potential liver injury (Na-
varro and Senior 2006).
Compared to the vehicle group, mice treated 
with 1000 mg/kg of L. alba EO did not show 
significant histological liver lesions (Figure 3), 
with the exception of some minor inflamma-
tion, mostly characterized by increase in nu-
clear size, and few scattered polymorphonu-
clear-monocytic infiltrations.
Gene expression analysis of liver was per-
formed on vehicle and 1000 mg/kg L. alba EO-
treated mice after 24 h exposure and the re-
sults are presented in Figure 4. Treatment with 
EO significantly downregulated gene expres-
sion of FABP5 in the liver. On the other hand, 
SREBP was also downregulated, whereas 
SOD, PPAR-α, CYP7A1 and CYCL, were up-
regulated in the EO-treated group when aver-
age values were compared to control, although 
these changes in mRNA expression were not 
statistically significant.  

Figure 1. Survival of the different groups of mice 
exposed to vehicle (sesame oil) or L. alba EO.

Figure 2. Plasma ALT (A) and AST (B) activities in 
vehicle or 1000 mg/kg L. alba EO-treated mice. 

*Significantly different from control (P<0.05).

Figure 3. H&E staining of liver sections from vehicle- or 
1000 mg/kg L. alba EO-treated mice. Vehicle-treated mice 

showed normal liver histology, whereas L. alba exposed group 
presented scattered foci of enlarged hepatocyte nucleus. 
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DISCUSSION
L. alba has an important therapeutic back-
ground in traditional medicine. Different types 
of non volatile compounds isolated from this 
plant have shown antioxidant, neurosedative 
(Zétola et al. 2002; Hennebelle et al. 2008b), 
anticonvulsant (Neto et al. 2009) and antimi-
crobial (Oliveira et al. 2006) properties, whereas 
its EO has been shown to be antifungal (Mesa-
Arango et al. 2009). However, up to now few 
studies have shown the in vivo toxic effects of 
its EO in eukaryotic species (Olivero-Verbel et 
al. 2009; Sena-Filho et al. 2009).
The present experimental study found that a 
high acute dose (>1000 mg/kg) of L. alba EO 
(citral chemotype) causes signs and symp-
toms of severe neurological damage, and also 
that a dose of 2500 mg/kg was lethal in a 24 
h period. A previous report (Vale et al. 1999) 
used elevated plus maze, open field and rota 
rod tests to demonstrate that mice exposed 
to 50-200 mg/kg L. alba EO (all three chemo-
types) developed behavioral changes, which 
varied according to the chemotype used in 
the assays. The mechanisms by which this  

happens are not clear, though effects on the 
central nervous system may play a role, as it 
has been observed for citral, (Yang et al. 2009) 
one of the major components of the L. alba EO, 
probably as a result of retinoic acid deficiency 
(Zhang et al. 2009). On the other hand, it has 
also been reported that the ethanolic non-vol-
atile fraction of L. alba presents sedative and 
myorelaxant effects (Zetola et al. 2002). 
The level of ALT activity reflects damage to he-
patocytes and it is considered to be a highly 
sensitive and fairly specific biomarker of hep-
atotoxicity (Ozer et al. 2008). Results report-
ed here showed that the essential oil-treated 
group presented a small increase in ALT ac-
tivity, suggesting that this EO has little hepa-
totoxicity, observation correlated to the mild 
histological effects observed. Moreover, this 
negligible increase in plasma ALT activity level 
could also be associated with other organ tox-
icities, especially considering that no changes 
were observed in AST activity. 
This is the first report on the effects of L. alba 
EO on gene expression in mice liver. Gene ex-
pression analysis revealed that among several 
targets, only FABP5 was significantly down-
regulated by 1000 mg/kg EO. It has been sug-
gested that the expression of FABP5 in liver 
parenchymal cells facilitates lipid uptake, 
transport, and metabolism as a response to 
the uptake of dietary lipids (Boord 2002; Glatz 
2002). Therefore, downregulation of this gene 
could derive from decreased food intake, as a 
result of altered taste and smell senses, due to 
the volatile components of the EO, or as well 
as a consequence of central depression.
In average, SREBP was also downregulated 
in the EO-exposed group, although this event 
was not significant. However, some action on 
cholesterol metabolism cannot be complete-
ly neglected. On the other hand, the lack of 
significant effects of the EO on the expression 
of genes related to cholesterol metabolism 
(CYP7A1), fatty acid metabolism (PPARα), cell 
cycle regulation (CYCL) and oxidative stress 
(SOD), might indicate that the liver is not a pri-
mary target for the EO. Moreover, the fact that 
no significant change in SOD RNA expression 
was produced by L. alba EO was not surpris-
ing, taking into account that this species has 
shown antioxidant properties (Aran and Nur 
2009). Alternatively, it is important to state 
that, as also seen in the mortality study, the 
response to the EO in some animals is high-
ly variable, and this could indeed impact the 

Figure 4. Liver mRNA expression of selected genes 
after mice exposure to vehicle or 1000 mg/kg L. alba 

EO. *Significantly different from control (P<0.05).
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significance obtained in the comparisons be-
tween groups. This observation adds uncer-
tainty to the toxic effects associated with the 
acute exposure of the L. alba EO to mice, sug-
gesting that care must be taken when evaluat-
ing possible health risks in humans.

CONCLUSION
High doses of the L. alba essential oil (citral 
chemotype) induced severe neurological and 
motor damage in mice. A dose with non ob-
servable neurological effects (1000 mg/kg) 
produced a mild liver inflammation and down-
regulation of liver FABP5, a gene involved in 
lipid uptake, transport and metabolism.
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