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Abstract

Objective – Nepeta cataria (catnip) is a plant used to treat human diseases and is also found in pet toys. This study was performed to ana-
lyze the anti-nociceptive and anti-inflammatory effects of N. cataria essential oil (NCEO) in female mice. Methods – Phytochemical analy-
ses of NCEO were performed. In addition, female mice treated with the oil were observed in an open field for its general activity and to
investigate the dose and time responses. The anti-nociceptive effects were evaluated by tail immersion and acetic acid writhing reflex tests.
The anti-inflammatory oil properties were investigated by the carrageenan-induced edema test. Results – The results showed that 0.0005 and
0.001 mL/kg i.p. doses of NCEO increased the general activity of female mice, and the 0.0005 mL/kg dose reduced their immobility. Mo-
reover, NCEO (0.0005 mL/kg) has anti-nociceptive properties, as the treated animals exhibited an increased latency of tail withdrawal and
reduced acetic acid-induced abdominal constrictions. Furthermore, NCEO (0.0005 mL/kg) presented peripheric anti-inflammatory proper-
ties by reducing the induced edema after carrageenan injection. Conclusions – These effects may be due to the nepetalactone trans-trans and
trans-cis nepetalactone isomers, which were detected as the predominant active components in the phytochemical analysis. It was sugges-
ted that the main effect of NCEO occurs on the central nervous system mechanism of pain.

Descriptors: Nepeta/chemistry; Plant oils; Edema/chemically induced; Immersion; Colic/chemically induced

Resumo

Objetivo – A Nepeta cataria (catnip) é uma planta utilizada para tratar doenças humanas e também é encontrada em brinquedos de ani-
mais de estimação. O objetivo deste estudo foi analisar os efeitos antinociceptivos e anti-inflamatório do óleo essencial de N. cataria
(NCEO) em camundongos fêmeas. Métodos – A análise fitoquímica do NCEO foi realizada. Além disso, os animais que foram tratados com
o óleo e foram observados em um campo aberto para mensurar a sua atividade em geral e investigar a dose e tempo de respostas. Os efei-
tos antinociceptivos foram avaliados pelos testes de imersão da cauda e reflexo de contorções abdominais causadas pelo ácido acético.
As propriedades antiinflamatórias do óleo foram investigadas pelo teste de edema induzido por carragenina. Resultados – Os resultados
mostraram que 0,0005 e 0,001mL/ kg doses ip. de NCEO aumentou a atividade geral de camundongos fêmeas, e dose de 0,0005 mL/kg
reduziu sua imobilidade. Além disso, NCEO (0,0005 mL/kg), tem propriedades antinociceptiva, como os animais tratados apresentaram
uma maior latência de retirada de cauda e reduziu as contorções abdominais induzidas pelo ácido acético. Além disso, NCEO (0,0005
mL/kg) apresentou efeito periférico e propriedades antiinflamatórias, reduzindo o edema induzido após a injeção de carragenina. Con-
clusões – Estes efeitos podem ser devido aos isômeros nepetalactone trans-trans e nepetalactone trans-cis, que foram detectados como os
componentes ativos predominante na análise fitoquímica. Foi sugerido que o principal efeito da NCEO ocorre no mecanismo do sistema
nervoso central da dor.

Descritores: Nepeta/química; Óleos vegetais; Edema/induzido quimicamente; Imersão; Cólica/induzido quimicamente

Introduction

The Nepeta cataria plant (catnip or catmint) belongs to the
mint family (Lamiaceae)1. Nepeta is a genus composed of peren-
nial or annual herbs, with a cosmopolitan distribution in Asia, Eu-
rope and North Africa. For a long time, N. cataria has been used
in North American popular medicine and in teas, dyes or infusions.
Nepeta species are widely used because of their antispasmodic,
expectorant, diuretic, antiseptic, febrifuge, antitussive and antias-
thmatic effects2. Moreover, the fresh or dried plant, juice or extract
can induce extreme pleasure manifestations in cats. For these
reasons, N. cataria is also used in toys for pets3. 

Klimek and Modnick4 (2005) determined the presence of 50% ne-
petalactone, 33% nepetalic acid, and 14% viscous yellow neutral
in N. cataria essential oil. Ursolic acid, flavonoids and phenolic
acids were also detected in N. cataria essential oil. 

Aydin et al.5 (1998) investigated the anti-nociceptive effects of es-
sential oils from Nepeta species, including N. phyllochlamys P. H.
Davis, N. nuda L. ssp. nuda, and N. caesarea Boiss, using tail flick

and tail immersion tests. These authors detected central and perip-
heral anti-nociceptive effects in these plants. 

Furthermore, N. cataria L. var. citriodora (Becker) Balb. (Lamia-
ceae) also can be used as an anti-inflammatory agent4. More spe-
cially, ursolic acid from N. cataria is described as having anti-in-
flammatory proprieties6.

Despite several studies about Nepeta species showing anti-no-
ciceptive and anti-inflammatory properties, no study has been
performed in laboratory animals with the N. cataria essential oil.
Thus, we investigated the anti-nociceptive and anti-inflammatory
effects of N. cataria essential oil (NCEO) in mice. First, phyto-
chemical analyses of NCEO were performed. The effects of two
oil doses on the mice general activity were assessed by the
open-field test. The immobility duration was taken as an index
of motor impairment and the locomotion frequency was used to
determine the time dose effect. The anti-nociceptive effect was
evaluated by tail immersion and acetic acid writhing reflex
tests. The anti-inflammatory oil properties were investigated by
the carrageenan-induced edema test. 
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Methods

Botanical material collection and NCEO production

N. cataria was collected in Serra Azul Street, 308, Piracicaba, SP,
Brazil, number 001/205. Specimens were identified by the botanist
Oriana Favero, PhD from Mackenzie Presbyterian University. A
voucher specimen was deposited in the Herbário Municipal de São
Paulo, collection number PMSP8986.

The leaves of N. cataria (357.77 g) were subjected to hydrodis-
tillation using a modified Clevenger apparatus. After four hours, the
crude volatile oil was extracted with CH2Cl2 and dried with anhy-
drous MgSO4. After filtration and evaporation of the solvent, 70 mg
of crude oil (yield 0.02%) were obtained. The essential oil was di-
luted ten times in almond oil to be administered in animals.

Animals

Female Balb-C mice weighing 25-30 g from our colony were used.
The animals were housed in groups of five in polypropylene cages (38
x 32 x 16 cm) with controlled room temperature (22 ± 2ºC), humidity
(65–70%), and artificial lighting (12 h light/12 h dark cycle, lights on
at 6:00 a.m.), and free access to Nuvilab® rodent chow (Nuvital Com-
pany, São Paulo, Brazil) and filtered water. Animals were divided ran-
domly into control and experimental groups. To minimize the in-
fluence of possible circadian changes on mice behavior, the animals
were observed at the same time of day (2:00 – 4:00 p.m.). The mice
used in this study were maintained in accordance with the guidelines
of the Committee on Care and Use of Laboratory Animal Resources
of the School of Veterinary Medicine, University of São Paulo, Brazil.

Phytochemical analysis of the NCEO

The NCEO was analyzed by gas chromatography-flame ionization de-
tector (GC–FID) in a HP 5890 series II gas chromatograph. The tempe-
rature program for the GC analysis was isothermal at 100°C for 2 min,
100-180°C at 5°C/min, isothermal at 180°C for 2 min, 180–250°C at
10°C/min, and then isothermal at 250°C for 5 min. The temperatures of
injection and detection (flame ionization) were 180 and 220°C, res-
pectively. A capillary column (HP-5) coated with 5% PhMe silicone (30
m x 0.32 mm i.d., film thickness 0.25 µm) was used. In addition, the
crude NCEO was analyzed by GC/MS at 70 eV in an INCOS 50 Finni-
gan-Mat-quadrupole spectrometer using a capillary column (DB-5)
coated with crosslinked methyl silicone gum (25 m x 0.200 mm i.d., film
thickness 0.33 µm). The temperature program was isothermal at 100°C
for 1 min, 100–250°C at 10°C/min, and then isothermal at 250°C for 20
min. The temperatures of injection and detection were 230 and 280°C,
respectively. Structures of the identified derivatives were confirmed by
13C nuclear magnetic resonance (13C NMR and DEPT 135°), according
to the methodology for the analysis of mixed terpenoids7, using a Bru-
ker DRX-500 operating at 125 MHz for the 13C nucleus. Deuterated
chloroform (CDCl3) was used as the solvent and internal standard.

General activity in the open field 

Female mice were observed in an open field to evaluate the ef-
fects of NCEO on their general activity and to determinate the ef-
fects of dose and time for subsequent studies. Twenty female mice
were treated intraperitoneally (i.p.) with two doses of NCEO:
0.0005 and 0.001 mL/kg i.p. (n = 10 for both groups), and the con-
trol group (n = 10) received the vehicle solution (almond oil). The
open-field device consisted of a round wooden arena (40 cm in dia-
meter, 25.5-cm walls) painted gray with an acrylic washable co-
vering and subdivided into 25 parts8-9. Immediately and 15, 30, 45,
180 and 300 min after these treatments, each mouse was indivi-
dually placed in the center of the apparatus and the following pa-
rameters were measured over a period of 5 min: locomotion fre-
quency (number of floor units entered with both feet), rearing
frequency (number of times the rodents stood on their hind legs)
and immobility duration (seconds of absence of activity). Hand-
operated counters and stopwatches were employed to count these
behaviors. The device was washed with a 5% alcohol/water solu-
tion before placing the animals to obviate possible biasing effects
due to odor clues left by earlier mice.

The open field test was employed to determinate the general ac-

tivity. Moreover, the open field test was employed to determinate the
doses and time effects of NCEO. Based on the results of the open-
field studies, the NCEO group received a dose of 0.0005 mL/kg for
the subsequent anti-nociceptive and anti-inflammatory studies, be-
cause this level produced behavioral interferences. Based in these
data, the remained experiments were performed between 15 and 180
min because this interval produced interferences on general activity. 

Tail immersion test

Noxious thermal stimulation was attained by immersing the tip of the
tail in hot water. First, three consistent baseline readings were taken with
the distal 5 cm of the tail immersed in 52 ± 0.2°C water for a maximum
period of 15 s. Nociception was estimated by the latency of flicking the
tail. The interval between the three immersions was 30 s. Next, 0.0005
mL/kg of NCEO, 1 mL/Kg of almond oil (the NCEO vehicle), or 20
mg/kg of morphine (Cristália®, Itapira, SP, Brazil) were given by i.p route
(n=10 both groups). Three further readings were taken (experimental
test) 15, 30 and 45 min after the treatments. Data were taken as the dif-
ference between the baseline and the experimental test latencies.

Acetic acid writhing reflex

The mouse writhing test used was based on the method of Koster et
al.10 (1959). Contortions were induced by i.p. administration of acetic
acid (Merck, 60 mg/Kg). Ten female mice were treated with NCEO
(0.0005 mL/kg); the control group (n = 10) received the vehicle solu-
tion (almond oil); and the positive control group received an injection
of morphine (20 mg/kg)11, i.p. Fifteen min after the treatment, mice were
injected with the acid acetic solution to induce the characteristic writ-
hing. Results are presented as the number of contortions observed du-
ring the 20 min interval subsequent to the injection of the acid.

Carrageenan-induced edema

Carrageenan-induced edema was conducted according to Winder
et al.12 (1957). Briefly, 0.1 mL of carrageenan was injected subcuta-
neously (s.c.) into the left hind paw of each female mouse. The volume
(mL) of induced edema was measured with a pachimeter immediately
before and 30, 60, 120 and 180 min after carrageenan injection to de-
termine the differences in paw volume up to the tibio-tarsal joint. A to-
tal of thirty female mice were injected with carrageenan. Sixty min la-
ter, they were divided into three equal groups (n = 10): an NCEO
(0.0005 mL/kg) group; a control (almond oil) group; and an indomet-
hacin (5 mg/Kg, i.p.) group as a positive control. 

Statistical analysis

The results are expressed as mean ± SEM. Homoscedasticity was
verified through the F test. Normality was verified through the Kol-
mogorov-Smirnov test. In the open-field test two way ANOVA fol-
lowed by the Bonferroni post hoc test were used to analyze the re-
sults. In tail immersion test and carrageenan-induced edema test,
one way ANOVA followed by the Turkey post hoc test were used to
analyze the results. The Student’s t test (unpaired, two-tailed) was
used on acetic acid writhing reflex test. In all cases, results were con-
sidered significant if p < 0.05.

Results

Four major components were identified in N. cataria leaves:
trans,trans-nepetalactone, cis,trans-nepetalactone, trans,cis-nepeta-
lactone and nepetalactol, using GC-FID and GC-MS (Table 1) as well
as 13C NMR (Table 2). The obtained data showed the predominance
of a diateriomeric mixture of trans,trans- and trans,cis-nepetalac-
tone isomers (Figure 1), indicated by the different signs for each ste-
reoisomer of carbons C-1 (d 171.5/170.0), C-3 (d 136.3/135.8), C-4a
(d 41.7/37.2), C-7 (d 32.5/29.9), C-7a (d 52.3/49.0), and C-9 (d 20.4/
17.6) and comparison with literature data13. 

Figure 2 shows the effects of NCEO (0.0005 and 0.001 mL/kg) i.p.
administration on the general activity of female, as observed in the
open field. As depicted in Figure 2A, a two-way ANOVA revealed
significant differences between groups for various treatments [F
(2/162) = 23.42, p < 0.0001] and times after treatment [F(5/162) =
2.44, p = 0.037]. For the control group, a multiple comparisons test
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showed an increased locomotion frequency in mice treated with
NCEO after 0, 15 and 30 min in the open field for both the 0.0005
and 0.001 mL/kg doses. By contrast, the 0.0005 mL/kg dose only in-
duced an increased locomotion frequency at 45 and 300 min after
treatment. The data of the rearing frequencies are shown in Figure
2B. A two-way ANOVA revealed significant differences between
groups for various treatments [F(2/162) = 26.69; p < 0.0001] and ti-
mes after treatment [F(5/162 = 0.40, p = 0.84]). Mice treated with
0.001 mL/kg of NCEO presented a high rearing frequency in com-
parison to the control group in all sessions. No significant differen-
ces were detected in the rearing frequency between the 0.0005
mL/kg–treated and control mice. Figure 2C shows the duration of
immobility. The two-way ANOVA revealed significant differences
between the groups in terms of the treatment [F (2/162 = 3.37,
p = 0.037]; however, no differences were detected between times
after treatment [F(5/162 = 1.71, p = 0.1343]. Mice treated with
0.0005 mL/kg of NCEO presented low levels of immobility duration,
whereas no differences were detected in this parameter with a
0.001 mL/kg dose. 

The effects of 0.0005 mL/kg of the NCEO in the tail immersion
test are shown in Figure 3. One-way ANOVA revealed differences
between treatments (F(2/81) = 267.59, P<0.0001) and sessions
(F(2/81) = 70.32, P < 0.0001). The Turkey test revealed that NCEO
produced a significant anti-nociceptive effect compared to that on
the control group, because NCEO animals increased the latency
of the tail withdraw 15 and 45 min after treatment (p < 0.0001).
Moreover, significant differences were detected between NCEO
and morphine groups 30 and 45 min after treatments, being the
morphine values higher than the NCEO data (p < 0.0001), showing
that the NCEO is less potent than morphine.

A Student’s t-test indicated a significant decrease in the number
of writhing in the NCEO-treated group in comparison to controls
(control group: 17.50 ± 1.50; NCEO group: 6.30 ± 0.50, p<0.0001).
Data from morphine group were null, i.e., no mice presented the
writhing reflex. Therefore, according to the acetic acid writhing re-
flex test, NCEO induced anti-nociceptive effects.

Figure 4 shows the effects of NCEO on carrageenan-induced
edema. One-way ANOVA analysis revealed significant differences
between treatments [F(2/135) = 40.35, p < 0.001] and time after car-
rageenan administration [F( 4/135) = 92.27, p < 0.0001]. In com-
parison to the control group, the edema of NCEO-treated female
mice was reduced at 30 (p<0.001), 60 (p < 0.001) and 90 (p < 0.05)
min after carrageenan. As expected, comparisons between the in-
domethacin group and the control showed that the indomethacin-
treated mice presented reduced edema at all times after treatment
(p < 0.001).

Table 2. 13C NMR data (d/ppm, 125 MHz, CDCl3) of trans-trans
and trans-cis nepetalactone isomers

Carbon trans-trans trans-cis

obtained literature12 obtained literature12

1 171.5 171.5 170.0 170.1
3 136.3 136.3 135.8 135.8
4 120.6 120.6 120.3 120.4
4a 41.7 41.8 37.2 37.3
5 25.5 25.6 26.0 26.1
6 31.6 31.6 31.8 32.0
7 32.5 32.5 29.9 29.9
7a 52.3 52.5 49.0 49.0
8 14.0 14.0 14.2 14.3
9 20.4 20.4 17.6 17.6

Figure 1. Nepetalactone trans-trans and trans-cis nepetalactone iso-
mers of N. cataria essential oil

Figure 2. Effects of N. cataria essential oil (NCEO) on open-field behavior
of female mice. (A) Locomotion frequency; (B) Rearing fre-
quency; (C) Immobility duration. Clear bars = control group; gray
bars = 0.0005 mL/kg of NCEO; black bars = 0.001 mL/kg of
NCEO. * p < 0.05, compared with the control group (two-way
ANOVA). Values represent mean ± S.E.M. n = 10 for all groups
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Table 1. Phytochemical composition obtained by GC/MS analysis of N. cataria essential oil

Composition Relative % MS data

trans-trans nepetalactone 50.38 166 (100), 151 (18), 123 (97), 109 (67), 95 (81), 81 (96), 69 (80) 
cis-trans nepetalactone 6.66 166 (100), 151 (11), 123 (86), 109 (73), 95 (67), 81 (100), 69 (63)
trans-cis nepetalactone 21.74 166 (90), 151 (15), 123 (96), 109 (66), 95 (80), 81 (100), 69 (71)
Nepetalactol 0.49 168 (23), 150 (7), 135 (32), 121 (14), 111 (28), 97 (47), 81 (55), 58 (58), 41 (100)

Total 79.27



Figure 3. Effects of N. cataria essential oil (NCEO, 0.0005 mL/kg) on
reaction time in tail immersion test of female mice. Clear
bars = control group; gray bars = NCEO group * p < 0.05,
compared with the control group (one-way ANOVA). Values
represent mean ± S.E.M. n = 10 for both groups

Figure 4. Effects of N. cataria essential oil (NCEO, 0.0005 mL/kg) on car-
rageenan-induced edema of female mice. Triangles = control
group; squares = NCEO group; circles = indometacin group. ***
p < 0.001, compared with the control group (one-way ANOVA).
Values represent mean ± S.E.M. n = 10 for both groups

Discussion

The NCEO demonstrated antinociceptive properties in both, vis-
ceral and central nociceptive mouse models. Intraperitoneal injec-
tion of acetic acid induces peritoneal inflammation (acute perito-
nitis), which leads to a response characterized by contraction of the
abdominal muscle accompanied by an extension of the forelimbs
and elongation of the body. This writhing response is considered to
be a visceral inflammatory pain model10, and has been associated
with increased levels of prostaglandins in peritoneal fluids14. Rela-
tive to controls, NCEO reduced significantly the mice writhing res-
ponses. In addition, morphine treatment, the positive control group,
impaired this reflex. 

In the tail immersion test, which consists of a thermal stimulus,
an increase in the reaction time is generally considered as an im-
portant parameter for evaluating central anti-nociceptive activity15.
This test can differentiate between central opioid-like and periphe-
ral analgesics16. The anti-nociceptive activity of NCEO was repor-
ted to be similar to that of morphine, despite less potent. This re-
duced response could be a consequence of the NCEO dose
employed. In addition, the NCEO effects started before the morp-
hine effects, i.e., 15 min after the treatment. Results from this test
also revealed that the anti-nociceptive effect of NCEO on mice re-
mained up to 45 minutes after administration of the oil.

Moreover, NCEO presented a local anti-inflammatory property
because the reduction of the induced edema occurred 30, 60 and
90 min after the carrageenan injection17. In this experiment, indo-
methacin, used as positive control group, revealed a peak of effects
30 min after treatment, remaining at least 45 min after the injection. 

In all tests the relative potencies of the NCEO and the positive
controls were not compared because only one NCEO dose was em-
ployed. Future, studies need to be done to investigate this aspect.

In experiments designed to evaluate the analgesic action of new
agents, the pharmacological treatment can cause other behavioral al-
terations, such as motor incoordination and sedation, which might
be misinterpreted as analgesia. Therefore, an altered exploratory
behavior in the open field may be caused by changes in the anxiety
state and/or sedation18 as well as motor interferences19. In this study,
the dose applied in the anti-nociceptive and anti-inflammatory stu-
dies was chosen based on results from open-field studies. Both do-
ses (0.0005 and 0.001 mL/kg) of NCEO increased the locomotion fre-
quency of female mice in the open field. However, the 0.0005
mL/kg dose was chosen for subsequent studies, because it inhibits
immobility in the open field. Furthermore, severe interference of mo-
tor behavior could impair the nociceptive behavior analyses20.

Previous studies with the essential oil from N. caesarea Boiss,
another Nepeta species, showed significant analgesic activity in the
tail flick and tail immersion tests. This effect was accompanied by
a marked sedation, which was also blocked by naloxone, indicating
the involvement of opioid receptors. By contrast, in our experiments,
we observed a stimulant effect in the open-field test, similar to the
effects from morphine (20 mg/kg) in mice reported by21.

These behavioral effects might be due to the nepetalactone trans-
trans and trans-cis nepetalactone isomers, which were detected in
the phytochemical analysis as the active components. 

Conclusions

Based on our findings from the acetic acid writhing reflex and the
carrageenan-induced edema tests, NCEO presents peripheral anti-
inflammatory analgesic effects. The tail immersion test suggests
that the pharmacological actions were mediated by mu opioid re-
ceptors rather than by kappa and delta receptors22. Moreover, the
peripheral analgesic action of NCEO on acetic acid-induced pain
was comparable to that of morphine23. Thus, it is possible that the
main effect of NCEO occurs on the central nervous system mecha-
nism of pain.

This study is a preliminary study about the analgesic effects of
NCEO. To confirm these findings and the central nervous system me-
chanism underlying these analgesic effects, future detailed studies
using several NCEO doses as well as agonists and antagonists of
opioid receptors are being planned. Further investigations of the pos-
sible anti-inflammatory effect of NCEO will be conducted.
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