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In this study, the analgesic and sedative efficacy of Chuanxiong essential oil after nasal administration was
compared with that of the commonly used oral administration route. The essential oil significantly reduced
nociception only 5 min after nasal administration but not by i.g. administration. The essential oil significantly
decreased the sleep latency and prolonged the sleeping time only 5 min after i.n. administration but not by
the i.g. route. Taken together, these data demonstrate that the essential oil from Rhizoma Chuanxiong had
faster onset of action as well as better analgesic and sedative efficacy after i.n. administration than given
orally.

1. Introduction

Rhizoma Chuanxiong, known as Chuanxiong in China is a
commonly used Chinese medicinal (CM) herb with haemo-
dynamic and analgesic effects and has been widely used for
treating cardiovascular diseases and migraine in China for cen-
turies (China Pharmcopoeia). Chuanxiong essential oil (CXEO)
extracted from this herb is generally claimed to play the major
role in the haemodynamic and analgesic effects of Chuanxiong.
It was thought to be composed of many important biologically
active components (Xie et al. 2007) and was reported to have
properties of vasodilatation (Chan et al. 2007; Cao et al. 2006),
antiplatelet aggregation (Song et al. 2004), analgesic (Du et al.
2007), neuroprotection (Peng et al. 2007; Kuang et al. 2006),
antithrombotic and antiproliferation (Lu et al. 2006). In partic-
ular, the phthalides presented in large quantities in Chuanxiong
essential oil (CXEO) have been shown to have many pharma-
cological activities (Naito et al. 1995; Ko et al. 1997, 2002;
Matsumoto et al. 1998; Chong et al. 1999). Chuanxiong essen-
tial oil is taken orally in Chinese Medicine practice, but there
were reports about the low oral bioavailability of ligustilide, a
major ingredient in Chuanxiong essential oil contributing to the
therapeutic effects of Chuanxiong. The oral bioavailability of
ligustilide in rats, is only 2.6% which is partly due to extensive
first-pass metabolism in the liver (Yan et al. 2008). There are
also reports about another bioactive phthalide in Chuanxiong,
senkyunolide A, which showed that this compound is unstable
in the gut and undergoes extensive first-pass metabolism in the
liver, leading to a low oral bioavailability (Yan et al. 2007). These
reports provided important scientific data to challenge the valid-
ity of conventional p.o. administration for Chuanxiong essential
oil (Yan et al. 2008). Therefore, other administrative routes such
as intranasal administration, to avoid extensive first-pass effects
in the gut and the liver may be preferable.
Nasal administration offers many advantages such as avoid-
ance of first-pass metabolism and the fast onset of therapeutic

action (Illum 2000, 2003). Recently, focus has been on the nasal
mucosa as an alternate route to achieve higher and faster drug
absorption. The nasal mucosa is believed to be more perme-
able to compounds than the gastrointestinal tract due to lack
of gastric enzymatic activity, neutral pH of the nasal mucus
and avoidance of dilution by gastrointestinal contents. A num-
ber of drugs, including vasopressin, opiates, antihistamines and
corticosteroids are effectively administered intranasally (e.g.,
budesonide, triamcinolone, butorphanol, sumatriptan, mometa-
sone, beclomethasone) (Chrstensen et al. 2007).
In the treatment of neurological diseases, intranasal administra-
tion has attracted much attention in the past decades because
of its noninvasive route that can offer advantages such as rapid
absorption, avoidance of first-pass metabolism, ease of conve-
nience and self-mediation (Illum 2000, 2003). Consequently, the
nasal route may be important for drugs that are used for
the treatment of central system diseases. As a matter of fact,
the ‘nasal herbal stuff therapy’ has been used in the treatment
of headache for a long period in China. For example, the fresh
juice squeezed from the herbal leaves or herbal extracts was
snuffed up the nostrils and this was sometimes efficacious in
the treatment of headache (Liu et al. 2004). It was reported
that low molecular weight and lipophilic compounds can be
rapidly absorbed into the brain after nasal administration (Illum
2000, 2003). Therefore, following nasal administration, the
lipophilic phthalides in Chuanxiong essential oil may have ben-
eficial therapeutic effects at lower dose and have a faster onset
of action. In our laboratory, a HPLC-UV method was devel-
oped for the determination of ligustilide concentration in rat
brain sample after intranasal administration (Guo et al. 2009).
The result showed that ligustilide could be detected in rat brain
as soon as after 5 min of nasal administration; which showed
that ligustilide may have a rapid onset of action. In the present
study, the analgesic efficacy of essential oil after nasal adminis-
tration was tested and compared with conventionally used oral
administration in three mice experimental models: acetic acid
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Fig. 1: Effect of CXEO (Chuanxiong essential oil) on acetic acid-induced writhing
response in mice following i.n. and i.g. administration. Each mouse was
administered with CXEO (6.25, 12.5, 25 mg/kg) or vehicle (3% Tween 80)
through intranasal route 5 min before an intraperitoneal injection of 0.6%
acetic acid (0.1 ml/10 g bodyweight). For i.g. administration, CXEO
(200 mg/kg) or vehicle (3% Tween 80) was administered, and 5 min later,
0.6% acetic acid was injected. The number of writhing was recorded for
10 min after acetic acid injection. Each column represents mean (S.D.) of 15
mice. *P < 0.05 and **P < 0.01 versus control

writhing tests, hot plate tests and pentobarbital-induced sleep
model.

2. Investigations and results

2.1. Acetic acid-induced writhing response in mice

Fifteen minutes after oral administration of Chuanxiong essen-
tial oil, the number of writhing movements at doses of
100 and 200 mg/kg were 16.8 ± 7.3 and 13.7 ± 8.4 respec-
tively, which were significantly lower than that of the control
(23.0 ± 8.7). This data showed that Chuanxiong essential oil
dose-dependently reduced the number of acetic acid-induced
writhing movements in mice at 15 min following i.g. adminis-
tration.
In order to compare the onset time of Chuanxiong essential
oil after oral and nasal administration, the analgesic effi-
cacy was assessed at 5 min following drug administration.
Acetic acid was injected 5 min after the administration and
the number of acetic acid-induced writhing movements was
observed. The essential oil significantly reduced nociception by
acetic acid intraperitoneal injection in a dose-dependent manner
(6.25, 12.5 and 25 mg/kg) only 5 min after nasal administration
(Fig. 1). In contrast, Chuanxiong essential oil had no effect on
writhing movements 5 min after oral administration at doses
of 200 mg/kg. Therefore, in the acetic acid-induced writhing
model, Chuanxiong essential oil had faster onset of action (5 min
versus 15 min) and better analgesic efficacy (25 mg/kg versus
100 mg/kg) after i.n. administration in comparison with that by
i.g. route.

Fig. 2: Effect of CXEO (Chuanxiong essential oil) on hot-plate test in mice
following i.n. and i.g. administration. Each mouse was given a single dose of
CXEO or vehicle by i.n. (12.5, 25 and 50 mg/kg) or i.g. rout (200 and
400 mg/kg) and then the hot-plate latent response time of each animal was
recorded at 5, 30, 60 min. Each column represents mean (S.D.) of 15 mice.
*P < 0.05 and **P < 0.01 versus control

2.2. Hot-plate latent pain response test in mice

Fig. 2 shows that as early as 5 min after nasal administra-
tion, Chuanxiong essential oil significantly increased hot-plate
latency in a dose-dependent manner (12.5, 25 and 50 mg/kg).
And this efficacy lasted for 60 min at doses of 25 and 50 mg/kg.
While after i.g. administration, Chuanxiong essential oil had no
effect on hot-plate latency at doses of 200 and 400 mg/kg within
60 min.

2.3. Effect of Chuanxiong essential oil on potentiation
of pentobarbital-induced sleep in mice

Effects of pre-treatment with Chuanxiong essential oil on the
number of mice falling asleep, the sleep latency and dura-
tion induced by sodium pentobarbital (respectively, 24 and
40 mg/kg) are shown in Tables 1 and 2. The result showed that
at doses of 100 mg/kg, Chuanxiong essential oil could increase
the number of mice falling asleep, and also decrease the sleep
latency and prolong the sleeping time induced by pentobar-
bital. Diazepam, the positive control used in this study, also
potentiated pentobarbital hypnosis.

3. Discussion

Chuanxiong has been used clinically for treating cardiovascular
diseases and migraine in China for centuries. The essential oil
extracted from the herb is generally claimed to play the major
role in the haemodynamic and analgesic effects. In recent years,
several drugs containing Chuanxiong essential oil extract as the
primary ingredient have been approved to be used clinically. For
example, Quick Acting Heart Saving Pill (Chinese name, Suxiao
Jiuxin Wan), a product manufactured for sublingual delivery, has
become one of the five best-selling CM-based cardiovascular
products in China (Yan et al. 2008; Sun et al. 2002).

Table 1: Effect of CXEO on the onset and duration of sleep in mice induced by sub-hypnotic dosage of pentobarbital

Groups Dose (mg/kg) n Number of falling sleep Sleep latency (min) Sleeping time (min)

Normal 10 3 46.2 ± 22.3 5.8 ± 9.4
CXEO i.n. 25 mg/kg 10 4 41.0 ± 24.6 9.0 ± 12.7
CXEO i.n. 50 mg/kg 10 6 29.3 ± 26.4 20.0 ± 19.8
CXEO i.n. 100 mg/kg 10 6 31.7 ± 24.5 24.1 ± 23.3*

CXEO i.g. 100 mg/kg 10 1 55.1 ± 15.5 1.6 ± 5.05
DZP 3 mg/kg 10 9 9.3 ± 2.0 42.3 ± 21.1*

Mice received pentobarbital (24 mg/kg, i.p.) 5 min after the pre-treatment of CXEO (25, 50, 100 mg/kg, i.n.) and diazepam (3 mg/kg, i.g.). If mouse did not lose righting reflex in 1 h after injecting pentobarbital,
the sleep latency and the sleeping time were recorded 60 and 0 min, respectively. Sleep latency and time were expressed as the means ± S.D. (n = 10)
* P < 0.05,
∗∗P < 0.01, significant as compared to the normal group
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Table 2: Effect of CXEO on the onset and duration of sleep in mice induced by hypnotic dosage of pentobarbital

Groups Dose (mg/kg) n Number of falling sleep Sleep latency (min) Sleeping time (min)

Normal 10 10 11.1 ± 17.6 35.9 ± 23.1
CXEO i.n. 25 mg/kg 10 10 4.0 ± 1.3 54.8 ± 23.2
CXEO i.n. 50 mg/kg 10 10 5.3 ± 1.7 48.2 ± 19.6
CXEO i.n. 100 mg/kg 10 10 4.8 ± 2.5 56.8 ± 13.6*

CXEO i.g. 100 mg/kg 10 10 4.3 ± 1.6 44.3 ± 13.5
DZP 3 mg/kg 10 10 3.2 ± 0.9 81.7 ± 39.4*

Mice received pentobarbital (40 mg/kg, i.p.) 5 min after the pre-treatment of CXEO (25, 50, 100 mg/kg, i.n.) and diazepam (3 mg/kg, i.g.). If mouse did not lose righting reflex in 1 h after injecting pentobarbital,
the sleep latency and the sleeping time were recorded 60 and 0 min, respectively. Sleep latency and time were expressed as the means ± S.D. (n = 10)
* P < 0.05
∗∗ P < 0.01, significant as compared to the normal group

Nasal drug delivery offers many advantages over oral admin-
istration such as the fast onset of therapeutic action due to
the rapid absorption. Consequently, the nasal route may be
important for drugs that are used for the treatment of acute
central system diseases. In this study, the analgesic efficacy
and onset of action of essential oil through nasal route was
compared with that via the commonly used oral route. Our
results show that the onset of action of essential oil after
nasal administration is achieved as early as 5 min after dosing,
which demonstrates the fast onset of action of essential oil via
nasal route. After nasal administration, Chuanxiong essential
oil exhibited potent analgesic efficacy in acetic acid-induced
writhing model at doses of 25 mg/kg. Through the i.g. route,
Chuanxiong essential oil had analgesic efficacy at doses of
200 mg/kg 15 min after administration, which showed that
Chuanxiong essential oil had higher analgesic efficacy after
nasal administration than after i.g. administration.
The writhing test and hot-plate test were selected to investigate
the peripheral and central analgesic activities of Chuanxiong
essential oil, respectively. The results showed that Chuanxiong
essential oil exhibited both peripheral and central analgesic effi-
cacy after nasal administration.
In the test of pentobarbital-induced mice sleep, the sedative
effect of Chuanxiong essential oil after i.n. administration was
represented. It not only prolonged the sleeping time induced by
pentobarbital, but also decreased the latency of falling asleep
and increased the rate of sleep onset (Tables 1 and 2). In con-
trast, after oral administration, Chuanxiong essential oil did not
exhibit the sedative efficacy at dose of 100 mg/kg.
In summary, based on the result reported in this paper, it is
confirmed that Chuanxiong essential oil has faster onset of
action as well as more potent efficacy after nasal administra-
tion at lower dosage than by i.g. route. This result illustrates that
intranasal administration may act as a promising alternative to
conventional routes of administration which would improve the
therapeutic efficacy and reduce peripheral side effects of essen-
tial oil. This report also provides more scientific information for
further understanding of the clinical use of the herb.

4. Experimental

4.1. Plant, chemicals and reagents

Ligusticum chuanxiong Hort. (Umbelliferae) was cultivated and harvested
in Pengzhou Sichuan, China. Rhizoma Chuanxiong, derived from the rhi-
zome of Ligusticum chuanxiong Hort. was identified by the correspondence
author. The voucher specimens (No.NJUTCM-20080201) were deposited
in Nanjing University of Chinese Medicine.
All reagents used in the experiments were analytical grade and from com-
mercial sources. Distilled water was prepared in EPED Superpure water
purification system (Nanjing, China).

4.2. Extraction
Two hundred grams of dry Rhizoma Chuanxiong were transferred into a
5000 ml distillation flask. Two liters of distilled water were added and the

volatile oil distillation apparatus was set according to the Chinese Phar-
macopoeia; the mixture was distilled for 10 h. Oil was collected from the
condenser, dried over anhydrous sodium sulfate, and the recorded yield of
the sample was 0.25%. The concentration of ligustilide in essential oil was
determined by HPLC to be 225 mg/ml. As the condition used for the determi-
nation of ligustilide, the detector was operated at 322 nm. The mobile phase
consisted of A (0.3% aqueous acetic acid, v/v) and B (methanol). Gradient
elution was as follows: 30% B increased linearly to 90% B in 20 min, and
back to 30% B from 20 to 30 min, then maintained at 30% B for 10 min.
The flow rate was 1.0 ml/min.

4.3. Animal experiments

ICR female mice (18–22 g) were obtained form the Experimental Animal
Center of Nanjing Medical University (Nanjing). The animals were housed
in a temperature-controlled (22 ± 1 ◦C) animal room on 12 h light/dark
cycles with free access to food and water. Animal welfare and experimental
procedures were strictly in accordance with the Guide for the Care and Use of
Laboratory Animals (US National Research Council, 1996) and the related
ethics regulations of Nanjing University of Chinese Medicine. Chuanxiong
essential oil was formulated in normal saline containing 3% Tween 80 and
administered to mice nasal cavity (10 �l/20 g body weight) using a fine tip
attached to a micropipette.

4.4. Acetic acid-induced writhing response in mice

The writhing test was carried out as described by Nakamura et al. (1986).
The analgesic efficacy was assessed at 5 and 15 min following drug admin-
istration. Each mouse weighing 18–22 g was administered with Chuanxiong
essential oil (6.25, 12.5, 25 mg/kg) or vehicle (3% Tween 80) through
intranasal route 5 min before an intraperitoneal injection of 0.6% acetic acid
(0.1 ml/10 g bodyweight). For i.g. administration, Chuanxiong essential oil
(200 mg/kg) or vehicle (3% Tween 80) was administered, and 5 or 15 min
later, 0.6% acetic acid was injected. The number of writhing movements was
recorded for 10 min after acetic acid injection. Mice of the positive control
group were given Celebrex® (3 mg/kg) by i.g route, and 60 min later, 0.6%
acetic acid was injected.

4.5. Hot-plate latent pain response test in mice

The hot-plate test was carried out according to the method of Eddy and
Leimback (Eddy et al. 1953). Each female mouse weighing 18–22 g was
placed on a 55 ± 0.5 ◦C hot-plate to observe its pain responses (hind-paw-
licking or jumping). Before determination each mouse was first habituated
to the hot-plate twice. The latent time before the occurrence of the pain
response was recorded as an analgesic parameter. Untreated mice with a
background latent response time shorter than 10 s or longer than 30 s were
excluded from the study. Each mouse received a single dose of Chuanxiong
essential oil or vehicle by i.n. (12.5, 25 and 50 mg/kg) or i.g. rout (200
and 400 mg/kg) and then the hot-plate latent response time of each animal
was recorded at 5, 30, 60 min. Mice of the positive control group received
pethidine intraperitoneally (25 mg/kg).

4.6. Potentiation of pentobarbital-induced sleep in mice

In this test, Chuanxiong essential oil or vehicle was administered intranasally
(25, 50, 100 mg/kg) or orally (100, 200 mg/kg) 5 min before the test. Follow-
ing the pentobarbital injection (40 mg/kg pentobarbital was used as hypnotic
dosage and 24 mg/kg was used as sub-hypnotic dosage through i.p. injec-
tion), each mouse was observed for the sleep onset, with mice that lost
righting reflex over 1 min was considered to be asleep. The sleeping latency
was recorded from the injection of pentobarbital to the sleep onset and the
sleeping time was recorded from the loss of righting reflex to recovery.
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4.7. Statistical analysis

Results were expressed as mean ± S.D. Statistical analyses were performed
by Student’s t-test. P < 0.05 was considered as statistically significant.
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