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Abstract: This study aims to investigate the anxiolytic effects of essential oil from S. miltiorrhiza in rats. The elevated 
plus maze test and the social interaction test were performed to evaluate the anxiolytic effects of essential oil. The 
levels of noradrenaline (NE), dopamine (DA) and serotonin (5-HT) in cerebral cortex of rats as well as the plasma cor-
ticosterone (CORT) level were examined in the rats with the treatment of essential oil. The rota-rod test was carried 
out to exclude any false positive results in experimental procedures related to anxiety disorders. The catalepsy test 
was carried out to investigate whether essential oil induces the catalepsy. Our results showed that oral administra-
tion of essential oil increased the percentage of time spent in the open arms and increased the number of entries to 
the open arms in the elevated plus maze test. Oral administration of essential oil also increased the time for social 
interaction in rats. No apparent extrapyramidal symptom (EPS) was observed in the animals with essential oil treat-
ment. The effect of essential oil in the intracellular chloride (Cl-) concentration in the cultured human neuroblastoma 
cells was assessed. Treatment with essential oil (50-100 mg/kg) increased intracellular Cl- concentration in the cell 
culture in a dose-dependent manner, suggesting the involvement of GABAA receptor-Cl- ion channel. Together, our 
data indicate an anxiolytic effect induced by the essential oil from S. miltiorrhiza. 
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Introduction 

Anxiety disorders are among the most common 
mental disorders with approximately one-
eighth of the world population affected at some 
point in their life [1]. Anxiolytics or anti-anxiety 
agents are drugs used to relieve anxiety and 
manage its related psychological and physical 
symptoms [2]. The anxiolytic drugs usually act 
as depressors of the central nervous system. In 
the search for new therapeutic products for the 
treatment of neurological disorders, medicinal 
plants have shown the pharmacological effec-
tiveness of in a variety of animal models [3-5]. 
Currently, studies on herbal medicine as com-
plementary and alternative medicine (CAM) for 
mild to moderate anxiety disorders are becom-
ing popular and accepted world-widely [6]. The 

Salvia genus contains over 900 species, three 
of which, S. officinalis, S. lavandulaefolia and S. 
miltiorrhiza are particularly notable for their 
reputed beneficial effects on behavioral func-
tion, including treatment for depression, memo-
ry disorders and age-related memory decline 
[3, 7]. Several Salvia species are capable of in 
vitro inhibition of both butyrylcholinesterase 
(BuChE) and acetylcholinesterase (AChE) [8, 9]. 
Similar effects are also observed in vivo, at 
least for AChE, suggesting that relevant compo-
nents of Salvia can cross the blood-brain barri-
er and increase cholinergic transmission via 
cholinesterase inhibition [7]. A series of studies 
have shown that both S. lavandulaefolia and S. 
officinalis possess properties potentially rele-
vant to the attenuation of the cognitive decline 
associated with the downregulation of the cho-
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linergic system seen in natural aging and 
dementia [10-13]. However, so far, the use of S. 
miltiorrhiza for the treatment of disorders in the 
central nervous system (CNS) had not been 
carefully studied. 

S. miltiorrhiza is officially listed in the Chinese 
Pharmacopoeia and is used widely and suc-
cessfully in clinics in China [14-16]. Over the 
last 50 years, the chemical constituents and 
biological activities of S. miltiorrhiza have been 
well studied [17, 18]. According to their struc-
tural characteristics and physical/chemical 
properties, the constituents of S. miltiorrhiza 
have been divided into two groups. The first 
group contains phenolic acids such as salviano-
lic acid, which are water-soluble. The second 
group contains abietane type-diterpene qui-
none pigments such as tanshinone I, tanshi-
none IIA and tanshinone IIB, which are more 
lipophilic [19]. However, the essential oil con-
stituents derived from S. miltiorrhiza and its 
therapeutic basis are poorly understood. An 
increasing number of studies have shown that 
essential oils can decrease anxiety-related 
behavior in humans and animals [20, 21]. The 
aromatic plant-derived essential oils exhibit a 
variety of biological properties, such as mood 
enhancement, pain relief, and improved cogni-
tive function [22, 23]. Therefore, essential oil 
has been used in complementary and tradition-
al medicine units as well as primary care set-
tings [24]. The present work investigated the 
anxiolytic effect produced by the essential oil 
from S. miltiorrhiza with in vivo and in vitro 
approaches.

Material and methods

Animals

Adult male Sprague Dawley (SD) rats (225 ± 25 
g) were used in the study. Rats were housed in 
a temperature (22 ± 2°C) controlled animal 
room on a 12/12 h of light/dark illumination 
cycle with free access to food and water. The 
rats were divided into 5 groups (10 animals per 
group): (1) vehicle group (received 0.9% NaCl); 
(2) diazepam group (diazepam, 1.5 mg/kg); (3) 
EO-50 group (essential oil, 50 mg/kg); (4) 
EO-100 group (essential oil, 100 mg/kg); (5) 
EO-200 group (essential oil, 200 mg/kg); The 
animals were treated orally 60 min before the 
test.

The experimental procedures were in accor-
dance with the guidelines of animal bioethics 
from The Act on Animal Experimentation and 
Animal Health and Welfare from Romania and 
all procedures were in compliance with Directive 
2010/63/EU of the European Parliament and 
of the Council of 22 September 2010 on the 
protection of animals used for scientific pur-
poses. This study was approved by the local 
ethics committee and also, efforts were made 
to minimize animal suffering.

Isolation of essential oil (EO) 

The aerial parts of S. miltiorrhiza were air-dried 
to a course powder. The oils were isolated by 
hydrodistillation using a Clevenger-type appara-
tus for 3 h according to the method recom-
mended in the Chinese Pharmacopeia [25]. 
The essential oil was dried with anhydrous sodi-
um sulfate and stored at 4°C until analysis.

Identification of components of essential oil

Identification of the components of the essen-
tial oil was based on GC retention indices rela-
tive to n-alkanes and computer matching with 
the Wiley 275 L mass spectra library [26]. In 
addition, the analysis included comparisons of 
the fragmentation patterns of the mass spec-
tra to those reported in the literature [27]. 

Animal experiments 

An appropriate amount of essential oil was 
diluted with distilled water (containing 2 drops 
of Tween-80 per 10 ml) to produce the final 
working concentration for pharmacological 
tests. Diazepam ampoules (10 mg/2 ml; 
Northeast Pharmaceutical Group Co., Ltd, 
China) were used as known anxiolytic drugs 
and were diluted to an appropriate concentra-
tion using normal saline containing 0.5% 
Tween-80. The animals were treated orally with 
control (0.9% NaCl), diazepam (1.5 mg/kg) or 
essential oil (50, 100 and 200 mg/kg respec-
tively) 60 min before the tests.

Plus maze test

Animals were placed in the center of the maze. 
The time spent on open arms (each 49 cm long, 
10 cm wide; elevated 50 cm from the ground) 
was used as an index of anxiety [28]. Anxiolytic 
activity was evaluated by the time spent in 
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Table 1. Percentage composition of the essential oil from S. miltiorrhiza analyzed by GC-MS 

No. tR/ 
min Compound %

1 8.75 Phenyl-acetaldehyde 2.74

2 10.14 4, 6-Dimethyldodecane 0.26

3 12.39 Nonylcyclopropane 0.07

4 13.73 Myrtenol 0.10

5 15.60 Tetradecane 0.04

6 16.16 1, 7, 7-Trimethyl-bicyclo[2.2.1]hept-2-ylester 0.10

7 16.26 Bornyl acetic ether 0.14

8 16.66 8-Methylheptadecane 1.30

9 16.89 Cis-3-Methylcyclohexanol 0.08

10 19.26 3, 4-Dihydro-. alpha. -ionone 0.05

11 20.33 2, 4a, 5, 6, 7, 8, 9, 9a-Octahydro-3, 5, 5-trimethyl-9-methylene-,(4aS-cis) -1H-benzocycloheptene 0.31

12 20.35 Caryophyllene 0.74

13 20.48 Crocetane 0.04

14 20.59 n-Pentadecane 0.10

15 21.23 α-Caryophyllene 0.20

16 21.63 Heptadecane 0.12

17 21.71 9-Methylnonadecane 0.04

18 21.94 -D Germacrene D 0.15

19 22.02 β-Sesquiphellandrene 0.09

20 22.50 2, 4-Di-tert-butylphenol 1.27

21 23.85 (-) -Isoledene 0.17

22 23.93 Trans-Nerolidol 0.14

23 24.07 Tetradecylaldehyde 0.06

24 27.48 cis,. alpha. -Santalol 0.22

25 35.06 Naphthalene 0.63

26 35.31 3-Methyl-2-pent-2-enyl-cyclopent-2-enone 1.31

27 35.92 8-Hexylpentadecane 0.10

28 36.23 Cupressene 0.26

29 36.28 γ-Gurjunenepoxide 0.17

30 36.63 9, 9’-Biphenanthrene, octacosahydro- 0.34

31 36.82 β-Humulene 0.33

32 37.51 2-Furoicacid, 2-methyloct-5-yn-4-yl ester 0.45

33 38.07 2-(7-Heptadecynyloxy) tetrahydro-2H-pyran 0.57

34 38.81 7-Isopropyl-1, 1,4a-trimethyl-1, 2, 3, 4, 4a, 9, 10, 10a-octahydrophenanthrene 12.32

35 38.85 Kaurene 0.32

36 39.17 1-Naphthalenepropanol, alpha. -ethenyldecahydr-. alpha. , 5, 5, 8a-tetramethyl-2-Methylene-, [1S-[1. alpha. (R), 4a. beta, 8a, alpha.] 17.37

37 39.52 Acetate, (2, 4a, 5, 8a2tetramethyl-1, 2, 3, 4, 4a, 7, 8, 8a-Octahydro-1-naphthalenyl) ester 1.21

38 40.35 Humulane-1, 6-dien-3-ol 14.12

39 40.53 4, 4-Dimethy-5-androstene 0.20

40 41.15 n-Heneicosane 0.50

41 42.45 α-Retinene 0.40

42 42.58 4a, 7, 7, 10a-Tetramethyldodecahydrobenzo[f]chromen-3-ol 0.15

43 42.71 10, 12, 14-Nonacosatriynoicacid 0.87

44 43.12 Andrographolide 0.39

45 44.10 n-Docosane 0.67

46 44.69 3-Methyl-5-(1,4,4-trimethylcyclohex-2-enyl) pentan-1-ol 0.11

47 45.83 4, 4-Dimethyl-androsta-5, 7-diene 0.26

48 45.96 13, 15-Octacosadiyne 0.17

49 46.90 Ferruginol 35.26

50 49.72 n-Hexatriacontane 0.97
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open arms or the chances staying in open arm 
entries.

Social interaction test 

Social interaction test was conducted as previ-
ously described [29]. Social interaction of an 
experimental rat was evaluated in a 10-min 
task by crawling over or under, sniffing, follow-
ing with contact, genital investigation, tumbling, 
boxing, or grooming within an open field appa-
ratus. Data were expressed as cumulative time 
of the social interaction behavior. 

Rota-rod test

Immediately after the social interaction test, 
each rat was placed on the apparatus to regis-
ter the total time staying on the rotating bar in 
three successive trials with a total time of 1 
min. To avoid to take into account the inability 
to stay on the rotating rod, rats were pre-select-
ed 1 h before the test on the rotating rod (8 cm 
in diameter, 6 r.p.m.). Those staying on the 
rotating road for 2 min (approximately 95% of 
animals) were placed again on the same rotat-
ing rod to perform rota-rod procedure. 

Catalepsy test

Catalepsy test was carried out as described 
previously [30]. Briefly, the rat forelimbs were 
placed on a horizontal metal bar, and the time 
during which both forelimbs remained on the 
bar was determined. If the animal maintained 
the imposed posture for at least 20 seconds, it 
was considered to be cataleptic and given one 
point. One extra point was given for every addi-
tional period of 20 seconds that the cataleptic 
posture was maintained. The animals were 
tested twice with 30 min intervals and only the 
greater duration of posture maintenance was 
considered. 

Estimation of cortex monoamines and plasma 
corticosterone

Immediately after catalepsy testing, rats were 
decapitated and trunk blood was collected. The 
blood samples were centrifuged at 3,000× g 
for 10 min, and plasma was collected and 
stored at -20°C and for later use. Whole brain 
tissues were stored at -80°C. The concentra-
tions of noradrenaline (NE), dopamine (DA) and 
serotonin (5-HT) were detected from brain tis-
sues with high-performance liquid chromatog-
raphy (HPLC) by using method described [31]. 
Plasma corticosterone levels were examined by 
HPLC-internal standard method [32].  

Intracellular Cl- measurement

Human neuroblastoma SH-SY5Y cells (Shang- 
hai Yanyu Co., Ltd, China) were cultured in mini-
mum essential medium (MEM) supplemented 
with 10% fetal bovine serum (FBS) in a humidi-
fied incubator of 95% air and 5% CO2 at 37°C. 
The cells were washed twice and suspended at 
a concentration of 4 × 105 cells/ml in Hank’s 
solution. Cells were incubated overnight with 
the N-(6-Methoxyquinolyl) acetomethylester 
(MQAE) and/or essential oil in a final concentra-
tion of 5 mM at room temperature. Fluorescence 
(365 nm excitation and 450 nm emission) of 
well-stirred samples was monitored in a 
cuvette. Data were presented as relative fluo-
rescence F/F0, where F0 is minimize fluores-
cence without chloride (Cl-) ions and F is the 
fluorescence as a function of time [33]. 

Statistical analyses

Data were analyzed by a one-way analysis of 
variance (ANOVA). The differences between 
means were analyzed by Duncan’s multiple-
range test. The data were presented as the 
mean ± SEM. The P value (<0.05) was used as 
the standard for statistical significance.

Results

Chemical composition 

The identified components of the essential oil 
and their percentages were shown in Table 1. 
The components were listed in order of their 
elution from the RTx-1MS column. The essen-
tial oil of S. miltiorrhiza consisted of at least 50 
components, which accounted for 99.3% of the 
total mass of essential oils (Table 1). The main 

Table 2. Effect of EO on motor coordination 
evaluated by the rota-rod test
Different groups Motor impairment*
Diazepam group 1/8
Vehicle group 2/6
EO-50 group 1/6
EO-100 group 1/7
EO-200 group 0/8
*Results are expressed as the fraction of total animals 
in each experimental group that were unable to perform 
the test.
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components of the essential oil were ferru- 
ginol (35.26%), 1-naphthalenepropanol, α- 
ethenyldecahydro-α, 5, 5, 8a-tetramethyl-
2-methylene-, [1S-[1α(R), 4αβ, 8aα]] (14.12%) 
and humulane-1 (17.37%). 

Anxiolytic effects of EO in plus maze test 

The plus maze test was conducted to evaluate 
anxiolytic effect of EO. It was found that the 
percentage of time spent in the open arms 
increased significantly in EO100 and EO200 

groups as compared with control group (Figure 
1A). Also the number of entries to the open 
arms increased in EO100 and EO200 groups as 
compared with controls (Figure 1B). There was 
no change of the percentage of time spent in 
the poem arms (P>0.05), and no change of 
number of entries into the open arms in DO50 
group compared to control group (P>0.05).

EO increases social interaction time

The social interaction test is a valuable behav-
ioural model for testing anxiolytic and neurolep-

Figure 1. A. The percentage of the time spent in the open arms in diazepam group, vehicle group and EO-50, EO-100 
and EO-200 groups. B. The number of entries into open arms in diazepam group, vehicle group and EO-50, EO-100 
and EO-200 groups. Values are shown as means ± SEM. *Denotes the P<0.05 as compared to vehicle group.

Figure 2. The social interaction time in diazepam 
group, vehicle group and EO-50, EO-100 and EO-
200 groups. Values are shown as means ± SEM. 
*Denotes the P<0.05 as compared to vehicle group, 
**denotes the P<0.01 as compared to vehicle group.

Figure 3. The levels of plasma corticosterone in diaz-
epam group, vehicle group and EO-50, EO-100 and 
EO-200 groups. Values are shown as means ± SEM. 
*Denotes the P<0.05 as compared to vehicle group, 
**denotes the P<0.01 as compared to vehicle group.
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tic drugs. The results for time spent in social 
interaction were illustrated (Figure 2). The inter-
action time was significantly increased in 
EO-100 (P<0.05) and EO-200 group (P<0.01) 
as compared to the vehicle group.  

Anxiolytic effects of EO in rota-rod test

The rota-rod test was carried out to measure 
locomotor impairment in rats. It was found that 
the proportion of animals in EO50, EO100 or 
EO200 group did not differ statistically from the 
vehicle group (Table 2), indicating an absence 
of treatment-induced motor impairment. 

Anxiolytic effects of EO in catalepsy test

Most antipsychotic drugs induce frequent 
extrapyramidal symptoms, and they often 
require concomitant medication with anti-Par-
kinson’s agents [34-36]. The catalepsy test 
was then conducted. There is no reduction of 
cataleptic scores in EO50, EO100 or EO200 
groups as compared to vehicle group. There 
was also no difference of cataleptic score 
between Diazepam group and vehicle group 
(Table 3). 

Anxiolytic effects of EO on 
the levels of NE, DA and 
5-HT

The influences of EO on the 
levels of NE, DA and 5-HT  
in cerebral cortex, as well  
as plasma corticosterone 
were examined. There was 
significant decrease of NE, 
DA, and 5-HT levels in cor-
tex in the diazepam group 
as compared to the vehicle 
rats (P<0.01). There was 
significant decrease in NE, 
DA, and 5-HT levels in 

Figure 4. Intracellular Cl- concentration in the cultured human neuroblastoma 
cells with EO (50, 100 or 200) treatment.

Table 3. Effect of EO on catalepsy test
Different groups Scoring (point)*
Diazepam group 16.3±0.5 
Vehicle group 14.2±0.6 
EO-50 group 18.8±0.8 
EO-100 group 16.0±0.9 
EO-200 group 17.3±0.7 
*Values are shown as means ± SEM.

EO100 or EO200 groups as compared to the 
vehicle group (Table 4). In addition, the levels of 
plasma corticosterone in EO100 and EO200 
groups were lower than that in vehicle group 
(P<0.05 and P<0.01 respectively) (Figure 3).

Intracellular Cl- measurement assay

To explore the possible neuronal inhibition 
mediated by Cl- influx, the effect of EO on intra-
cellular Cl- concentration in cultured human 
neuroblastoma cell was examined. There was 
an increase of F/F0 ratio at 100 s EO treatment 
compared to 50s treatment in the EO50, EO100 
or EO200 groups (Figure 4). Prolonged EO treat-
ment (>100 s) did not further increase the F/F0 
ratio. 

Discussion

We present here the evidence in support of the 
anxiolytic effect of essential oil isolated from S. 
miltriorrhiza in rats. 

Studies have demonstrated that the aromatic 
plant-derived essential oils exhibit a variety of 
biological properties [22-24]. The inhaled aro-
mas from the essential oils are believed to be 
useful for a vast array of symptoms and condi-
tions and a large body of published literatures 
have generally focused on the human brain and 
emotions [22-24, 37, 38]. The present study 
shows that the extract of essential oil of S. milt-
iorrhiza produces anxiolytic-like effects in rats. 
Furthermore, the essential oil of S. miltiorrhiza 
induced the increased of intracellular Cl- con-
centration in cultured human neuroblastoma 
cells, suggesting that its anxiolytic effects are 
probably mediated through a GABAergic mech-
anism of action.
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The elevated plus-maze test is one of the most 
widely accepted tests for measuring anxiety in 
rats [39]. The social interaction test is a valu-
able behavioral model for testing anxiolytic and 
neuroleptic drugs [40]. We applied these two 
classical methods to estimate anxiolytic effects 
of the essential oil of S. miltiorrhiza. Our results 
demonstrate that treatment with EO induces 
anxiolytic-like performance, including the 
increase of the percentage of the time spent in 
the open arms, the increase of number of 
entries into open arms, and the recovery of the 
normally short interaction time.

The activation of hypothalamic-pituitary-adre-
nocortical (HPA) axis is a key feature of the 
physiological responses to anxiety [41]. The 
monoamine neurotransmitters NE, DA and 
5-HT in cerebral cortex are involved in generat-
ing symptoms of anxiety [42]. The interplay 
between NE and 5-HT systems might play the 
prominent role in the regulation of anxiety [43]. 
We showed that EO treatment clearly reduces 
the elevation of cortex monoamine levels. 
Therefore, the effects of EO on brain mono-
amine levels might be involved in the mecha-
nisms of anti-anxiety. Furthermore, EO treat-
ment markedly inhibits the elevation of plasma 
corticosterone, which is also an indication of 
activation of HPA axis during anxiety. 

Activation of Cl- influx leads to hyperpolarization 
of neurons and inhibition of excitability. EO 
treatment of cultured human neuroblastoma 
cells increases intracellular Cl- concentration, 
supporting the anxiolytic-like effects observed 
in the animal tests. In addition, EO displays a 
dose-dependent manner in the increase of 
intracellular Cl- concentration. Our data indi-
cate that the chloride channels, such as GABA 
receptors, would be a potential target of EO in 
mediating the anxiolytic-like effects.

Conclusion

We demonstrate here that oral 
administration of essential oil of S. 
miltiorrhiza presents the anxiolytic-
like effects in rats. The oral admin-
istration of essential oil does not 
induce extrapyramidal symptom. 
Essential oil treatment increases 
intracellular chloride concentration, 
indicating GABAA receptor Cl- chan-
nel would be a potential target for 
induction of anxiolytic effect.
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