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ABSTRACT

 Achillea biebersteinii (Asteraceae) is used in traditional medicine for treating abdominal pain, 
menstrual pain and headache. The analgesic, antidepressant and anxiolytic activities of this plant 
were studied. Moreover, molecular docking technique was used for plant constituents to determine 
their energy of binding against GABAA and GABAB receptors. A. biebersteinii decreased flinching 
in early and late phases of formalin test and increased the latency time in hot plate test. In forced 
swimming test, no difference in immobility time was found. In open field test, high doses decreased 
the crossed lines number and rearing behavior. A. biebersteinii increased the time that the animals 
spent in the open arm side of elevated plus maze apparatus. Both bicuculline and SCH 50911 reversed  
A. biebersteinii action. Lavndulyl-2-methylbutanoate and sesquisabinene hydrate, showed the lowest 
binding energies for both GABAA and GABAB receptors. In conclusion, A. biebersteinii exerted 
analgesic, anxiolytic but no antidepressant activity. Its effect involved interaction with GABAA and 
GABAB systems. 

Keywords: Achillea biebersteinii, Molecular docking, Anxiolytic, Antidepressant,  
Analgesic, GABA receptor.

INTRODUCTION

 Disorders of depression and anxiety are 
considered the most common psychiatric and 
behavioral problems1. World Health Organization 
(WHO) reports show that the number of people 
suffering from anxiety disorders worldwide reaches 
400 million2. Recently, discovery of new anxiolytic 
and antidepressant drugs have gained great 
attention due to the impact of depression on the 
life of patients as it can lead to suicidal attempts3. 

Furthermore, side effects of the available anxiolytic 
and antidepressant drugs are serious. For example, 
the anxiolytic drugs benzodiazepines cause 
confusion, tolerance amnesia, aggression, physical 
dependence and decline of cognitive functioning as 
well as psychomotor impairment4. Antidepressants 
can lead to insomnia as well as gastrointestinal and 
sexual problems1. This can harm the patient or lead 
to the discontinuation of medication. 

 The use of  herbal medicines is preferred 
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in many aspects due to the advantages of being 
inexpensive, more culturally acceptable and because 
they have less side effects to the human body5,6. It 
is well-established that botanical natural products in 
traditional medicine are efficient in treating anxiety 
and other similar disorders in humans7. For example, 
many essential oils of plants have anxiolytic and 
analgesic effects8. In addition, the well-known 
analgesic drugs morphine, codeine and capsaicin 
are all of plant origin9. Therefore, the search for safe 
medicines from natural products is a remarkable 
challenge for current research10.

 The genus achillea comprises 85 species. 
Many of Achillea species are considered endemic 
types  to the Middle East and Europe11. These 
species are used in cosmetics, fragrances and as 
folk remedies for different purposes such as wounds 
and abdominal pain. Achillea biebersteinii Afan. 
(Asteraceaeis) is used to treat abdominal pain, 
menstrual pain, stomachache, headache, wounds, 
cold and haemorrhoids12,13. A recent study has 
reported that A. biebersteinii posseses anxiolytic 
activity in scopolamine-induced amnesic rat model14. 
It is well known that anxiolytic drugs may interact 
with and influence brain γ-aminobutyric acid (GABA) 
levels and neurotransmission. Interaction with GABA 
receptors was reported for several Achillea spp. such 
as for A fragrantissima15.  However, it is not known yet 
if such an interaction exists between A. biebersteinii 
and GABAergic systems. This study investigates 
this aspect and tests whether this interaction 
mediates the previously reported analgesic activity of  
A. biebersteinii. 

MATERIALS AND METHODS

Plant extraction and identification of chemical 
constituents 
 A. biebersteinii flowers were collected in 
the wild from Salt region (Jordan) during May 2015. 
The classification of the plant was confirmed by 
Prof. Barakat Abu-Irmaileh, Faculty of Agriculture/
The University of Jordan. A voucher specimen was 
preserved at the Laboratory of Graduate Studies in 
Al-Ahliyya, Amman University (Ast#5-2015).

 Flower extract was prepared by grinding 
the flowers and soaking them in 96% methanol at 
room temperature for 72 hours. The solvent was 
evaporated at low pressure at a temperature not 

exceeding 45oC. The dry extract was stored at -20°C. 
On the day of experiment, the extract was dissolved 
in sterile saline before use. Gas chromatography-
mass spectrometry (GC-MS) analysis of the flower 
extract was performed. The details of the analysis 
method are described in our previous work16. Also, 
the chemical constituents were fully identified. 
Briefly the identified compounds were: thymol 
(0.8%), p-cymene (1.11%), linalool ( 0.35%), trans-
sabinene (0.9%), terpinene-4-ol (0.51%), ascaridole 
(43.22%), iso-ascaridole (37.87%), alpha-terpenine 
(0.2%), lavndulyl-2- trans-sesquisabinene hydrate 
(1.2 %), pentacosane(N-) (1.78%), nerol (0.48%), 
hexadecene (0.7%), 1.8-cineol (0.8%), sabinene 
(0.2%), eugenol (1.13%), hexadecenoic acid 
(0.67%), methylbutanoate (1.01%), cis-piperitone 
epoxide (0.44%), gamma-eudesmol (0.8%) trans-
piperitone epoxide (0.9%) tricosane (N-) (1.8%), 
carvacrol (1.6%), hexadecenoic acid methyl ester  
(0.6%), and octadecene (0.38%).

Drugs
 Butoxamine and bicuculline were purchased 
from Sigma-Aldrich, US. Clomipramin hydrochloride 
was obtained from Novartis, Switzerland. Diclofenac 
sodium from Diclopan, Taiwan. Indomethacin 
was purchased from DAD company, Jordan and 
diazepam was brought from Medochemie LTD, 
Cyprus. Yohimbine and SCH 50911 (2S)-(+)-5,5-
dimethyl-2-morpholineacetic acid) were from Tocris 
Bioscience, UK. All drugs were dissolved in sterile 
normal saline except bicuculline that was suspended 
in 1% carboxy methyl cellulose.

Experimental animals 
 BALB/c mice were brought from the animal 
room at Al-Ahliyya Amman University, Amman, 
Jordan. Female mice weighing 20-23 g were used. 
Animals were kept at 23±2oC with a cycle of light 
and dark (12 h each). Water and food pellets were 
provided according to the standards of the animal 
care. Adaptation of mice to the laboratory conditions 
was allowed for at least 2 h  before tests. All aspects 
of the research described here were carried out  
in accordance with the Jordanian Animal Welfare 
By-Law No. (11) published in 2010. The research 
was accepted by the ethical committee at Al-Ahliyya 
Amman University and was given the ethical approval 
number AAU-2/4/2018. 
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Paw-licking test
 Mice (9 animals per group) were injected 
intraperitoneally (i.p) with vehicle (sterile normal 
saline), 300 mg/kg, 400 mg/kg, 500 mg/kg  
A. biebersteinii methanolic flower extract or 50 mg/kg 
indomethacin (positive control) 30 min before formalin 
injection. The doses of antagonists and injection time 
were selected based on previous studies as the 
following: Yohimbine 1 mg/kg17, butoxamine 8 mg/
kg18, bicuculline 4 mg/kg19. Yohimbine, butoxamine 
and bicuculline were administered 15 min before 
extract while SCH 50911 (10 mg/kg) was given 30 
min before formalin injection according to Rawls  
et al.,20. Paw licking test was carried out as in the 
method of Hunskaar et al.,21 20 µl formalin (2.5%) 
was administered to the left hind paw of the animal 
via intraplantar injection. The behavior of animals 
was recorded by video. The time spent in flinching 
and licking responses was measured in early phase 
(the first 5 min) and late phase (the last 5 min) of 
formalin test (30 minutes).

Hot plate test
 Mice were divided into different groups with 
12 mice in each  group. Plant extract or vehicle were 
given 30 min before the test. Bicuculline (4 mg/kg) 
was administered 15 min before extract while SCH 
50911 (10 mg/kg) was given 30 min before extract. 
Each animal was placed into a glass beaker on a 
hot plate that was kept at 55±1oC. The time between 
starting the test and its first jump was considered 
as a reflection of the latency of pain. To avoid tissue 
damage in mice, a cutoff time of 60s was used.

Forced swimming test (FST)
 The test was performed pursuant to the 
method published in Porsolt et al.,22 with some 
modifications. Plant extract or vehicle were given 
half an hour before the test. Mice (10 per group) 
were forced to swim individually, in 10 cm wide glass 
container. The 25 cm height container was filled with 
water (25±1°C). The swimming during a 5 min test 
was recorded in a noise and light-controlled room. 
The immobility time was recorded for 3 min after  
2 min from the beginning of swimming. Each animal 
was considered to be immobile when it stopped 
struggling or only made the necessary movements 
for floating with its head above water. 

Open-Field Test (OFT)
 The ambulatory behavior was tested in 

the OFT according to Royce23. Mice were adapted 
to the laboratory conditions for about 2 hours. Plant 
extract or vehicle were given 30 min before the 
test. Bicuculline (4 mg/kg) was administered 15 
min before extract while SCH 50911 (10 mg/kg) 
was given 30 min before extract. The open–field 
apparatus consisted of a 30 cm x 40 cm and 20 cm 
high. The floor was partitioned to 20 equal squares. 
The number of squares that each animal crossed 
and the times of rearing (i.e. when the mouse stood 
on the hind paws) was recorded during a period of 
3 minute. The floor of the apparatus was cleaned 
between trials using 70% ethanol to eliminate the 
effect of odors left by previous mice. The test was 
carried out at room temperature (23 ± 2°C) in a light 
and noise-controlled room. Ten mice were used per 
group.

Elevated plus maze test
 Each animal was placed facing one of the 
closed arms of the elevated plus maze (50 cm above 
ground) and tested only once. Each closed and open 
arm was 10 cm long and 5 cm wide. Plant extract or 
vehicle were given 30 min before the test. Bicuculline 
(4 mg/kg) was administered 15 min before extract 
while SCH 50911 (10 mg/kg) was given 30 min 
before extract. Mice were video recorded by camera 
for 5 minute. Eight animals were used per group. 
Entry into an arm was considered when all four feet 
of the mouse enter into that arm. The time spent, 
totally, in both arms (open and closed arms) was 
recorded. The percentage of time spent in open 
arm was calculated (time in which the animal stays 
in open arm/ total time of the test * 100). 

Molecular docking
 The following software packages were 
utilized in this project:
1. ACD/ChemSketch, (www.acdlabs.com)24

2. Autodock 4.225

3. Biovia Discovery Studio visualizer (http://
accelrys.com)

 To understand the mechanism of action 
for plant constituents, docking simulations were 
performed on CryoEM structure of of GABAA (PDB 
code: 6HUO26) and X-Ray crystal structure of GABAB 
(PDB code: 4MS427). Plant constituents have been 
drawn and saved as mol2 files by ChemSketch 
software and then converted to pdb files. Ligand 
files in pdb format were prepared by AutoDockTools. 
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Each compound was opened seperately, charges 
were added, and all hydrogen atoms were merged. 
Molecular docking simulations of the compounds 
were performed utilizing AutoDock 4.2. Kollman and 
Gasteiger charges were added to both proteins and 
plant compounds respectively. A set of grid maps were 
created, using AutoGrid 4 (The Scripps Research 
Institute, San Diego, CA, USA). A grid box was then 
utilized to select which area of the protein structure 
to be mapped. The size of the box was set to 15, 
15 and 15 Å (x, y and z, respectively). Lamarckian 
genetic algorithm (LGA) was used for optimizing and 
minimizing energy during docking simulation.

RESULTS AND DISCUSSION

Paw-licking test
 In paw licking test, all tested doses of  
A. biebersteinii extract reduced flinching reactions 
and paw licking in early and late phases of formalin 
test (Fig. 1a & b). The percentage inhibition of 
flinching behaviour of indomethacin-treated mice 
(50 mg/kg) was not statistically different from that 
of A. biebersteinii extracts-treated group in the two 
phases of formalin test (early and late). Yohimbine 
and butoxamine did not abolish the effect of  
A. biebersteinii extract while both bicuculline and 
SCH 50911 reversed its action only in the late phase 
of formalin test (Figure 1b). 

 In our previous work, the antinociceptive 
activity of A. biebersteinii was studied in 3 pain 
models: tail flick, writhing test and formalin test. In 
the current investigation, the possible involvement 
of GABA receptors as a mechanism by which  
A. biebersteinii extract exerted its action was studied 
in chemical (formalin test) and thermal model  
(hot plate test). The results of this study indicate 
that the action of A. biebersteinii is mediated by 
interaction with both GABAA and GABAB systems 
as it was blocked by bicuculline and SCH 50911, 
respectively. On the other hand, A. biebersteinii 
flower extract analgesic action was not mediated by 
interaction with α2 adrenergic receptors as the action 
of this plant was not blocked by yohimbine nor with 
β2 adrenergic receptors as butoxamine didn’t abolish 
the effect of this plant.

(a)

Fig. 1.  Formalin test a) Early phase. b) Late phase.
*Significantly different from the control.

**Significant difference between A. biebersteinii 500 mg/kg 
and SCH 50911 & A. biebersteinii 300 mg/kg. ***Significant 

difference between A. biebersteinii 500 mg/kg and 
bicuculline & A. biebersteinii 300 mg/kg

(b)

 The methanolic flower extract of A. 
biebersteinii reduced flinching behavior in both early 
and late phases of formalin test. Similar results were 
obtained by A. wilhelmsii C. Koch methanolic extract28 
and the aqueous extract of A. millefolium flowers29 
that reduced significantly acute and chronic pain 
in formalin test. In comparison, A. nobilis L. subsp. 
neilreichii extract caused inhibition of licking the hind-
paw during the late phase only30. On the other hand, 
the effect of aerial parts alcoholic extract (without 
flowers) of A. millefolium extract had no effect in 
early or late phases of formalin test 31.
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Hot plate test 
 In hot plate test, the highest dose (500 mg/
kg) of A. biebersteinii extract increased latency at  
30 minute. Both bicuculline and SCH 50911 reversed 
the effect of A. biebersteinii in this test (Figure 2).

mg/kg, 400 mg/kg and 500 mg/kg, A. biebersteinii 
extract, respectively. Clomipramin hydrochloride 
(standard drug) increased significantly immobility 
time (119.1±14.5 sec). 

 In this research, the antidepressant 
activity of the methanolic extract of A. biebersteinii 
was studied. No antidepressant action was found.  
A recent study reported an antidepressant activity of 
the volatile oil extracted from A. biebersteinii flowers 
in FST of scopolamine administered rats14. This 
contradicts with the results of the present study in 
which no increase in immobility time was observed. 
This contradiction can be explained by the presence 
of different constituents in the volatile oil and the 
methanolic extract (containing polar compounds 
mainly) and the difference in the animal model 
used in the two studies. It should be noted that this 
plant is taken as herbal tea containing mostly polar 
compounds; rather than oil, in folk medicine.

Open field test 
 In open field test, the high doses (400 and 
500 mg/kg) decreased the number of lines crossed 
as well as rearing behavior (Fig. 3a, b). SCH 50911 
and bicuculline reversed the action of A. biebersteinii 
in this test (Figure 3a, b). 

 OFT is a common method to measure 
anxiety-like and sedation behaviors33,34. High number 
of line crosses indicates increased locomotion while 
the increase in rearing behavior indicates exploration 
and both refers to a lower degree of anxiety34. In 
this study the 400 and 500 mg/kg doses of the 
methanolic extract of A. biebersteinii decreased 
number of lines crossed, indicative of a possible 
sedative effect at these high doses. The lower dose 
(300 mg/kg), which was effective in formalin test, 
exerted no sedative effects in open field test. 

 In a previous work, the main components 
detected in A. biebersteinii flower extract were 
ascaridole and iso-ascaridole with 43.22% and 
37.87%, respectively. In addition to p-cymene, 
carvacrol, lavndulyl-2-methylbutanoate, trans-
sesquisabinene hydrate, tricosane (N-), pentacosane 
(N-) and eugenol16. Okuyama et al.,35 found that 
ascaridole has analgesic effect, prolongation 
of anesthesia and sedative effect as it reduced 
locomotor activity produced by methamphetamine. 
This can explain the findings that the high doses of  

Fig. 2. Results of hot-plate test.
*Significantly different from the control.

**Significant difference between A. biebersteinii 500 mg/kg 
and SCH 50911 & A. biebersteinii 500 mg/kg. ***Significant 

difference between A. biebersteinii 500 mg/kg and 
bicuculline & A. biebersteinii 500 mg/kg

 In the current work, 500 mg/kg dose of  
A. biebersteinii was effective after 30 min in hot 
plate test. Similar results were obtained by A. nobilis 
extract (400 mg/kg) that increased the latency to 
hot-plate test when measured at 60 and 90 min 
after injection 30. Also, the non-polar extract A. 
fragrantissima produced dose-dependent analgesic 
effect in mice in hot plate assay32. On the other hand, 
the hydroalcohol extracts of 500 and 1000 mg/kg 
A. millefolium had not any effect in the hot plate31. 
Similar to formalin test, the mechanism of analgesic 
effect of A. biebersteinii in hot plate test involved an 
interaction with GABAA and GABAB systems as it was 
blocked by bicuculline and SCH 50911, respectively. 
Up to our best knowledge, this is the first report 
showing an interaction of A. biebersteinii with GABA 
receptors as a mechanism for its analgesic action.

Forced swimming test
 In forced swimming, no statistically 
significant difference was found between A. 
biebersteinii extract-treated mice and control 
group. Immobility time in seconds was 159.3+9.0, 
163.7+16.4, 161.8+8.7, 165.4+11.2 for control, 300 
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A. biebersteinii (400 and 500 mg/kg) produced 
sedative effect as indicated by the reduced locomotor 
activity in open field test. Similarly, essential oils of 
A. umbelata decreased rearings and motor activity 
in the open-field test36.

Rearing activity is used an index of the exploratory 
behavior and is associated with the electrical activity 
of hippocampus37, with synergistic interaction between 
cholinergic and GABAergic systems in this activity38. 

Elevated plus maze test 
 In elevated plus maze test A. biebersteinii 
flower extract (400 mg/kg) increased the time spent in 
open arm. The percentage of time spent in open arm 
was 0.2%, 1%, 5.2%, 1.5% and 22.4% for the control, 

300 mg/kg, 400 mg/kg, 500 mg/kg of A. biebersteinii 

extract and 4 mg/kg diazepam, respectively. Both 
bicuculline and SCH 50911 reversed the action of 
A. biebersteinii in this test (Figure 4).

(a)

(b)

Fig. 3. Open field test a) Number of lines crossed b) Number 
of rearings.

*Significantly different from the control.
**Significant difference between A. biebersteinii 500 mg/kg 
and SCH 50911 & A. biebersteinii 500 mg/kg. ***Significant 

difference between A. biebersteinii 500 mg/kg and 
bicuculline & A. biebersteinii 500 mg/kg

 In open field test, A. biebersteinii extract 
decreased rearing behavior and number of lines 
crossed. The action was mediated by interaction 
with GABAA and GABAB systems as it was blocked 
by bicuculline and SCH 50911, respectively. 

Fig. 4. Elevated plus maze test.
*Significantly different from the control.

**Significant difference between A. biebersteinii 400 mg/kg 
and SCH 50911 & A. biebersteinii 400 mg/kg.

***Significant difference between A. biebersteinii 400 mg/kg 
and bicuculline & A. biebersteinii 400 mg/kg

 In the present study, A. biebersteinii flower 

extract (400 mg/kg) increased the time spent in open 

arm indicating that this plant has anxiolytic effect. 

Up to our best knowledge this is the first report of 

such findings.  The interaction of A. biebersteinii with 

GABAergic systems suggests that this plant may 

have anticonvulsant activity. Future studies may 

investigate this aspect.

Molecular Docking

 Plant constituents (Shown in Fig. 5) were 

successfully docked against GABAA and GABAB 
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receptors, and the results are shown in Table 1. 

Based on the energy results, most of the compounds 

showed good binding energies, ranged between 

-5.26 to -7.15 and -5.55 to -8.59 Kcal/mol for 

GABAA and GABAB, respectively. Both compounds, 

Lavndulyl-2-methylbutanoate and Sesquisabinene 

hydrate, showed the lowest binding energies for both 

receptors. The intermolecular interactions of the best 

docked compounds are displayed in Fig. 6 and 7. The 

intermolecular interactions against GABAA are illustrated 

in Fig. 6, in which Lavndulyl-2-methylbutanoate 

performs two hydrogen bond interactions with Ser205 

and Thr207, whereas Sesquisabinene hydrate performs 

only one hydrogen bond interaction with Ser159. 

Lavndulyl-2-methylbutanoate additionally performs 

hydrophobic interactions with Tyr58, Phe77, Ala79 

and Tyr210. Whereas, Sesquisabinene hydrate interact 

with Phe77, Ala79, Phe100, Tyr160 and Tyr210. On the 

other hand, Fig. 7 shows the intermolecular interactions 

for Lavndulyl-2-methylbutanoate and Sesquisabinene 

hydrate against GABAB receptor. Lavndulyl-2-

methylbutanoate found to form one hydrogen bond 

interaction with Glu251 and hydrophobic interactions 

with His170, Trp65, Val201, Phe202 and Tyr250. 

However, Sesquisabinene hydrate shows to interact 

with Ser130 and Gly151 by hydrogen bond interactions. 

Moreover, it performs hydrophobic interactions with 

Trp65, Pro66, His170, Trp278 and Tyr279.

Fig. 5. 2D-chemical structure of the main plant 
constituents, prepared by ChemSketchTM software

(a)

(b)

Fig. 6. Stick representation of a. Lavndulyl-2-
methylbutanoate and b. Sesquisabinene hydrate in the 

active site forming hydrophobic (pink dots) interactions and 
hydrogen bond (green dots) with GABAA (6HUO) receptor 

(a)

(b)

Fig. 7. Stick representation of a. Lavndulyl-2-
methylbutanoate and b. Sesquisabinene hydrate in the 

active site forming hydrophobic (pink dots) interactions and 
hydrogen bond (green dots) with GABAB (4MS4) receptor
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CONCLUSION

 A. biebersteinii exerted analgesic, anxiolytic 
but no antidepressant action. Its effect in late phase 
of formalin test, hot plate, elevated plus maze and 
open field tests involved interaction with GABAA and 
GABAB systems. Lavndulyl-2-methylbutanoate and 
sesquisabinene hydrate are the active constituents 
most probably responsible for this activity. Future 

studies may test the biological activities of these 
compounds in vivo.
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