
Introduction

Crataegus monogyna Jacq. (Rosaceae) also known as 
Hawthorn, maybush, quick thorn, whitethorn, haw, 
halves, bread and cheese tree in different countries, is 
a naturally growing plant in Europe, Asia, and the north 
of Africa (Ozcan et al., 2005; Rigelsky & Sweet, 2002). In 
addition to the consumption of hawthorn berries as food, 
hawthorn extracts are among the most popular herbal 
medicinal products in many European countries and 
the USA due to their cardiovascular effects (Pittler et al., 
2003). Various parts of the plant (flowers with leaves, 

fruits) are known for folkloric use especially against 
cardiovascular disorders (Baytop, 1999; Duke, 2002; Mills 
& Bone, 2000). The effectiveness of hawthorn prepara-
tions for the treatments of angina, hypertension, arrhyth-
mias, congestive heart failure, and hyperlipidemia is well 
documented in a number of preclinical, clinical studies, 
reviews, and meta-analyses (Pittler et al., 2008; Rigelsky 
& Sweet, 2002).

Apart from the cardiovascular disorders, hawthorn 
fruits have also been used as a cure against stress, nerv-
ousness, sleep disorders, heart ache, stomach ache, 
and sore throat in folk medicine (Baytop, 1999; Duke, 
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Abstract
Context: Investigating potential central nervous system (CNS) activities of Crataegus monogyna Jacq. 
(Rosaceae), hawthorn, fruit extracts.

Objective: Evaluating CNS effects and analgesic activities of hawthorn fruit extracts based on the traditional 
uses of the plant for neurosedative and pain killer actions.

Materials and methods: Effects of hawthorn pulp (HPE) and seed extracts (HSE) at the dose range of 
1-1000 mg/kg were examined on anxiety level, spontaneous locomotor activity, motor coordination, and 
nociceptive perception of mice. Morphine was used as a reference drug.

Results: HPE (100-1000 mg/kg) and HSE (10-1000 mg/kg) significantly decreased not only the exploratory 
behaviors in hole-board experiments, but also the spontaneous locomotor activities in activity cage tests. 
The same doses of extracts were found to be ineffective in Rota-Rod tests of mice. In tail-clip, hot-plate, 
and acetic acid-induced writhing tests, quite potent and dose-dependent analgesic activities were seen at 
100-1000 mg/kg doses of HPE and 10-1000 mg/kg doses of HSE. Analgesic effects observed in all analgesia 
tests were antagonized by naloxone.

Discussion: Significant and dose-dependent decreases in spontaneous locomotor activities and exploratory 
behaviors of animals suggested CNS depressant activities of both extracts. Complete naloxone antagonism 
in all applied analgesia tests indicated opioid-related analgesic activities of both extracts.

Conclusion: These findings seem to support the traditional use of this plant to treat stress, nervousness, 
sleep disorders, and pain control.
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2002; Garcia et al., 1997; Mills & Bone, 2000; Pietta et al., 
1986). In spite of the knowledge about folkloric use of 
the fruits, there are few reports indicating the anxiolytic 
and sedative activities of the plant extracts of Crataegus 
species (Bourin et al., 1997; Della Loggia et al., 1981). 
Furthermore, some constituents of hawthorn fruit 
extracts have also been demonstrated to exhibit certain 
effects on the central nervous system (CNS). Amines, 
flavonoids (vitexine, vitexine-2″-O-rhamnoside, chlo-
rogenic acid, hyperoside, quercetin, isoquercitrin, 
rutin, etc.), procyanidins, organic acids, tannins, and 
triterpene derivatives (Baytop, 1999; Chang et al., 2002; 
European Pharmacopoeia, 2005; Orhan et  al., 2007) 
have been reported as the major constituents of haw-
thorn fruit extracts. Among these compounds, several 
flavonoids, procyanidins, tannins, chlorogenic acid 
and various plants containing these constituents have 
been previously demonstrated to have anxiolytic, seda-
tive and analgesic/antinociceptive activities by many 
investigators (Calixto et  al., 2000; Dos Santos et  al., 
2005, 2006; Harborne & Williams, 2000; Kang et  al., 
2000; Pérez-Ortega et al., 2008; Soulimani et al., 1997; 
Viana et al., 1997).

To the best of our knowledge, there is no published 
paper examining CNS activities or antinociceptive/
analgesic actions of hawthorn fruits, although the folk-
loric use of hawthorn fruits has been reported for the cure 
of stress, nervousness, sleep disorders, and pain (Duke, 
2002; Mills & Bone, 2000). Therefore, the present study 
was designed to evaluate the possible effects of hawthorn 
pulp extract (HPE) and hawthorn seed extract (HSE) on 
the CNS and pain.

Materials and methods

Plant material and preparation of the extracts

Fresh fruits of Crataegus monogyna plant were collected 
from the Lake Abant region located in Bolu province of 
Turkey, in October 2005 and authenticated by Nilgün 
Öztürk from Anadolu University Faculty of Pharmacy, 
Department of Pharmacognosy. A voucher specimen 
(no. ESSE-14438) was deposited at the herbarium of 
the Laboratory of Botany, Anadolu University, Eskişehir, 
Turkey. For the extraction, the pulps and seeds of the 
hawthorn fruit were separated from each other and then 
dried individually at ambient temperature. The dried 
materials (15 g) were ground and extracted for 1 h using 
an ethanol:water mixture (80:20, v/v) in a water bath 
set at 40°C. The liquid parts were filtered, collected in 
separate volumetric flasks, and the solid residues were 
then treated with the ethanol:water solution (80:20, v/v) 
as described above. This procedure was totally applied 
for three times to the remaining residues in order to 

extract the whole chemical content of the plant mate-
rials. After extraction, the collected liquid parts were 
concentrated to dryness under vacuum at 40○C and the 
final residues were lyophilized. In order to determine 
extraction yields, the final extracts were weighed and 
the yields of HPE and HSE were calculated as 37.73% 
and 11.6%, respectively.

Animals

Adult Swiss albino mice of both sexes weighing 20-30 g 
were used for the experiments. Male and female mice 
were distributed into control and experimental groups 
as homogenously as possible. The animals were housed 
in a room with controlled temperature (25° ± 1°C) for 12 h 
light/dark cycle. Temperature, sound and light conditions 
were not altered during the course of the experiments. All 
animals were acclimatized to the laboratory environment 
at least 48 h before the experimental session. Food was 
withdrawn 12 h before experiments in order to avoid food 
interference with substance absorption, though water 
was allowed ad libitum. The experimental protocols 
were approved by the local ethical committee on animal 
experimentation, Eskişehir, Turkey.

Administration of drugs and extracts

Morphine sulfate and naloxone used in this study were 
purchased from Sigma-Aldrich (St. Louis, MO). Acetic 
acid was supplied from Merck (Darmstadt).

All applications to animals were made by single injec-
tions via intraperitoneal (i.p.) route. Test latencies of 
control solution (0.9% physiological saline), reference 
drug morphine (10 mg/kg), and the extracts (1, 10, 100, 
1000 mg/kg) were recorded 30 min after the administra-
tions. Naloxone (5 mg/kg) was applied 15 min before 
extract administration to examine a possible involve-
ment of opioid mechanisms in analgesic actions (Gomes 
et al., 2007).

Behavioral tests

Hole-board tests
Exploratory behavior of mice (n = 7) was examined 
by the hole-board test (Takeda et al., 1998). The hole-
board apparatus (Ugo Basile, no.6650, Varese, Italy) was 
composed of a gray Perspex panel (40 × 40 cm) with 16 
equidistant holes of 3 cm diameter in the floor. Head-
dipping was measured by the infrared cells placed 
under the holes. The board was positioned 15 cm above 
the ground. Each animal was individually placed in 
the center of the board facing away from the observer 
and allowed to explore the apparatus freely. The total 
number of head-dipping behavior was recorded for 
5 min (Fiore et al., 1998; Takeda et al., 1998).
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Activity cage measurements
The horizontal and vertical locomotor activities of the 
mice were recorded by the activity cage apparatus, which 
contains two pairs of 16 photocells 3 cm and 6 cm above 
the floor (Ugo Basile, no.7420, Varese, Italy). Interruptions 
of light beams to the photocells during horizontal and 
vertical movements of the animals were automatically 
recorded for 4 min (Votava et al., 2005).

Rota-Rod tests
The effects of extracts on motor coordination levels of 
mice were examined by the Rota-Rod test. Before the 
experimental session, three trials were given for three 
consecutive days on the Rota-Rod apparatus (Ugo Basile, 
no.47600, Varese, Italy) set at a rate of 16 revolutions per 
minute. Mice remaining on the rod longer than 180 s were 
selected for the test. The latency to fall from the rotating 
mill was recorded for each mouse tested as a criterion of 
motor coordination (Adzu et al., 2002; Amos et al., 2005).

Analgesia tests

Tail-clip tests
The mechanical antinociceptive activities of the extracts 
were measured by the tail-clip test in mice (n = 7). A 
metal artery clamp was applied to the tail of mouse and 
the time spent before biting the clamp was recorded by 
a stopwatch (D’Amour & Smith, 1941). A sensitivity test 
was carried out before the experimental session and ani-
mals that did not respond to the clamp within 10 s were 
discarded from the experiments (Adeyemi et al., 2004). 
Maximum latency time (cut-off time) for the tail-clip 
tests was chosen as 10 s to avoid possible tissue damage 
(Ozturk et al., 2002). Analgesia was expressed as a per-
centage of the maximum possible effect (MPE%), accord-
ing to the following equation (Gabra & Sirois, 2003):

MPE%
(postdrug latency predruglatency)

cut -off time predrugla
= −

− ttency
100( )









 ×

Tail-immersion test
Tail-immersion was conducted as described by Aydin 
et al. (1999). One third of the mouse tail was immersed 
into a water bath set at a constant temperature of 
52.5° ± 0.2°C. The latency between immersion and jerk 
of the tail was recorded by a stopwatch. A sensitivity test 
was carried out before the experiments and animals 
having latencies between the range of 1.5 and 3.5 s were 
selected for the tests (Coelho et  al., 2005). Test laten-
cies were measured with a maximum cut-off time of 10 
s to minimize tail tissue damage (Gabra & Sirois, 2003). 
Analgesia was expressed as a percentage of the maximum 
possible effect (MPE%), calculated by using the equation 
mentioned above for the tail-clip test.

Hot-plate test
The supraspinal component of antinociceptive action 
in mice (n = 7) was evaluated by the hot-plate test as 
described previously (Kaplancikli et  al., 2009). The 
mouse was placed in a glass beaker, which was set at a 
fixed temperature of 55° ± 0.5°C in a water bath and the 
reaction time of the mouse (latency time for paw licking 
or jumping) was determined by a stopwatch (de Fátima 
Arrigoni-Blank et al., 2004). A sensitivity test was carried 
out before the experiments and only the animals reacting 
within 15 s were chosen for the tests (Shinde et al., 1999). 
Maximum cut-off time was established as 30 s to prevent 
tissue damage (de Fátima Arrigoni-Blank et  al., 2004). 
Effects of the extracts on nociception were calculated by 
converting hot-plate latencies to percentage analgesic 
activity according to the following equation (Asongalem 
et al., 2004):

Analgesic activity %

(postdrug latency predrug latency)

predrug
= −

llatency
100









×

Acetic acid-induced writhing responses
The acetic acid-induced writhing test was applied in 
mice (n = 7) to investigate the peripheral component of 
analgesic activity (Koster et al., 1959). Mice were treated 
with an aqueous solution of acetic acid (0.6% v/v, i.p.) at 
a dose of 10 mL/kg to induce contractions. Five minutes 
after the injection of acetic acid solution, the number of 
abdominal contractions and stretches during the fol-
lowing 10 min was recorded. After pretreatment with 
extracts or the standard drug, significant reduction in 
the number of writhings was considered as a positive 
analgesic response. The percentage protection against 
writhing was calculated according to following equation 
(Gülçin et al., 2004):

Protection

(control mean - treated mean)

control mean

%

= 




×100

Statistical analyses

The data used in statistical analyses were obtained from 
seven animals for each of the groups. Experimental data 
of all tests were analyzed by one-way ANOVA, which 
was followed by Tukey’s test. Statistical analyses of the 
experimental data were performed using GraphPad 
Prism 3.0 software (GraphPad Software, San Diego, 
CA). The results were expressed as mean ± standard 
error of mean (SEM). Differences between data sets 
were considered as significant when p value was less 
than 0.05.
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Results

Behavioral tests

Hole-board tests
As can be seen in Figure 1, HPE at doses of 100-1000 mg/kg 
and HSE at doses of 10-1000 mg/kg caused a statistically sig-
nificant and dose-dependent decrease in the total number 
of head-dips recorded for 5 min. HPE (1 and 10 mg/kg) and 
HSE (1 mg/kg) were found to be ineffective on the same 
experimental parameter in this test.

Activity cage measurements
Statistically significant decreases in horizontal and verti-
cal locomotor activities of mice for 4 min were observed 
following the applications of HPE (100-1000 mg/kg) and 
HSE (10-1000 mg/kg) when compared to control groups. 
HPE and HSE at lower doses were not found to cause any 
significant effect on activity cage parameters of mice 
(Figures 2 and 3).

Rota-Rod tests
Neither HPE nor HSE were significantly altered the laten-
cies  to fall of mice from the rotating mill, when compared 
to the controls (data not shown).

Analgesia tests

Tail-clip tests
Results obtained from tail-clip tests are indicated in 
Figure 4. HPE at doses of 100-1000 mg/kg and HSE at 
doses of 10-1000 mg/kg exhibited significant and dose-
dependent analgesic effects. Doses of 1 mg/kg HSE and 
1-10 mg/kg HPE were found to be ineffective. Morphine, 

which was used as the reference drug, exhibited signifi-
cant analgesic activity at 10 mg/kg. Analgesic activities of 
HPE and HSE at the 1000 mg/kg dose disappeared with 
the pretreatment of naloxone.

Tail-immersion tests
Following the applications of HPE or HSE in tail-immer-
sion tests, no specific change was observed in reaction 
times of animals compared to control values. Morphine 
at the dose of 10 mg/kg exhibited significant analgesic 
activity in this test (data not shown).
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Figure 1.  Effects of HPE and HSE at doses of 1-1000 mg/kg on total 
number of head-dips of mice in hole-board tests. Values are given as 
mean ± SEM. Significance against control values, *p <0.05, **p <0.01, 
***p <0.001, one-way ANOVA, post-hoc Tukey test, n = 7.
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Figure 2.  Effects of HPE and HSE at doses of 1-1000 mg/kg on total 
number of horizontal activities of mice in activity cage tests. Values are 
given as mean ± SEM. Significance against control values, *p <0.05, **p 
<0.01, ***p <0.001, one-way ANOVA, post-hoc Tukey test, n = 7.
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Figure 3.  Effects of HPE and HSE at doses of 1-1000 mg/kg on total 
number of vertical activities of mice in activity cage tests. Values are 
given as mean ± SEM. Significance against control values, *p <0.05, **p 
<0.01, ***p <0.001, one-way ANOVA, post-hoc Tukey test, n = 7.
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Hot-plate tests
Figure 5 illustrates the effects of both extracts on the 
reaction times of mice against thermal noxious stimuli 
in hot-plate tests. Dose-dependent and highly sig-
nificant increases in the reaction times of mice were 
observed following the administration of HPE at 100 
and 1000 mg/kg doses. 1 and 10 mg/kg doses were found 
to have no effect. Furthermore, HSE at 10-1000 mg/kg 
doses also potently prolonged the reaction times; only 
1 mg/kg dose was ineffective in this test. Morphine 

showed significant analgesic activity as expected. 
Pretreatment of naloxone completely antagonized the 
analgesic activity induced by 1000 mg/kg doses of both 
HPE and HSE in this test.

Acetic acid-induced writhing responses
As can be seen in Figure 6, both HPE (100-1000 mg/kg) 
and HSE (10-1000 mg/kg) reduced the number of acetic 
acid-induced writhing and stretching. Morphine at the 
dose of 10 mg/kg exerted a significant protection against 
the writhing response. Analgesic activities of both 
extracts at 1000 mg/kg were completely antagonized by 
naloxone pretreatment (Table 1).
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Figure 4.  Effects of HPE and HSE at doses of 1-1000 mg/kg on response 
latencies of mice in tail-clip tests. Values are given as mean ± SEM. 
Significance against control values, **p <0.01, ***p <0.001; Significance 
against 1000 mg/kg, ap <0.001, one-way ANOVA, post-hoc Tukey test, 
n = 7.
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Figure 5.  Effects of HPE and HSE at doses of 1-1000 mg/kg on response 
latencies of mice in hot-plate tests. Values are given as mean ± SEM. 
Significance against control values, ***p <0.001; Significance against 
1000 mg/kg, ap <0.001, one-way ANOVA, post-hoc Tukey test, n = 7.
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Figure 6.  Effects of HPE and HSE at doses of 1-1000 mg/kg on response 
latencies of mice in acetic acid-induced writhing tests. Values are 
given as mean ± SEM. Significance against control values, *p <0.05, 
**p <0.01, ***p <0.001; Significance against 1000 mg/kg, ap <0.001, bp 
<0.01, one-way ANOVA, post-hoc Tukey test, n = 7.

Table 1.  Protection percentage values of HPE and HSE extracts in ace-
tic acid-induced writhing tests.

Treatment Protection %

Control -

Morphine (10 mg/kg) 86.42

HPE (1 mg/kg) 16.46

HPE (10 mg/kg) 16.87

HPE (100 mg/kg) 25.93

HPE (1000 mg/kg) 38.68

Naloxone (5 mg/kg) + HPE (1000 mg/kg) 13.17

HSE (1 mg/kg) 16.05

HSE (10 mg/kg) 20.16

HSE (100 mg/kg) 31.28

HSE (1000 mg/kg) 41.98

Naloxone (5 mg/kg) + HSE (1000 mg/kg) 8.2
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Discussion

The present study was undertaken to investigate the pos-
sible effects of Hawthorn fruit extracts (HPE and HSE) 
on exploratory behavior, spontaneous locomotor activity, 
motor coordination, and nociception perception of mice 
by using different experimental models.

In hole-board tests, both extracts significantly and 
dose-dependently decreased the total number of head-
dips, indicating that both extracts depressed the explora-
tory behavior of mice. Decrease of the vertical activity 
in activity cage measurements supports the data from 
the hole-board tests and these findings together suggest 
that the extracts may have CNS depressant activities. 
Like vertical activities, number of horizontal locomotor 
activities was also decreased in activity cage measure-
ments in spite of unchanged motor coordination of mice 
in Rota-Rod tests. Decrease in the spontaneous locomo-
tor activity without any change in motor coordination 
also is clear evidence for the neurosedative effects of the 
HPE and HSE.

In addition to the behavioral tests, analgesia tests were 
also performed using the same doses of both extracts. 
Significant and dose-dependent increase in reaction 
time against noxious stimuli in tail-clip (mechanical 
stimulus) and hot-plate (thermal stimulus) tests, as well 
as decrease in the number of writhing and stretching 
behavior in writhing tests (chemical stimulus) indicate 
that both HPE and HSE have analgesic actions on all 
mechanical, thermal and chemical nociceptive neuronal 
pathways. Hot-plate and tail-clip tests have been reported 
as a measure of centrally mediated transient pain. As 
reported previously, the hot-plate test predominantly 
measures responses organized supraspinally, while the 
tail-clip test mainly measures spinal reflexes (Gabra & 
Sirois, 2003; Wong et al., 1994). As HPE and HSE showed 
significant analgesic activities in both tail-clip and hot-
plate tests, it may be suggested that analgesic activities 
of the extracts are related to both supraspinal and spinal 
mechanisms. Analgesic activities of both extracts were 
reversed completely by the pretreatment of naloxone in 
these tests, as clear evidence in favor of the involvement 
of opioid mechanisms in the analgesia. These effects 
could be due directly to opioid receptor agonistic activi-
ties of the constituents in the extracts and/or induction 
of endogenous opioid peptide release. Furthermore, 
both extracts protected the animals from writhing in 
the chemical noxious stimulus-induced writhing test, 
indicating that peripheral mechanisms may play a role 
in the analgesic action. Naloxone pretreatments com-
pletely reversed the reduction of writhing and stretching 
behaviors induced by both HPE and HSE at 1000 mg/kg 
doses in writhing test. Therefore, it may be concluded 
that the analgesic effects of both extracts observed in the 
writhing tests also involve opioid mechanisms. It is well 

known that opioids show analgesic activities in the acetic 
acid-induced writhing test, but they have relatively lower 
potencies against chemical noxious stimuli when com-
pared to mechanical and thermal ones (Coelho et  al., 
2005; Morgan et  al., 2006). Similarly, relatively lower 
analgesic activities of both extracts in the writhing tests 
compared to those in the tail-clip and hot-plate tests 
may be due to the lower opioid potency against chemi-
cal noxious stimuli.

In order to investigate the possible opioid receptor 
subtypes contributing to the analgesic action, the tail-
immersion test was applied. The tail-immersion test, 
which was conducted using 52.5°C for thermal algesic 
stimulus, was reported to discriminate between opioid 
receptor subtypes (Schmauss & Yaksh, 1984). In spite 
of significant analgesic effects in hot-plate and tail-clip 
tests, lack of analgesic activity in the tail-immersion 
test (at 52.5°C) for any of the applied doses indicates 
the analgesia induced by both extracts may be related to 
delta and/or kappa opioid receptor subtypes rather than 
mu ones (Aydin et al., 1999, 2003; Schmauss & Yaksh, 
1984). Notably, the antinociceptions induced by HPE or 
HSE even at highest doses were not accompanied with 
any Straub-tail response, which has been reported to 
result from the activation of supraspinal mu receptors 
in mice (Narita et al., 1993a). This observation also sup-
ports our suggestion that mu receptor subtypes may 
not be involved in the opioid-related analgesic activi-
ties of the HPE and HSE. It has been demonstrated that 
administration of kappa agonists elicit sedative action 
in contrast to the stimulant effect of mu and delta-
agonists on locomotor activities in mice (Iwamoto, 
1981; Narita et al., 1993b; Vonvoigtlander et al., 1983). 
In the present study, both HPE and HSE were decreased 
the total number of locomotor activities in the activity 
cage and reduced the exploratory behavior in the hole-
board tests. Therefore, it may be speculated that both 
HPE and HSE exhibit their analgesic activities related 
to endogenous opioid system mainly via kappa recep-
tor subtypes. However, the component/components in 
both extracts may also show their neurosedative effects 
by different mechanisms, such as acting on GABAergic, 
glutaminergic, adenosinergic systems etc. The exact 
mechanisms of action needed to be clarified with fur-
ther studies.

In the tail-clip, hot-plate and writhing tests HSE 
showed significant analgesic actions, even at 10 mg/kg 
dose. When compared to HPE, HSE was more potent in 
these tests in terms of analgesia percentage. Therefore, 
the substance(s) responsible for the analgesic activi-
ties must be found in higher concentrations in HSE 
than those in HPE. Some of the flavonoids, procyani-
dins, organic acids, tannins and triterpene derivatives 
detected in hawthorn extracts have been reported pre-
viously to possess anxiolytic, sedative and analgesic/
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antinociceptive activities (Calixto et al., 2000; Dos Santos 
et al., 2005, 2006; Harborne & Williams, 2000; Kang et al., 
2000; Pérez-Ortega et  al., 2008; Soulimani et  al., 1997; 
Viana et al., 1997). The precise mechanisms underlying 
the analgesic action of flavonoids remain unclear, but the 
major component of this effect seems to be related to an 
opioid-like action, since there is a significant antagonism 
by naloxone (Kekesi et al., 2003; Maleki-Dizaji et al., 2007; 
Thirugnanasambantham et  al., 1988, 1990). Therefore, 
flavonoids, procyanidins, other constituents or their 
combinations may induce the opioid-mediated analge-
sic activities as observed in our experiments. However, 
searching for the responsible component(s) from the 
pharmacological actions was beyond the scope of this 
study. Active substances responsible for the pharmaco-
logical actions of these extracts will be the subject of new 
studies in our laboratory.

Conclusion

The results obtained in this study indicate that both HPE 
and HSE possess not only CNS depressant activities, but 
also central and peripheral analgesic effects mediated 
by  endogenous opioid system. These findings seem to 
support the traditional use of this plant to treat stress, 
nervousness, sleep disorders, and pain control. A rela-
tively high LD

50
 value (about 6000 mg/kg) reported for 

hawthorn fruits indicates that its toxicity level is quite 
low (Duke, 2002). Our study also supports this report, 
as no animal died by the i.p. application of HPE or HSE, 
even at the highest dose of 1000 mg/kg. In addition to the 
potent analgesic activities, low toxicity is an important 
advantage for the extracts as a novel candidate of anal-
gesic drug.
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