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Abstract

Semen Ziziphus jujuba (SZJ) has long been used in Chinese traditional medicine for the treat-
ment of anxiety and insomnia because of its effect of decreasing monoaminergic system activ-
ity; saponins are thought to be the main bioactive factors. To investigate the sedative and
hypnotic effects of saponins from SzJ, silica gel column chromatography and thin-layer
chromatography were used to purify the crude extract of total saponins from SzJ. High-
performance liquid chromatography showed that saponins from SZJ comprised two compo-
nents, compounds | and Il. Animal tests were conducted using these two compounds to
compare their sedative and hypnotic effects. Results showed that both compounds had a signi-
ficant effect (P < 0.05, P < 0.01) on walking time compared with that of the control group. Com-
pound | had a significant effect on coordinated movement (P<0.05). Both compounds
prolonged the suprathreshold barbiturate induced sleeping time (P < 0.05). The number of
sleeping animals increased by 30% and 20% for compounds | and Il, respectively, under the sub-
threshold dose of sodium barbital.

Introduction

The seed of Semen Ziziphus jujuba (SZJ), local name suanzaoren, is used in Chinese tra-
ditional medicine, and in some other countries, to treat anxiety and insomnia (Siekwoo
1978; Peng etal 2000), by decreasing monoaminergic activity in the brain (Zhao etal
1995). In Chinese medicinal formulae, SJZ is often used as the principal drug because of
its additional hypotensive, antihypoxia, antihyperlipidaemia, hypothermic and anxiolytic
properties (Li etal 1999). In recent years, the search for new and bioactive minor com-
ponents from SZJ has increased (Li etal 2005). Jujuboside A, a main glycoside of
jujubogenin extracted from SZJ has been studied to determine its effects on brain in-vivo
and in-vitro. It has been reported that jujuboside A has inhibitory effects on hippocampal
formation, Glu-mediated excitatory signal pathway in hippocampus (Zhang et al 2003)
and penicillin sodium induced hyperactivity. The neurophysiological inhibitory effects
of jujuboside A and diazepam were more persistent than their Glu inhibitory effects (Lu
etal 2005).

Compared with the therapeutic effects of established medicinal drugs, herbal prod-
ucts are generally more benign in terms of side-effects (Sardesai 2002) and cost of
potential dependence (Foster etal 2004; Capasso & Sorrentino 2005; Wheatley 2005),
although some herbal products such as Kava Kava are known to cause hepatotoxicity
(Maddrey 2005) and are thus no better than synthetic drugs containing a single chemical
entity. Unlike synthetic drugs that contain single chemical entities of known composi-
tion and specific therapeutic actions, herbal drugs are derived from plant extracts of
mixed composition. It is often not known which are the active compounds and which are
simply adjuvants (Wheatley 2005). For this reason, more and more studies have been
conducted on the components of plant medicines and on their pharmacological analysis
(Pieters & Vlietinck 2005; Soares etal 2005; Jung etal 2006). Drug discovery is sub-
stantially benefited by ethnopharmacological approaches (Carvalho-Freitas & Costa
2002). In the present study, preparations of saponins obtained from SZJ were investigated
in order to evaluate their ability to induce sedative and hypnotic effects in experimental
models.
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Materials and Methods

Separation and purification of saponins

Extraction of saponins

The isolation of saponins was modified from the method of
Khan etal (1997). SZJ samples were shattered and screened
with a 40 mesh. After evaporation at 60°C, samples were
Soxhlet extracted in petroleum benzin, 1:10 (v/v), for 4h at
60°C, and the extraction was repeated three times. After dry-
ing, levigation and screening with 40 mesh, the residues were
inverse-flow extracted in 70% ethanol, 1:25 (v/v), for 3h at
85°C, filtered and the alcohol solution evaporated to dryness
with reduced pressure at 60°C, and then dissolved with water.
After filtration and discarding of extraneous components, the
alcohol phase was extracted by adding water-saturated
n-butanol (1:1 v/v); the n-butanol phase was then treated with
1M KOH. The n-butanol phase was evaporated to dryness
under pressure and the raw saponins were obtained.

Silica gel column chromatography

Silica gel column chromatography, as previously described
by various authors (Guil-Guerrero et al 2000; Kim etal 2001;
Shibata etal 2004; Simekova & Berek 2005), was used for
the fractionation of saponins. Silica gel (100g; 100-200
mesh) for column chromatography was dried at 120°C for
1 h, and then dipped in 95% (v/v) ethanol for 24 h. Agitation
was continued for 10 min and ethanol was evaporated in a
rotary evaporator under vacuum at 60°C. This material was
cooled and kept in the dark in a desiccator until required. A
slurry of silica gel (800 mg) in H,O (4 mL) was poured into a
column (36 mm x 800 mm) previously half filled with H,O.
A slight flow of H,O was allowed during packing. The H,O
level was lowered until it was 1cm above the stationary
phase. The packed height of the glass chromatography col-
umns was lowered to between 7 and 9 cm from the top end.
The above crude extracts (10 mL; 25 mg mL™") were applied
onto the chromatography columns. The column was eluted
with 60% ethanol (established after several assays) passed
consecutively through the column, and the flow rate was
0.5mL min~!. The eluates were collected as fractions of
every 10mL.

Silica gel thin-layer chromatography (TLC)

TLC was conducted according to methods described previ-
ously (Higashida etal 2002; Taylor etal 2004; Zivkovic-
Radovanovic & Vuckovic 2005) with some modifications.
Silica gel G-75 (100-200 mesh) was impregnated with 0.5%
carboxymethylcellulose sodium. A suspension was prepared
from 75 g silica gel in 200mL 0.5% carboxymethylcellulose
sodium. After 15min of vigorous shaking, the solvent was
removed by volatilization under vacuum. The adsorbents
were then suspended in distilled water (mass ratio 1:2) and
applied to glass plates (10 mm X 20 mm). The layers (0.4 mm)
were developed in the ascending direction for 40—120 min at
room temperature (28+2°C) with n-butanol/glacial acetic
acid/water in a percentage ratio of 40:10:50) as mobile phase.
Spots were detected by spraying the plates with freshly pre-
pared 2% vanillin ethanol solution (2 g vanillin was dissolved

in 98 mL ethanol containing 10% sulfuric acid). The repro-
ducibility of RF values was +0.02.

HPLC analysis

HPLC (P680, Dionex) was done under the following condi-
tions: Water’s symmetry 300 C;g 5z column (3.9mmx 300 mm);
flow rate 1.0mL min_l; temperature 25°C; solvent system
acetonitrile/water (30:70, v/v); diode array detector PDA-100
and evaporative light scattering detector (Alltech ELSD
2000ES), with detection at 210 nm (Taylor etal 2004).

Animal tests

With Ethical Committee approval, all experiments were per-
formed using ICR mice (2012 g, 7-9 weeks of age) obtained
from the Experimental Animal Centre of the Guangdong
Province. A total of 60 mice were housed in groups of 10 in
cages where the ambient temperature was 20-25°C and a 12-
h light-dark cycle was in effect. Mice were allowed free
access to food and water. All studies were conducted during
the light cycle.

Mouse behaviour studies

Locomotor activity  The sedative properties of saponins
were compared using spontaneous activity as an index of
sedation. At 45 min after dosing, each mouse was placed in a
cage that was similar to their home cage, and was surrounded
by an array of 16 photobeams 2.5 cm apart from side to side
on the upper level (Model Opto-Varimex, Columbus Co.,
USA). The acrylic cage within the monitor measured approx-
imately 39 cm in width, 41 cm in length and 30 cm in height.
The analyser converted the patterns of broken beams into dif-
ferent measures of locomotor activity. After being kept in this
cage for 5 min, a 5-min test was given, during which time the
ambulation time was automatically recorded. At the same
time, the times in open and closed arms were manually
recorded.

Coordinated movement At 45min after the last dosing,
mice were tested for active avoidance retention (Cao etal
2005). A slippery glass plate (60 x50 cm) was inclined at an
angle of 42.5°; each mouse was placed on the upper end and
the time taken for it to glide from the upper end to lower end
was recorded. If the drugs had a sedative effect, the coordina-
tion of the mouse would be decreased and the gliding time
would be shortened.

Mouse sleeping studies

Suprathreshold barbiturate induced sleeping time ~ At 30 min
after each group of animals was given saponin solutions and
physiological saline, each group was administered pentobar-
bital sodium at dose of 50 mg kg™ by intraperitoneal injec-
tion (the dose was determined after several assays; Jiang etal
2007). The sleep duration was measured based on the loss
and regaining of the righting reflex.

Subthreshold barbiturate induced sleeping time  The method
was the same as above, but the subthreshold sleeping dose of
40 mg kg~! pentobarbital sodium was used for intraperitoneal
injection (determined after several assays; Jiang etal 2007).
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The number of mice that fell asleep was observed and
recorded.

Statistical analysis

The results are expressed as mean*s.e.m. (Gilani etal 2000).
Differences between groups at specified time points were
analysed using one-way analysis of variance followed by
Scheffe’s test for group differences. Differences were
regarded as significant at a value of P<0.05.

Results

Preparation of saponins

The crude extract of saponins was analysed by HPLC (Figure 1)
using the diode array detector PDA-100. There were several
peaks between 2.0 min and 4.0 min, and a peak at 13.5 min,
indicating that the crude extract included several components.
The first step in the purification of the crude extract was silica
gel column chromatography. With UV detection, three
absorption peaks were observed at 2h 48 min, 3h 29 min and
7h 18 min, suggesting that there were three components in
the sample after column chromatography.

For the fraction collection, eluent did not pass through
the UV detector. A sample of 1 mL was taken from each
collecting duct, and 1 mL 2% vanillin solution and 2 mL
concentrated sulfuric acid were added; resulting colouration
was detected at 507 nm. Fraction I (tubes 11-26) and frac-
tion II (tubes 29-35) were collected. Chloroform-concen-
trated sulfuric acid reaction was conducted and it was found
that the sulfuric acid layer of fraction I had a green colour,
whereas fraction II samples were colourless, indicating that
fraction I included saponins and fraction II did not. There-
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fore, enough fraction I was collected for the next purifica-
tion step.

Fraction I was concentrated to a residue using a rotary
evaporator on 0.1 degree of vacuum at 50°C. The residue was
prepared as a 15-mg mL ™! solution for the TLC analysis. Two
spots, blue/green in colour, were detected (Figure 2). After
spreading for 20 cm, there were still only two spots, indicat-
ing that there were two saponin compounds in the sample.

The silica gel spots were collected and immersed in 70%
ethanol solution for 24h, and then stirred for 30 min. The
solution was centrifuged for 5min at 20000 g; supernatants
were reduced under pressure and concentrated at 60°C, yield-
ing concentrated solutions of compounds I and II. The pro-
cess was repeated (about 300 runs of TLC) to collect enough
samples for the animal tests.

A total of 2 mL of each of compounds I and II was filtered
with 0.45-,m microporous filtering film and conserved for use.
HPLC-ELSD was used to identify the purity of compounds I
and II. The ELSD response does not depend on the optical
characteristics of the samples, eliminating the common prob-
lems associated with other HPLC detectors. It can achieve a
stable baseline with multi-solvent gradients for improved res-
olution and faster separations (Zhao etal 2006). ELSD is
increasingly being used in liquid chromatography as a quasi-
universal detector and has been successfully applied to the
analysis of non-volatile compounds such as saponins
(Ganzera etal 2004; Yoo etal 2006; Oleszek & Bialy 2006).
Figure 1 shows the HPLC results of compounds I and II,
respectively. For compound I, the retention time was 1—
1.590min and the peak height was 230.659mV. The peak
area % by HPLC of compound I was 100%. For compound II,
the retention time was 1-1.599, peak height was 237.950 mV
and the peak area % was 100%. These results suggest that
compounds I and IT were single compounds in the measurable
range.
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Figure 1 High-performance liquid chromatography of crude saponins extracted from Semen Ziziphus jujuba.
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Compound |
Compound Il

Figure 2 Thin-layer chromatography of saponins of fraction 1.

Mouse behaviour tests

Spontaneous motility

A total of 10mg mL " of each of compounds I and II was pre-
pared. All compounds were given by oral gavage as suspen-
sions. Compounds I and II were given at doses of 0.15 mL per
10 g per day, equivalent to 17 g kg™! per day of crude drug.
The control group was treated with a 0.9% NaCl solution
under the same conditions. Administration was continued
for 3 days, once a day. Mice were fasted 24 h before the last
administration.

A total of 30 mice were subdivided into three groups (10
animals in each group). The data for the individual animals
are presented in Table 1. Based on the results, it can be seen
that the mean motility values of animals treated with com-
pounds I and IT were lower than that of the control group. The
percentages for the reduction of motility in mice treated with
compounds I and II compared with the control values were
69% and 43%, respectively.

Statistical analysis showed that the spontaneous motility
values of the groups treated with compounds I and II were
significantly different compared with those of the control
group (P<0.01 and P<0.05, respectively), suggesting seda-
tive effects of the two compounds.

At the same time as the recording of walking time, the arm
elevating times of mice were also recorded (Table 1). Unlike
the walking time test, the arm elevating times of the mice
treated with compounds I and II were not significantly differ-
ent compared with the control group.

Coordinated movement

After spontaneous motility tests, the same administrations
were continued for 3 days and an active avoidance retention
test, slipping time on the glass plate, was conducted (Table 1).
Results clearly show that the slipping times of the control
groups were longer than those of groups treated with com-
pounds I and II. The percentage increases in time induced
by compounds I and IT were 52% and 42%, respectively.
The coordinated movement ability of the groups treated
with compound I was significantly different compared with
the control group (P <0.05); treatment with compound II
did not show any differences compared with the control
group (P> 0.05).

Table 1 Effects of compounds I and II on spontaneous activity, arm elevating times, coordinated movement and sleeping time induced by suprathreshold sodium pentobarbital

Slipping time (s) Sleeping time (min)

Arm elevating times

Walking time (s)

Animal

number

Compound I Compound II

Control

Compound II

Control Compound I

Compound I  Compound II

Control

Compound I Compound IT

Control

108
103

144

95
122
103

0.71
0.45
2.13
2.02
1.54
2.88
0.69
1.83
0.4

0.94
2.03
1.56
0.51
0.83

0.7

3.14
1.22
0.32
4.07
3.19
2.36
0.68
3.6

1.93
3.55

27

20
21
15

26.36 67.28

18.21

62
108.25

90
108

10
18
13

26.33
2

117
124

31

5.3

15.28
38.89

20.38

51.3

102

86
69

21

12.14
42.9

77.25
50.74

63.4

92
104
103

159

15
17

11
26

89
108

56
92

141

89.17

9.42
35.07
18.19
20.58

0.78
1.82
2.11
0.36

28

36.25

55.94
91.28

42.5

156
183

117
131

11

12
11

30

20.26

78

12
16

18.61
54.32

114

110

79

1.32

11

12.3

82.92

10

121.30+8.87*

115.80+7.17*

1.40£0.26F 92.10£7.93

6.54+£2.07t 2.41+£042 1.16+0.21*

16.00+2.51 15.80£2.74%

39.26£7.75*

68.56+6.58 21.47+£2.99%*

Mean £s.e.m.

Results are expressed as mean *s.e.m. of sleep times. Compounds I and II were given at doses of 0.15 mL per 10 g per day; sodium pentobarbital was given at an intraperitoneal dose of 50 mg kg‘l. The

number of animals in each group was 10. *P <0.05, **P <0.01, P >0.05 (one-way analysis of variance followed by Scheffe’s test).
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Mouse sleeping studies

Suprathreshold barbiturate sleeping time

An additional 30 mice were subdivided into three groups (10
animals in each group). At 30 min after the last administra-
tion, the test was conducted. Data were obtained in seconds
and submitted to statistical analysis, but in order to simplify
the visualization, the results were transformed into minutes in
Table 1 and the individual data for all animals are presented.
It can be concluded from the results that the mean sleep dura-
tion of the control group was 92.10 min, while the sleep dura-
tion was prolonged by 25% and 32% in the groups that were
administered compounds I and II, respectively. Statistical
analysis showed that groups treated with compounds I and II
produced a significant increase in the hypnotic effect induced
by pentobarbital (P <0.05).

Subthreshold barbiturate sleeping time

The enhanced sleeping time may be due to interference with
barbiturate enzymatic metabolism (Carvalho-Freitas & Costa
2002). In order to exclude this situation, a subthreshold
sodium barbiturate test is necessary. After suprathreshold bar-
biturate (50 mg kg~!) induced sleeping tests, animals in each
of the groups were continuously treated with the same doses
of compounds I and II for 12 days. At 30 min after the last
administration, subthreshold sodium barbiturate (40 mg kg_l)
was injected. At 15 min after injection of sodium barbiturate,
the animals in which the loss and regaining of the righting
reflex continued for 1 min or more were considered positive.
The number of sleeping animals was recorded. The percent-
age of animals falling asleep in the control group and groups
treated with compound I and compound II were 0%, 30% and
20%, respectively.

Discussion

SZJ is a well known medicinal plant in Southeast Asia and its
aqueous extracts have been traditionally used in China for the
treatment of anxiety and insomnia (Li etal 1999; Wang etal
2003). The ethanolic extracts of SZJ exhibit anxiolytic effects at
low doses and sedative effects at higher doses (Peng etal 2000).
The plant was recommended in the earliest medicine mono-
graph, Shen Nong’s Herbal known as Classic on the Herbal
(2500 years ago), for anxiety and insomnia (Zhang 2004). Its
mechanism of action is by decreasing monoaminergic system
activity (Hsieh etal 1986) and inhibiting the Glu-mediated exci-
tatory signal pathway in hippocampus (Zhang etal 2003).

In recent years, using a single type of compound, such as
flavonoids, saponins, oils or alkaloids, extracted from SZJ,
some sedative and hypnotic effects have been reported.
Although some authors suggest that flavonoids, alkaloids and
oils of SZJ could be the potential active components in seda-
tion and hypnosis (Yuan etal 1987; Wu etal 1993; Guo etal
1996; Cheng etal 2000), another viewpoint is that spinosins
could be the major component of SZJ contributing its action
on insomnia (Siekwoo 1978; Guo etal 1998; Peng et al 2000).
The extract of total saponins from SZJ was used in animal
tests and the hypnotic activity in mouse and rat was shown
(Guo etal 1996).
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To investigate the sedative and hypnotic effects of sapon-
ins of SZJ, we used silica gel column chromatography and
TLC to further purify the crude extract of total saponins from
SZJ. Using HPLC analysis, two single components of sapon-
ins, compounds I and II, were identified. A side-by-side com-
parison between the sedative and hypnotic effects of the two
compounds of saponins was conducted. The sedative activity
of both compounds was apparent in multiple assays in mice.
Except for the effect on arm elevating, the inhibition of loco-
motor activity by both compounds in mice, reduced ability to
maintain balance on a slippery glass plate, elongation of
sodium pentobarbital induced sleeping time, and increased
number of sleeping animals under the subthreshold dose of
sodium barbital all suggest a consistent sedative profile. The
activity of compounds I and II in the locomotor activity and
passive avoidance tests in mice, both widely used as mea-
sures of sedative effects, may have resulted from the sedative
effects of the compounds. The suprathreshold and subthresh-
old barbiturate induced sleeping tests are the basic methods
for testing the hypnotic action of drugs. Both compounds
increased the sleeping time and number of sleeping mice,
suggesting that they have hypnotic activity.

In this study, we intended to isolate and purify the sapon-
ins from SZJ and then test the activity of the purified com-
pounds using animal tests. If the compounds were found to
have sedative and hypnotic activity, the next step would be
the identification of their structures to determine which one of
the known saponins from SZJ they belong to. Preliminary
GC-MS analysis showed that the molecular weights of com-
pounds I and II were 712 and 840, respectively, evidently
lower than jujuboside A (1120), B (940), D (1070) or E
(1236). Thus, further structural identification to the two com-
pounds is necessary. After that, we aim to submit the purified
compounds I and II to extensive in-vivo pharmacological
studies, including dose—response patterns (mouse behavioural
studies, delayed non-match to sample, Vogel test, pentobarbi-
tal sleeping time test) and combined animal tests with the two
compounds, to estimate their potential as drugs.

In conclusion, two single components of saponins were
isolated and identified from SZJ. Behavioural and sleeping
tests showed that both compounds had sedative and hypnotic
effects in mice. When assessed over all of the assays, the sed-
ative and hypnotic effects of compound I was a little higher
than that of compound II. The structures of the two com-
pounds need to be determined by a combination of spectro-
scopic and chemical methods, and extensive pharmacological
studies should be conducted on the two compounds in the
future.
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