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Inhibitory effect of jujuboside A on penicillin sodium induced
hyperactivity in rat hippocampal CA1 area in vitro’
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ABSTRACT

AIM: To study the effect of jujuboside A (JuA), ome
constituent of Chinese herbal medicine Ziziphus jujuba
Mill Var spinose (Bunge} Hu,on the penicillin sodium
induced hyperactivity in rat CAl neuwrons in vitro.
METHODS Hippocampal slices were obtained from the
Sprague-Dawley rat brain and populational signals were
measured from CAl neurons of hippocampal slices using
the exiracellular recording techmique.  RESULTS:
Penicillin sodium of 500, 1000, and 2000 kU/L were
found to excite hippocampal CAl neurons in a concentra-
tion-dependent manner in virro. This excitatory effect of
penicillin sodium could be inhibited by phenobarbital
sodium of 1.02 -0.05 g/L and JuA of 0.05-0.10 g/
I.. CONCLUSION: A high dose of JuA can inhibit the
hyperactivity of hippocampal CAl area induced by peni-
cillin sodium, The inhibition of the amplitude of the first
population spike {PS) and the latency of PS are more
pronounced than the slope of the feld excitatory post-
synaptic potential.

INTRODUCTION

Ziziphus juiuba Milt Var spinosa (Bunge) Hu, has
been used for decades as @ sedative-hypnotic drug for
symptorns caused by the hyperactivity of the central ner-
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vous system (CNS) such as insomaia and dysphoria''’.
Experimental studies validated that it could inhibit the
spontaneoUs activity, facilitate the hypnotic action of pen-
tobarbital, and antagonize the excitatory action of mor-
phine and pt:mylenetclmzole”m. Several constituents in
it were found effective, ie, saponin® ',
etc. Recently, several alkaloids were also observed in
it"!. However, most of previous experiments focused
on the study of behavioral changes and the mechanism of
its inhibitory action has aot been fully understood yet.
There are many mechanisms of depressamt drugs on
the CNS. Tt is well known that many CNS depressant
drugs exert their actions through the y-aminobutyrate
{ GABA )-mediated mechanisms. while some experimen-
tal swudics following that suggest that the activity of cen-
ra] neurons can also be inhibited by increasing the
potassium conductancel”’ . Penicillin sodium is consid-
ered as a suitable excitatory agent of the CNS since it can
improve the activities of the CNS through the GABA and
glutamate way'®! . For example, it facilitates excitatory
1100 and has an

flavone™™ ,

synaptic events in mvertebrate systems
action at pre-synaptic terminals'™! . Tt also competes the
binding action of GABA and its receptor 2 .

The present study tried to examine the etfect of juju-
boside A (JuA»™, a constituent of Chinese herbal
medicine Ziziphus jujuba Mill Var spinosa (Bunge) Hu.
on the penicillin sodium-induced hypeructivity in CAl
area of the rat hippocampal stices in viro .

MATERIALS AND METHODS

Chemicals and animals  JuA was provided by
National Institwe for the Control of Pharmaceutical and
Biological Products; penicillin sodium and phenobarbital
sodium from China Medical Bioproduct Co; poatamine
sky blue { Chicago sky blue 6B) from Sigma Chemical
Co: Sprague-Dawley rais (&, Grade [] . Certificate
No 2001001, weighing 180 200 g) were obtained from
the Zhejiang Center of Laboratory Animals.
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Structure of jujuboside A

Preparation of slices  Rat hippocarpal slices
were prepared as previously described ™' . Briefly, the
brain was removed from adult rat without anaesthesia,
and the hippocampus was dissected free and placed in
chilled artificial cerebrospinal fluid (ACSF)}. Transver-
sal slices ranged from 450 1o 550 pm in thickness wene
cut with a mechanical chopper at 0 C and incubated in
the ACSF at 25 T for at least 90 min. The ACSF used
was previously saturated with 95 % s and 5 % CO,.
Before measurements, slices were transferred to an inter-
face chamber where they were continuously perfused at 1
mL/min with the saturated ACSF, Water controlled by
a heat-sensitive resistance was used to keep the bathing
medium at 34 = 35 T bubbled with the mixed gas of
95 % Oyand 5 % COy.

Application of drugs  Penicillin sodium of dif-
ferent concentrations dissolved in the ACSF was applied
to excite the hippocampal slices, After the slices were
excited by penicillin sodium, they were superfused using
the control medium ( normal ACSF ), phenobarbital
sodium, and JuA of different concentrations.

Extracellular recording  Field potentials were
recorded extracellularly using glass microelectrodes.  The
electrode was made by a micropipette puller ( Model
P87, Sutter Instrument Co, USA) of 1 —2 M resis-
tance , and filled with 0.5 mol/L sodium acetate and 2 %
portamine sky blue. [t was placed in the pyramidal cell
layer of CAl region during recording. Electrical pulses
of 30 pA, 0.01 Hz, and 0.1 ms duration (3IC-4, Guo-
tai, Shanghai, China) were used to stimulate the cells.
The pulse was rectified to stabilize the current before be-
ing applied to the schaffer collateral commissural pathway
via a monopolar and insulated tungsten wire electrode.
Both the recording and stimulating electrodes were con-

trolled by the micromanipulators (WPI Inc, USA}. Po-
tentials were provided through a high impedance amplifier
{FD223, WPI Inc, USA) to a DC preamplifier { Model
FZG-81, Shanghai Jialong Inc, China).

Data analysis  The signals from the preamplifier
were sampled at the frequency of 10 kHz by the Power-
lab/4S A/D conversion system ( AD Inc, Australia). In
each experiment, the slope of the field excitatory post-
synaplic potential ({EPSP) and the number of population
spike(PS), the amplitude of the first PS and the latency
of the PS, were obtained and normalized by the mean
values of the baseline recording.  All values are given in
&z 5. 'The data recorded were analyzed using the paired
student t-test ( P <0.05) .

RESULTS

The slices that could keep an induced field potential
with a PS of 1 mV were selected for the experimental
studies {Fig 1A}, Medium perfusing periods were 10
min for penicillin sodium; and 15 min for other drugs.

T
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Fig 1. The field potentials of the slices treated by dif-
ferent drugs. A: Normal slice; B, C, and D: Slices
treated with penicillin sodium 500 kU/L, 1000 kU/L,
and 2000 KU/L, respecitvely. Phml, Pm2, Phn3:
Slices treated with phenobarbital sedium 0.01, 0. 05,
0.10 g/L after penicillin sodium 2000 kU/L treatment
(Phn: phenoharbital sodium). JuAl, JuA2, JuA3:
Slice treated with JuA 0, 0.05, 0.10 g/L after penicillin
sodiwm 1000 kU/L treatment.

Effect of penicillin sodium on rat hippocam-
pal slices  Solid penicillin sodium was dissolved in the
distilled water, and diluted by the ACSF into three
different doses, 500 kU/L, 1000 kU-L, and 2000 kU/
L. Penicillin sodiumn was applied to the incubated slices
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for about 10 min and the field potentials were recorded
every other minute.  As a result, penicillin sodium excit-
ed the normal hippocampal slices.  When penicillin sodi-
um 1000 kU-L and 2000 kU/L were applied, the number
of the PS and the amplitude of the first PS were increased
markedly (Tab 1) .
300 kU/L was applied, there was no significant increase
in both the number of PS and the amplitude of the first PS
compared with control (2 > 0.05, Tab 1). The re-
sponses of the slices after 10 min bathing of penicillin
sodium of different concentrations were shown in Fig 1.

However, when penicillin sodium of

Tab 1. The concentration-dependent relationship of the
excitatory effect of penicillin sodium on hippocampal slices
and the inhibitory effect of phenobarbital soditan on the
excitatory status induced by penicillin sodium 2000 kU/L.
n=14. £ + 5. "P<0.05, ‘P<0.01 vs control.
“P < 0.05 vs phenobarbital sodium 0 g/L group.

Dose of drugs Number of PS A”g‘/ﬂ‘; of
Connlt ACSF} L02£0.04 21203
Penicillin sodiam/kUL=? 300 2.2+0.4 34207

1000 3.8+0.7 4.5£0.9"
W0 55410 6314
Phenobarbital sodium/g-L-! 0 59:0.4  6.2820.11
0.01  3.5x0.3 620010
0.2 26203  5.95£0.16
005 2015019 3.29£0.16°

PS; population spike.

Effect of phenobarbital sodium on penicillin
sodium-induced hyperactivities  Slices excited by
penicillin sodium of 2000 kU/L were used, both the
number of PS and the amplitude of the first PS increased
significantly compared with the control ( P <0.01, Tab
1. Solid phenobarbital sodium was dissolved in the dis-

tilled water. and diluted by the ACSF into ditferent cen-
centrations (0. 01 g/L, 0.02 g/L, and 0.05 g/L) be-
fore applied to the penicillin sodium pre-incubated slices.
Phenobarbital sodivm of (.01 g/L had no significant ef-
fect { P>0.05, Tab 1). Phenobarbital sodium of 0.02
g/L inhibited the number of PS ( P <0.03). but no ef-
fect on the amplitude of the first PS { P >0.05, Tab 1),
Phenobarbital sodium of (. 05 g/L inhibited both the
mumber of PS and the amplitude of the first PS (P <
0.05, Tab 1).
ditferent concentrations of phenobarbital sodium for 15

The responses of the slices treated with

min were shown in Fig 1.

Effect of JuA on penicillin sodium-induced
hyperactivities  Slices excited by penicillin sodium
of 1000 kUL were used, both the number of PS and the
amplitude of the first PS were increased greatly compared
with the control, but it had no significant influence on the
latency and the slope of the fEPSP { P> (.05, Tab 2).
Solid JuA was dissolved in distilled water, and diluted by
the ACSF into different concentrations (0.01 g/L, 0.05
g/l., and 0.10 g/L} before applied to the penicillin
sodium pre-incubated slices.  JuA of (0. 01 g/L had no
significant effect { P >0.05, Tab 2). Statistically, JuA
(.05 g/L can inhibit both the number of PS and the am-
plitude of the first PS, but it had no significant influence
on the latency and the slope of the fEPSP ( P > 0.03,
Tab 2). JuA of 0.10 g/L inhibited both the number of
PS and the amplitude of the first PS ( P <0.01, Tab 2).
In addition, it also prolonged the latency and decreased
the slope of the fEPSP (P < 0.0l or 0.03) (Tab 2).
The slope of the fEPSP was more difficult to be influ-
enced by the treatment of drugs than other parameters of
the potential. The responses of the slices after 15 min
treatment of JuA of different concentrations were shown
in Fig 1.

Tab 2. The inhibitory effect of different concentration of JuA on the excitatory status induced by penicillin sodium 1000
KU/L. n=10. xzs. "P<0.05, P<0.01 vs control. P <0.05, /P <0.01 vs penicillin sodivm 1000 kU/L.

Amplitude of

Concentrations of drugs Number of PS First PS/mV Latency of PS/ms Slope of tEPSP
Control 1.02+0.14 2.1%0.3 5.7+0.8 1.3+0.7
Penicillin sodium kU <L ~! 1000 4.8+0.9° 4.2+ 1.3 5.0=1.0 1.4+0.3
JuA gL 0.0l 4.67+0.13 4.5£1.0 A.520.6 1.5+0.6
0.05 3.2+0.6° 2.8=1.3 4.821.0 1.420.5
0.10 1.7520.2% 1.9+0.6' 7.0 00 1M 4. 20°

PS; population spike; fEPSP; field excitatory post-synaptic potential .
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DISCUSSION

We have studied that the effect of penicillin sodium
on hippocampal slices and the effect of phenobarbital
sodium and JuA on penicillin sodium-induced hyperactivi-
ty in hippocampal slices.

It was found that penicillin sodium could induce or-
thodromic hyperactivity in hippocampal slices. The am-
plitude and number of PS increased greatly but the fEPSP
were not greatly affected even when the concentration was
increased.  Furthermore, we have also found that pheno-
harbital sodium of 0.05 g/L, commonly used in prac-
tice, could inhibit the hyperactivity induced by penicillin
sodium. Here phenobarbital sodium acls as a positive
contrel that has inhibitory effect on the CNS activity.
When ditferent concentrations of JuA were added to the
hippocampal slices excited by penicillin sodium of 1000
kU/L, statistical data showed that several parameters en-
hanced by penicillin sodium were all inhibited (o0 a certain
degree and the effect was concentration-dependent. A
high dose of JuA (0.10 g/L) could inhibit the hyperac-
tivity completely and quickly. It took a longer time for
the slices to recover from the inhibited situation. The
middle concentration of JuA (0.05 g/L) could only re-
duce the number of PS and the amplitude of the first PS.
However, the fEPSP and the latency of the PS were not
affected at all. As the concentration was reduced to
0.01 g/L, linle effect of JuA was found on the penicillin
sodium-induced hyperactivity. Because JuA can bind to
CaM in different manners and the binding is concentra-
tion-dependent, it may exert some effect through inhibit-
ing the post-synaptic reactions induced by penicillin sodi-
um ' Our results proved that the high concentration of
JuA extracted from Ziziphus jujuba Mill Var spinosa
{ Bunge) Hu was very effective in inhibiting the penicillin
sodium-induced hyperactivity in hippocampal slices in
vitro . It should be noted that JuA is only one component
of the seed Ziziphus jujuba Mill Var spinosa (Bunge)
Hu, which was tested in this study. Further study on the
combination of the different components of this seed will
help reveal the balanced effect of the complex Chinese
traditional medicine %
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