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induced by I-clausenamide and high-frequency stimulation

in rat hippocampus in vivol
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ABSTRACT

AIM: To swdy the antagonistic effect of seclective
neuronal nitric-oxide svnthase ( nNOS ) inhibitor 7-
nitroindazole on the long-term potemiation { LTP )
induced by {-clausenamide { Cla) in rat hippocampus in
METHODS : Population spike (PS) of evoked
potentials was determined by extracellular recording

Vive .

technique in the hippocampal dentate gyrus (DG) of
anesthetized rats. RESULTS. 7-Nitroindazole 2 nmol
icv blocked the induction of LTP elicited by high-
frequency (100 Hz) stimulation or Cla 5 nmol icy { P
<001}, and I-arginine 225 mg-kg~! ip prevented
the action of 7-nitroindazole { P < 0.01). CONCLU-
SION: WNitric oxide produced by nNOS plays a role in
the induction of Cla-induced LTP in hippocampus .

INTRODUCTION

The
potentiation ( LTP), long-term depression (LTD) ., and
metaplasticity was the cellular basis of leamning and
memory '*'.  Since Bliss and Lomo found the
phenomenon of LTP in 1973, the exact cellular and
molecular mechanism of synaptic plasticity is still
A recent hypothesis was that the retrograde

svoaptic  plasticity including long- term

unknown.
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messengers such as nitric oxide {NQ) were mvolved in
the synaptic plasticityla"‘] . For elucidating the possible
role of NO in the synaptic plasticity . many nitric-oxide
synthase ( NOS } inhibitors were wsed in cultured
neurons, hippocampal slices. and anesthetized, freely
moving or gene-knockout animals ® .
some paradox results in those experiments, and one
reason for this was that they used different NOS
inhibitors .

Clausenamide is one of the components isolated
from Clausena lgnsiwm ( Lour) Skeels. f-Clause-
namide { Cla}, [irst synthesized in our institute, had
been shown to facilitate learning and memory and to

There were

improve amnesia impaired by NaNQs and anisodine in
mice-™ . Our laboratory found that Cla induced LTP in
the dentate gyrus of anesthetized rats *'.  The present
study aimed to observe whether the activation of nNOS
was responsible 1o the Cla-induced LTP.

I-Clausenamide

MATERIALS AND METHODS

Rats Male Sprague-Dawley ras { n = 48, 200 -
300 g, Grade [l . Certificate No 07, the Administrative
Commission of Medical Experimental Animals of
Beijing. from the Center of Experimental Animals.
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National Institute for the Control of Pharmaceutical and
Biological Products) were fed lab chow and water ad
tib and housed (19 - 23 C) under a 12-h light/dark
cycle.

Drugs Cla, provided by Prof HUANG Liang
{ Department of Medicinal Synthetic Chemistry ) was
dissolved with Me,SO ( Sigma, USA} to give a stock
solution of 0.5 mol - L™!, and diluted with 0.9 %
WNaCl solution.  7-Nitroindazole (7-NI, Sigma, USA)
was dissolved in Me,S0 (0.1 mol-L~") and diluted to
the required concentration with 0.9 % WNaCl solution.
The comesponding dose of Me,SO was dissolved in
0.9 % NaCl solution for vehicle control. Dmug or
vehicle injections were delivered via a cannula inserted
through the outer guide cannula that was placed in the
lateral cerebral ventricle. After measuring the baseline
for 25 min from the dentate gyrus of the same
hemisphere, the cannnla was left in place for 5-min
after each inmjection. The drugs or wvehicle were
injected in a 5 pl. volume over a 5-min period through
a Hamilton syringe.

Drug doses were calculated on the basis that these
drugs would theoretically achieved the brain
concentration required . assuming the brain volume to be
approximately 2 mL'®.  Estimated final brain
concentration of Cla 2.5 umol*L~" and 7-NI 1 smol-
L ' was used. The vehicle or 7-NI was injected into
the lateral cerebral ventricle at 15 min before the use of
HFS or Cla. fL-Arginine 225 mg-kg™! ip was given 5
min before application of 7-NI.

Electrophysiological recording The rats
were anesthetized with urethane 1.5 g-kg™' ip in the
duration of all experiments. Surgical preparation and
glectrophysiological recording were performed as
described 7 .

Data collection and analysis Each time point
which averaged 5 records of evoked responses was
measured every 5 or 15 min. The mean baseline was
obtained by averaging the PS amplitude of 5 time points
within 25 min before drug administration or tetanus.
The data were expressed as mean percentage of mean
baseline + 5 and compared with f-test.

RESULTS

Basic synaptic transmission Population
spike (P8} was elicited at the control test frequency of

0.032 Hz for 105-min to determine effects of 7-NI and
the vehicle on the baseline of PS amplitude {Fig 1}.
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Fig 1. Effects of vehicle and 7-NI on baseline PS

amplitude in DG of hippocampus. A} The wehicle
did not affect the baseline PS amplitude significantly
over the dration of the experiments (n = 6,
P> 0.05). B) The 7-NI {2 mmwl, icv) did not affect
the baseline PS amplitude significantly over the
duration of the experiments {n=6, %P >0.05}.

The amplitude of the PS did not change signi-
ficandy after the vehicle over 105-min recording
period. For example, the PS amplitude at 10, 30,
60, and 105-min after the vehicle administration
measured 96 % £ 10 %, 105 % £ 6 %, 107 % =
12 %, 106 % = 7 %, respectively (n =6, P>
0.05). The change of PS amplitude was not obyious
after 7-NI {2 nmol. icv). They measured 107 % =
5%,9% %6 %, 9% +7T %, and 99 % +9 %
at 10, 30, 60, and 105 min, respectively. There was
no significant difference between two groups (n =6,
P>90.05). (Figl).

LTP induced by HFS  7-NI inhibited the
induction of LTP induced by HFS {100 Hz} after 15-
min gpplication of wehicle. The values of PS
amplimde were 234 % #+ 13 %, 190 % = 15 %,
185 % =15 %, and 188 % + 15 % at 10, 30, 60.
and 90 min after tetanic stimuli (n = 6)}. This LTP
was prevented by T-NI (=6, P<0.01). The PS
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amplitude measured 93 % £ 6 % at 10 min, 109 % +
10 % at 30 min, 107 % = 11 % at 60 min, and
101 % =7 % at 90 min. {Fig 2)

LTP induced by Cla 7-NI inhibited the
induction of LTP induced by Cla. After 15 min of
administration of vehicle, Cla (5 nmol. icv) resulted in
an enhancement of symaptic wansmission 147 % +
T%,167 % 9%, 178 % 11 %, and 196 % =
14 % at 10, 30, 60, and 90 nin., respectively,
indicating that LTP was induced. 7-NI {2 nmol, icv)
15 min before Cla inhibited the synaptic enhancement
(n=06, P<0.0l). The PS amplimde changed to
1M % +14 %, 115 % 9%, 112% £6 %, and
113 % =10 % at 10, 30, 60, and 90 min. respective-
ly. (Fig 2)

L-Arginine reversed the action of 7-NI on
the LTP induction  L-Arginine 225 mg - kg™' ip
was injected > min before 7-NI.  In the HFS-groups,
the PS amplitude measured 166 % =8 %, 152 % +
D%, 149 % +12 %, and 147 % =6 % at 10, 30,
60, and 90 min {Fig 3A, n =6). This synaptic
transimussion increased significantly compared with the
S-NI + HES group (n=06, P <0.01) but decreased s

Cla (5 nmol, icv} groups, the PS amplitude of rats
injected with L-arginine (225 mg-kg !, ip) and 7-NI
(2 nmol, icv} was higher than that of rats injected with
only 7-NI {rn =6. P < 0.01) during the recording
period, and recovered the level to that of the vehicle
group at 10, 15, 75, and 90 min {n =6. P <0.05)
(Fig 3B).

DISCUSSION

The present resulis showed clearly that 7-NI
prevented the induction of LTP induced by HFS or Cla,
and L-arginine reversed those effects.  Because 7-NI is
a potent nNOS selective inhibitor and L-arginine is the
substrate used by NOS for NO production. it is clear
that NO synthesized by nNOS was involved in the Cla-
induced synaptic enhancement .

The possibility that NO may be a retrograde
messenger in synaptic plasticity has excited considerable
interest.  Being a membrane permanent retrograde
signal, NO produced by the post-synaptic neuron may
back to the presynaptic neuron and is absorbed by the
haem group of an NO-semsitive guanylate cyclase.

the vehicle + HFS group {n =6. P <0.01). Inthe Production of cGMP then evokes an increase in release
wpr——————— — [T
A Dvehicle B A vehicle
250 F L
%—Q A HrS ACH
200 + 1t -
33333 N
- 150 } 1 !g -
-
2 10| g™ . e ]
- A A A s
E 50 L L L 1 1 1 ] L1 (] L1 M N \ N M }
s 180 —————————y [T
& C c
& 1251 1 E
R tlagi)
100 | % 0
FAWA !
75t A\ NI 4 Cla
DA A Hrs A
50 LA L ) L 1. L ) | (1 1 1 1 b 1 | (]
40 20 0 20 40 60 B30 100 40 -20 0 20 40 60 80 100
Time/min

Fig 2. Effects of vehicle and 7-NI on induction of LTP in DG of hippocampus. A} LTP induced by HFS (100 Hz)

after the vehicle injection.
HFS (100 Hz} was blocked by the 7-NI [2 nmwol, icv) (n
blocked by the 7-NI (2 nmol, icv] (n=6, P <0.01).

B) LTP induced by Cla (5 nmol, icv) after the vehicle injection. C) LTP induced by
=6, ‘P<0.01).

D} LTP induced by Cla (5 mmol, icv} was
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Fig 3. L-Arginine attenuated the action of 7-NI on

induction of LTP. A) L-Arginine {225 mg-kg"!, ip)
prevented the effect of 7-NI (2 nmol) on the LTP
induced by HFS {n = 6, “P<0D.01). The PS
amplitude did not reach the level of vehicle + HFS
group (n =6, P <0.01). B) L-Arginine {225 mg"
kg1, ip) prevented the effect of 7-NI {2 nmol, icv]
on the LTP induced by Cla {5 nmol, icv) (n =6,
iP<0.01}. It changed the PS amplitude to the level
of vehicle + Cla group at 10, 15, 75, and %0 min
{(iP>0.05, P <0.05).

of neurotransmitter or other synaptic activities'™ .

There are three forms of NOS in the bmin including
endothelial NOS {eNOS). inducible NOS (iNOS).
and neuronal NOS (aNOS) . 7-NI is a potent inhibitor
of NOS which exhibits selectivity for the nNOS without
increasing blood pressure ). There are differences in
the sensitivity of different hippocampal pathways to
NOS inhibitors even with the same brain region and
there is different neurochemical mechanism in different
hippocampal region!""'?),  Although the NOS
inhibitors blocked the induction of LTP in many studies
in vitro, some NOS inhibitor was failed to block the
LTP in vivo. L-N"-Nitroaginine methyl ester
derivative ( L-NAME) had no effect, but Ciaran Doyle
et al found that 7-NI 30 mg-kg~', ip could prevent
the LTP induction in CAl in vivo™ | The present
study found the same result in DG in vive, which

supported the view that selective nNOS inhibitor
blocked the induction of LTP in In our
experiment, action of L-arginine on the inhibition of
7-NI provided an explanation that 7-NI inhibited NO
production and then prevented the induction of LTP.
Cla was found to improve leaming and memory in the
amnesia animal. It also enhanced the basic synaptic
transmission and the magnitude of LTP induced by
HFS!®7, In the present study, 7-NI was found to
block the induction of LTP by Cla , which supports the
previous results and suggests that one of the pootropic
mechanism of Cla is affecting the retrograde messenger
NO in the brain and then resulting in the synaptic
transimssion efficacy enhancement .

In conclusion, NO especially produoced by
neuronal nitric-oxide synthase contributed to the Cla-
induced LTP.

vive .
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