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ZHU Zi-Tao
Chinal:

{ Department o} Pharmacelogy., Nanping Raifway Medical College. Nanjing Z10008.
ZHANG Xue-Xiang. LIU Jian, JIN Guo-Zhang

(Shanghai Institute of Materia Medica,

Chinese Academy of Sciences. Shanghai 200031, China)

KEY WORDS
electrophysiclogy; hippocampus

cerebral ischemia; desipramine;

AIM: To study the spontanecus [iring of CA1l
neurgns in rat hippocampus after transient cere-
bral ischemia and the effect of desipramine (Des
on the post-ischemic electric activity of CA1 neu-
rONs. METHODS .
recordings were performed in rats on d 3 after 10

Single-unit extracellular
min of cerebral ischemia by occlusion of 4 arter-
ies. Des and saline were injected into a tail vein.
The histological changes of CA1l neurons was as-
sessed by the neuronal density of the CA1 sector.
RESULTS: The spontaneous firing rate of CAl
neurons on d 3 after ischemia was enhanced in
Des (0.2
and 0.4 mg » kg™', iv. 2a=5 & 6, respectively?

comparison with the control value.

reduced dose-dependently the increase of firing

rate with maximal inhibition by 6 min {38 % &

85 4% to 9 min (69 % & 24 24) (us5 wvehicle
group. P<0.01). About 30 %{ cells in CA1 re-
gion showed necrotic changes. CONCLUSION ;
Des antagonized the hyperexcitability of CAl

neurons after cerebral 1schemia.

Transient cercbral ischemia causes delayed
neurgnal death (DIND) in certain vulnerable re-
gion of the brain such as the pyramidal cells of
the hippocampal CA1l subfield'".
release of excitatory amino acid {tEAA) activating
on N-methyl-D-aspartate {NMDA ) receptor and

resulting disturbance of intracellular ecaleium

An excessive

homeostasis are thought to be critical f{actors in
the pathogenesis of ischemic neuronal necro-
‘o "Ea3]

sis Desipramine {Des), a tricyclic antide-

pressant, interacted with the NMDA -receptor
complex to block the action of NMDA'Y', and
protected mice against NMDA-induced lethali-

Gl

ty *', These findings raise the possibility of de-
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veloping a novel class of NIMDA —receptor antago-
The aim of this
study focused to investigate the effect of Des on

nist or neuroprotective drug.

post-ischemic electric activity of CA1 neurons, so
as to clarify the pharmacological feature of Des in

antagonizing ischemic brain damage.
MATERIALS AND METHODS

Rats Sprague-Dawley tats ( 1 . n= 30} weighing
284+ 5 28 g were housed under a light-dark schedule L7
am— 7 pm) at 20 C with free access to fond and water.
Rats were divided into 2 groups: 10-min ischemia and
sham-operated control, Alter the rats were anesthevized
with ketamine (0. 12 g * kg ="+ ip !+ both vertebral arteries
were electrocauterized at the 1lst cervical vertebrae and

On the fol-

lowing day, rats were anesthetized with ether and hep-

both common carotid arteries were exposed.

arinized (108 IU « kg™', ip). 10-mm cerebral ischemia
was produced by bilateral carotid artery occlusmen using
small metal clips’. The EEG revealed a complete loss of
activity within 100 s, Removal of the caretid clips per-
mitted recirculation. Body temperature was kept at 37—
38 C with a heating lamp.

On the d 3 after rerebral

ischemia. single-unmit extracellular recordings were made

Single-onit recording

'\ ip) anesthesia following 1n-

under urethane (1.2 g » kg™
sertion of a plastic cannula in a lateral tail vein for iv drugs
and additional anesthetic. Using sterectaxic procedures a
small burr hole was made in the skull and a glass electrode
(tip diameter 2~ 3 pm; impedance 4—7 M)} was inserted
into the CAl region (bregma — 3.8 to — 4. U mm. lateral
1. 8—2. 2 mm and depth 2. 0— 2, 3 mm from the surface of
the braini. The identification of CAl pyramidal cells was
ascertained by their electrophysiological characteristics'’'.
1! spontanecus firing pattern fsingle and complex, irregu-
lar ¥y 21 duration of negative spike (0.2 — 0.4 ms ¥y
3t rate of firing (mostly 0. 5—5/s5 ) and their localization
(the electrode tip in the pyramadal cell layer). Microelec-
trode signals were amplified and monitored with a srorage
escilloscope « or on line, analyzed with a personal comput-
er for interspike interval histogram (ISH?Y.

Des HClL (Sigma) 0.2 and 0.4 mg » kg™ ' tip saline,
The vehicle (0.9 &4 NaCl.

1 mL * kg™') was injected prior to Des for control.  The

rH =6.0) was injected 1v.

unit activity was recorded until the rate appeared to he
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stable for S-min a~ three 3-min ISH. OQunly ope cell was
recarded in each rar using Des (#=11}.

Histological examination Ar the end of experiment.
the lermunal sire of electrode was marked wirh 1he blue
dve. Rats were perfused trans_cardlally with 4 "%
formaldebyde in PBS .1 mol » L' ¢pH =7.3). The
brain sections 15 pm) were stained with cresyl violet and
the meuraonal density (ND) 10 CAI region was examined
with a light microscape.

Statistics Data were expressed as arithmetical ¥ —s.
The changes of the unir activily and NI of CAl neurons
were assessed by the ¢ test (two-tailed » and single-facror
ANOVA. Sratistical analyses were performed with Srat
View 51Z -+ Sofrware (Brain Power Incy, CA) on a

Macintosh SE computer.
RESULTS

Spontaneous activity of ‘hippo-campal CA1l
neurons In 30 rats gperated by sham or ischemi-
a. the unit activities of 78 neurons of CA]l region
were recorded. The firing rate of CAl neurons
in the control rats was 2. 6+ 1. 7 spikes + s =
42) which was consistent with previous report'’.
However. on d 3 after ischemia. the firing rate
increased to 6.3+ 2.8 spikes « 5 '{(a=236: P
{). 01) which was characterized by an increment of
complex firing pattern.

Effect of Des on CA1l spontaneous hyper-
In 11 post-ischemic rats,
Des (0. 2 and 0. 4 mg » kg™ ') caused a decrease of

CAI1 spontaneous [iring rate that was maximal

activity after ischemia

during 6 to 9 min after injection (Fig I).
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Fig 1. Effect of iv Des on spontanecus activity of

hippocampal CA1l neurons in post-ischemic rats.

The inhibition of the unit activity was more
remarkable by Des 0.4 mg « kg™’. and recovered
completely after 15— 20 min. In contrary. vehi-
cle failed to reduce CA1 firing rates to the signifi-

cant degree (30 %4 of the predrug rate) in com-
[

parison with Des 0.2 mg » kg ' (ANOVA, P
0.01) (Fig 2.
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Fig 2. Dose—dependent effects of post-ischemically
admlinistered Des on the spontaneous Firing rate of CA|
nearons. The rate (100 %5 for saline (3 min befure iv
Des. r=10) and Des (rn=11) groups were 5. 4+ 2. 4 and
5.8+ 2. 6 splkes ~ 57", respectively.

P<Z0. 05, "P<Zg. 01 vs control. ¥+ s.

Histology of hippocampal CA1 neurons after
ischemia
did not show marked abnormalities (ND; 157 %
21/tnmy 2= 7). 1In d 3 rats after ischemia,
about 50 % of stratum pyramidale (ND; 78+ 31/
mm, #»=28) in CAT region was decreased signifi-

In sham-operated rats, CAI neurons

cantly with condensed nuclei. shrunken cyto-
plasm. and pyknotic neurons.

DISCUSSION

The present study observed that the sponta-
neous firing rate of neurons in hippocampal CA1l
was markedly increased on d 3 after 10 min of

transient cerebral ischemia. This result was

closely resemble to that of Chang'’, who de-
scribed the increased spontaneous activity of CAIT
neurons ip a somewhat linear {ashion from d 1 to
d 3 alfter ischemia in the rat by two-vessel occlu-
s10n. In hyperex-

citability of hippocampal CAl neurons was also

Mongolian gerbils, the

observed consistently after 24 h of 5 min ischemi-
a®. Thus, it 15 indicated that the hyperex-
citability of CA1l neurons by transient ischemia
keeps 1its post-effect during the reperfusion,
whirh may be underlying the pathomechanisms of
delayed neuronal death.

After transient ischemia a disturbed calcium

homeostasis™ and the impairment of protein syn-
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Y in the vulnerable neurons are often in-

thesis
volved during the chronic stage of reperfusion,
and the time course of these delay disturbance is
similar to that of the increased electric activity of
CA] neurons afier ischemia. Some sodium/cal-
ctumn channel blockers and EAA antagonists
{such as dizocilpine maleate) decrease the ex-
citability of CA1l neurons in parallel with their

neuroprotective action™'’,

These facis suggest
that the increased excitabilities of CA1l neurons
appear tp participate in ischemic cell damages.
Our histological examination also revealed the
necrotic ¢changes of CAl neurons at d 3 after is-
chemia. So it is possible that the slowly devel-
oping pathologic process within the CA1l region
that is triggered by events during the acute stage
of ischemia could cause the increased firing rate of
CA1 neurons and their eventual death,

The tricyclic antidepressant drug Des was ef-
fective to antagonize the increased electric activity
of CA1l neurons after ischemia. This inhibitory
result of Des may be deduced to endow the pro-
tective role on ischemic brain damage. since the
increased excitability of CAl neurons after is-
chemia was supposed to be linked to the delayed
On the other

hand, by using single-channel recording it is also

ischemia-induced neuronal death,.

confirmed that Des, as a potent and selective
NMDA receptor antagonist, is able to block the
response of the membrane potential of hippocam-
pal cell to NMDA'Y?'. The blockade of NMDA
recepior effectively protected mice against NM-
DA-induced lethality®'.
suggest that the inhibitory effect of Des may cor-

However . some studies

relate with its well-known action of inhibition of
norepinephrine (NEY uptake in neurons. Des in-
hibited the ischemia-induced MNE release and
the activity of the locus coeruleus system''*?,
were available for decreasing the sensitivity of
CA1l neuron to the excitatory transmitters or a

151

depolarizing stimulus™®, which may be protective

in the postischemic phase. 3 )--_ 3 3
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AIM: To study the effect of nitrendipine (Nit)
on the capacity of caleium binding of erythrocyte
membrane and total intraerythrocyte calcium con-
tent in spontanenus hypertensive rats {SHR).
METHODS : Systolic blood pressure {SBP ) of the
consciouse rats was monitored by taileuff method
with a BP and HR recorder for MRS-E rat.
Erythrocyte membrane was prepared according to
modified Bing's method. Calcium binding of
membrane and total intraerythrocyte calcium con-
tent was determined by an automatic absorption
spectrophotometer. The membrane protein was
determined with a colorimetric methed. RE-
SULTS: Nit (ig 10 mg-kg 'gd %20 4d) induced a
significant reduction in total intraerythrocyte cal-
ctum content {169+ 18 vs 87414 pwmol/L cell. P
<20.01) accompanied by a marked fall of SBP
(27.1£2.5vs 16. 74 1. 0 kPa, P<Z0.01) but ex-
erted no influence on the capacity of calcium bind-
ing of erythrocyte membrane under incubation in
CaCl,0 ¢basal calcium binding} or 40 mmol «L™!
{maximal calcium binding? (21. 91+ 2. 3 ws 22. 7
+2.1 and 55+ 14 w5 53423 umol/g protein. re-
spectively . P=>>0. 05, CONCLUSION : The an-
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tihypertensive effect of Nit is related to the reduc-
tion of intracellular calcium and possibly have no
direct relation to the capacity of calcium binding

of cell membrane.

Abnormalities of calcium metabolism were

2 and in

found in essential hypertensive patients
SHR'* with elevation of intracellular free calcium
mn erythrocyte and reduction of calcium binding to

the erythrocyte* ™%,

Nitrendipine (Nit) is a cal-
cium channel blocker and used in the treatment of
hypertension'®'. The present study was designed
to evaluate the effects of Nir on calcium binding
of erythrocyte and total intraerythrocyte calcium

content in SHR.,
MATERIALS AND METHODS

Reagents MNit was purchased from Nanjing Pharma-

ceutical Co. Other reagents were of AR grade.  All solu-

tions were prepared with deionized distilled water. Con-

tainers were treated with 9. 1 %j nitric acid for 48 b, and
washed with deiomzed water.

Rats SHR and Wistar-Kyota (WKY » rats of 12-wk
old, both sexes. were provided by the Animal Breeding
Center of Fuwai Hospital.

The SHR rats were randomly divided into 2 groups:
For che treated group, Nit 10 mg kg ' was given daily by
gavage Jor 20d.  The control rats and WKY received only
solvent of the same volume. All rars were maintained on
the pellet food and tap water ad &6,  Systolic blood pres-
sure (SBP? of the conscious rats was monitored regularly
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