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The Role of GABAergic Neurons of Hippocampus CA1 Region
in Sleep-Wake Cycle of Rats (Rattus norregicus)
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Abstract: Two stainless steel cannulae were implanted into Sprague-Dawley rat’ s bilateral CAl region of
hippocampus by using brain stereotaxic technique. At the same time four copper electrodes were screwed into
the skull for electroencephalogram (EEG) recording and two silver wires in the neck muscle for electromyogram
(EMG) recording. After drugs were microinjected into hippocampus sleep-wake cycle was observed by
polysomnography. After y-amino-butyric acid (GABA 0.75 pg 1.0 pg) was microinjected into CAl region
of hippocampus wake duration was enhanced (120.7 £13.3 min 124.6 £19.2 min P <0.05) whereas
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total sleep time was reduced (119.4 +13.3 min 115.4 £19.2 min P <0.05) and deep slow wave sleep
duration was also reduced by 53.3% (1 =2.451 P <0.05)or 63.5% (1 =3.367 P <0.01). In contrast
microinjection of bicuculline (Bic) a GAGA, receptor antagonist into hippocampus led to the opposite effects:
total sleep time was increased (165.5 £20.8 min P <0.01 ) wake duration was decreased (74.5 +20.8
min P <0.01) and deep slow wave sleep duration was increased by 79.6% (¢t =2.600 P <0.05).
Microinjection of baclofen (Bac) a GABA, receptor agonist had no effect on sleep and could not block the
effect of GABA either. These results indicate that GABA is involved in the regulation of sleep-wake cycle and
promotes wake in the CAl region of hippocampus. The effect of GABA on sleep is due to the change of deep
slow wave sleep and GABA | receptor mediates the process.

Key words: Hippocampus ;y-amino-butyric acid;Sleep; Wakefulness

- 1.2 SN2
o ( Tokyo Narishige );
ND-82B (
) ;XSD-02 (
). (
; 5- ) 8
5- g/L o Y- N N
5- (Sigma )
b pH 7.4
P .
- 1.3
. Y- 1.3.1 CA1
(~y-amino-butyric acid GABA) (40 mg/kg)
3
( v- 0.6 mm
) GABA Paxinos ~ Watson
( Rattus norregicus) - ? ! CA1  (AP: -5.8
o mm.L/R: + 5.0 mm.-H:7.0 mm)
CAl 1 mm
o 1 mm 1 mm
CAl GABA 1 mm
1 o
1.1 SPF SD
200 ~250 ¢ N
o | B
o / 12 h( 1.3.2 1
06:00 ~18:00 ) Carlos ’

20 ~24C 7 do



<150 Chinese Journal of Zoology 45
o 1.3.5 CA1l
5 min 100 nl  0.25%
( 10%
) 08:00 (
7 d. 1). 21 CAl
1.3.3 o
0.3 mm
CAl
o 10 .

@

(normal saline NS) NS 1.0 pl;@ GABA
GABA(0.5 g/L)1.0 wl.GABA(0.75 ¢/L)1.0
wl-GABA (1.0 g/L) 1.0 pl; ®
(bicuculline Bic) :Bic(0.5 g/L)1.0 ul.Bic
(0.75 g/1)1.0 wl.Bic(1.0 g/L)1.0 pl; @

(baclofen Bac) : Bac(0.5 g/L)
1.0 pl Bac(0.75 g/L) 1.0 wl.Bac (1.0 g/L)
1.0 pl;® NS + GABA  :NS 0.5 pl + GABA
(2.0 g/L)0.5 pl;® Bic + GABA  :Bic(1.0
g/L)0.5 pl + GABA(2.0 g/L)0.5 pl.Bic(1.5
g/1)0.5 pl + GABA(2.0 g/L)0.5 pl \Bic(2.0
g/1)0.5 pl + GABA(2.0 g/L)0.5 pl;@ Bac +

GABA  :Bac(2.0 g/L)0.5 wl+ GABA(2.0 g/
L)0.5 ul.
1.3.4
ND-82B
o 30 s
- (1) (wake W):
; (2) (slow wave sleep
SWS) :
d 50%

(SWS)) 50% (SWS,);
(3) (paradoxical sleep PS):

. (total sleep time TST)  SWS

PS o 24 h -

09:00

4 ~ 6 h.

1

Fig.1 A representative coronal photograph of
brain section showing bilateral microinjection
sites in the CA1 region of hippocampus

CAl

The arrows show the microinjection sites.
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t=2.557 P <0.05); Bic (1.0
) (t=3.251 P <
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1 GABA .Bic.Bac - (Mean = SD n = 10)

Table 1 Effects of microinjection of GABA Bic Bac into hippocampus on sleep-wake cycle of rats

D Wake Slow wave Paradoxical Total sleep
ose group (min) sleep (min) sleep (min) time (min)
(nh) 1. 00 103.8 +19.4 132.2 +18.3 5.1+£3.8 137.3 £19. 1
Normal saline ' T A T T
0.50 98.2 £23.6 139.2 £21.9 2.8+2.9 141.8 £23.6
o e) 55 120.7 £13. 3* 115.4 £13.9° 4.0£3.7 119.4 £13.3°
y-amino-butyric acid
1. 00 124.6 +19.2* 111.0 +13.9" 4.5+6.9 115.4 +19.2*
0.50 97.9 £10.4 134.5 +18.4 11.6 £11.0 146.1 +18.5
‘ e s 97.2 +15.5 135.7 +13.7 7.4 5.5 143.1 £15.7
Bicuculline
1.00 74.5 £20. 8" 156.0 +18. 3" 9.5+7.7 165.5 +20. 8"
0.50 98.3 £23.5 134.5 £19.9 7.3+£8.2 141.8 +23.5
e .75 105.7 +18.2 125.2 +16.6 9.2£8.5 134.3 £18.2
Baclofen
1. 00 99.5 £20. 8 132.8 £24. 1 7.8+6.9 140.6 +20. 8
a:P <0.05 b: P<0.01. Compared with NS group a: P <0.05 b:P <0.0l.
CA1 NS  Bic 30 min 3.066 P<0.01)
GABA, NS + GABA (t1=2.916 P<0.01 t=3.079 P<0.01)(
Bic(0.75 pg) + GABA(L 0 pg) 2). CAl NS
(1=2.318 P <0.05) Bac 30 min GABA Bac(1.0
(1t = 2.574 P<0.05 1= pg)+ GABA(L O pg) -
2.319 P <0.05) ( 2). Bic(1.0 pg) +  NS+GABA C 3).
GABA(L.0 pg) (i =
2 Bic GABA - (Mean = SD n=10)

Table 2 Effects of co-microinjection of Bic and GABA into hippocampus on sleep-wake cycle of rats

D Wake Slow wave Paradoxical Total sleep
se o
ose group (min) sleep (min) sleep(min) time (min)
1 - .
,(”)” , <(‘”’,) 0.50 +1.00 124.3 +22.3 110.9 £19. 1 4.8 +5.7 115.7 £22.3
Normal saline + y-amino-butyric acid
0.50 +1.00 109.1 +£14.8 127.0 £16. 1 3.7+4.0 130.7 £14.9
, (pe) +ye ) s 100 101322200 130.9 %15, 5° 7.8 10.7 138.6 +22. 0"
Bicuculline + y-amino-butyric acid
1.00 +1.00  96.9 =17.3" 135.7 £19.0" 7.4 £6.5 143.1+17.3"

W: wake; SWS: slow wave sleep; PS: paradoxical sleep; TST: total sleep time.

+y- a: P<0.05 b:P <0.01. Compared with NS + GABA group a:P <0.05 b:P <0.01.
2.3 CAl GABA . Bic (1.0 pg) SWS, 63.5% (1t =
Bic GABA 3.367 P <0.01); Bic (1.0 pg)
NS CA1 SWS, 79.6% (¢ = 2.600 P <
GABA(0.75 pg)  SWS, 0.05) . GABA. Bic SWS,

53.3% (t =2.451 P <0.05) GABA NS « 2),
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Table 3 Effects of co-microinjection of Bac and GABA into hippocampus on sleep-wake cycle of rats

D Wake Slow wave Paradoxical Total sleep
ose group (min) sleep(min) sleep(min) time (min)
D +vy- g
,(”) v <(‘“’,) 0.5+1.0 116.0+19.9 119.6 +17.3 4.5£5.9 124.0 £19.9
Normal saline + y-amino-butyric acid
+oy—
oWy ) 07851107 129.6 +11.9 2.5+2.4 1321 +11.8
Baclofen + y-amino-butyric acid
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140 ¢ _—I—_ 140 1 O SWS,
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Fig 2 Effects of microinjection of GABA Bic into

hippocampus on SWS, and SWS, of rats
1: 1.0 ul; 2:y- 0.75 pgs 3:y-
1.0 pg; 4: 1.0 pgo a: P<
0.05 bz P <0.01.
1:NS 1.0 pl; 2:GABA 0.75 pg; 3:GABA 1.0 pg; 4:Bic
1.0 pg. Compared with NS group a:P <0.05 b:P <0.01.

NS + GABA CAl
Bic(0.75 pg) GABA(1.0 pg)

SWS, 113.4% (t =2.354 P <
0.05); Bic (1.0 wg)  GABA
(1.0 pe) SWS, 83.5% (1t =
2.363 P <0.05). Bic GABA

SWS, NS + GABA
« 3)-

(Mean £SD n = 10)
Fig.3 Effects of co-microinjection of Bic
and GABA into hippocampus on SWS,
and SWS, of rats

1: (0.5 pl) +y- (1.0 pg); 2:

(0.75 pg) +vy- (1.0 pg); 3: (1.0 pg) +vy-
(1.0 pg)- + y- a: P <

0.05.

1: NS (0.5 pl) + GABA (1.0 pg); 2: Bic (0.75 pg) + GABA
(1.0 wg); 3: Bic (1.0 wg) + GABA (1.0 pg). Compared with NS
+ GABA group a: P <0.05.
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