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Stress—induced changes of central GABAergic function in rats
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ABSTRACT The cffects of acute and repeated
immobilization stress on central GABAergic function
were examined in rats by evaluating the changes of the
cardiovascular responses to intracerebroventricular
injection of GABA. The depressor and bradycardia
responses of GABA were attenuated significantly by
immobwilization stress for 6 h {from —5.51 0.7 kPa and
—751+ 25 bpm to =211 0.9 kPa and 271 16 bpm
respectively, for GABA 200 ug). These cifects of
stress were neither mimicked by administration of
hydrocortisone, nor abeolished by pretreatment with
adrenalectomy or diazepam. hut they were attenuat-
ed significantly by pretreatment with isoniazid. Thesc
results indicated that immobilization stress for long
duration causes subsensitivity of central GABA
receptors, in which the down—regulation mechanism
may be involved,
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The neurochemistry of stress has been
studied for over two decades. Recently, a
lot of attention was paid to GABA, the
prevalent inhibitory neurotransmitter in
brain. Howewer, apparently conflicting re-
sults of both increase and decrease in brain
GABA level"? as well as binding characteris-
tics of GABA / benzodiazepine receptor com-
plex®* have been reported. Since most of
these results were derived from in vitre assay of
synaptoneurosomes of cerebral cortex,
hippocampus, and striatum. and methods in
vitro and in vivo can yield substantially differ-
ent results’®, the functional consequences of
GABAergic activily related to in vive experi-
ments seem worthwhile to be investigated. In
order to identify stress—induced changes of

central GABA receptors, we utilized in vivo
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technigue evalualing the cardiovascular
1esponses 10 intracerebroventricular (ICV) in-
jection of GABA, which might minimize
artifacts associated with #n vitre method.
Meanwhile. the mechanism tesponsible for
these changes were also explored.

MATERIALS AND METHODS

Male Sprague—Dawley rats, weighing
264 + SD 23 g, were housed under 12 h
light—dark cycle with free access to food and
water, For immobilization stress, the rat
was placed inside a narrow, cylindrical acrylic
tube, which was perforated for normal
breathing and in which only the movements
were restricted.  This immobilization stress
lasted for 1h, 6hor1h dailyfor 6d. After
stress treatment, the rat was immediately
anesthetized with urethane (1.1 g+ kg™', ip),
and the femoral artery was canaulated with PE
50 tubing. Then, the rat was mounted in a
stercotaxic instrument. The coordinates for
lateral cerebroventricles were AP —0.8, L
1.6, H —2.8 with respect to Bregma. All sur-
gical procedures were completed within 25
min. After a period of stabilization, icy
GABA was given about 50 min after the cessa-
tion of immobilization stress. At the end of
the experiment, toluidine blue solution was
similarly injected for verification of the injec-
tion site. The above injection was routinely
performed at 6:00~9:00 PM to avoid possible
circadian variation of GABA receptors. Some
rats were adrenalectomized 3 d before injection
of GABA.

Injection apparatus consisted of a guide
cannula and an injection cannula. Each injec-
tion comprised of 5 ul drug solution con-
taining 100 or 200 ug GABA, or the same
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volume of vechicle, which was infused over 2
min. GABA (Shanghai 3rd Pharmaceutical
Factory) was dissolved in artificial cerebro—
spinal luid®, Pretrcatment drugs used are as
follows: glucocorticoids including two differ-
ent doses, physiologically relevant dose of
hydrocortisone (20 mg * kg, ip, three times
in 6§ h) and pharmacologically relevant dose of
dexamecthasone (10 mg + kg ', ip); diazepam (8
mg = kg, ip) or isoniazid (100 mg « kg™, ip,
twice in § h) which were injected along with
stress,

Statistical tests employed were £ test and F
st

RESULTS
Effects of stress on cardiovascular
responses to GABA icv  Systolic, diastolic

and mecan arterial pressure and heart rate
consistently fell after GABA icv, and the
responses were dose—dependent {Tab 1). Sim-
ilar injection of vechicle was ineffective. The

depressor and bradycardia responses of
GABA were significantly attenuated by
immobilization stress for 6 h, whereas

repeated stress of 1 h daily for 6 d was less
potent, and acute stress for 1 h had little
effects (Fig 1, Tab 1).

Effeets of glucocorticoids level on cardio—
vascular responses to GABA icy Hydro—
cortisone (20 mg « kgﬁl, ip, three times in 6
h) failed to attenuate the responses of GABA.
On the contrary, adrenalectomy or admini-
stration of dexamethasone (10 mg « kg!, ip)
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Flg 1. Imflwences of immobillzation stress on the
depressor response (A} and bradycardia (B) to GABA
fcy (200 g} in rate. (O} unrestrained; (@) 1h
strems; (<) & hotress; (1) 1 h atress dally for 6
d »=6-8, x t SD, "P>0.05 ""P<0.08,
***p <0.01 vs worestrained rats. The values at 0 min
are basellnes before icv GABA.,

attenuated them significantly (Tab 2).

Influences of pretreatment with diazepam,
isoniazid, and adrenalectomy on stress—induced
attenuation of cavdiovescular responses to
GABA icy  Effects of stress were not abol-
ished by pretreatment with diazepam (8 mg »
kg !, ip) or adrenalectomy, they were attenu—
ated significantly by pretreatment with
isoniazid (100 mg« kg ', 1p., twice in 6 h)
{Tab 3).

Tab 1. Sitress—induced maximal cbanges of cardiovascular respomses ta GABA icr jw rats. n=6-8. x * §D.

*P>0.08 '"P<0,05 “""P<0.01 vsunresiralned rats.
GABA Unrestrained Stressed rats
ug rats 1h 6h lhxad
Depressor 100 -3.1+08 -35+11"° -1.2t05"" -22+05"
kPa 200 —-5.510.7 -55+09" —23+09"" -42+08""
Bradycardia 100 —29+£ 19 -25+ 16 -9+4" —17+9°
bpm 200 —T1+25 -5+ 26° —27+16™"" —44 1+ 18"
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Tah 2. Effects of glucocorticoids and adremalectomy on cardlovascular responses to GABA jev (200 pg) Im rats.

n=6-8 i+SD. "P>0.05 ""P<0.05 " "P<0.01vsunreatrained rats. *P>0.05. *P<005, *P<0.01 v
6 h stress rats.
Basclines ‘ Maximal changes
MAP, HE., Depressor, Bradycardia,
kPa bpm kPa bpm

Unrestrained 13.1+0.8% 403 +23% -5.5+07" =71t 25
6 h stress 144+ 1.7 413+ 39" -23+09""" -27+ 16"
Hydrocortisone 13.2+08"" 354+ 18°* -5.11t048" —541 24%*
Dexamethasone 13.7t1.0"* 44+ 17 -25+06 """ —44+ 15"
Adrcnalectomy 128+1.6" 385+37% 22110 -30t10*"**

Tab 3. TInfluences of pretreatment with diazepam. isoniazid, and adrenslectomy on stress—induced decreases of
cardiovascular responses to GABA jcv (200 ug) Im rats. After pretreatment. the rats were lmmobllized for 6 k.
n=6—8, xtSD. "P>0.05 ""P<d.05 """P<0d1 vsaaline group.

Basclines Maximal changes
Pretreatment MAP, HR, Depressor, Bradycardia,
kPa bpm kPa bpm

Saline 139£1.5 4081+ 35 -2210% —251 17
Diazepam 13.310.4"° 3ITe+ 22" -18108" ~-26+15"
Tsoniazid 135+£1.2° 183+ 347 -3.8209"" —45+ 12
Adrenalectomy 14x12° 362<31° -1.710.5" 216"
DISCUSSION “ physiological®™ condition. Qur results de-

Our data suggested that the rats rived from in vivo technigue are consistent with

the viewpoint of subsensitivity of GABA
receptor after stress.

The role of glucocorticoid in stress—
induced changes of GABAergic function has

continuously exposed to immobilization stress
develop a subsensitivity of central GABA
receptors related to cardiovascular regula—

uon, whereas acute and repecated stress of . . o
short duration were less potent. Im Fact, been assessed by increasing and decreasing its
allthough not statistically different. a slight lcvel'. The results indicated that gluco—
enhancement of the responses of GABA by 1h corticoid _d"‘! not play a key ‘role. In factl,
stress was observed in a dose of 100 ug. glucocorticoids  and  their  metabolites

potentiate rather than inhibit GABA binding
and GABA receptor—mediated CI~ flux‘!'?,
Pretreatment with diazepam failed to abolish

In previous studies, both hypersensi—
tivity™  and subsensitivity™!'®? of GABA
receptor complex following various stresses

were reported.  Failure to find consistent ef-
fects of stress on GABAergic function may be
due to the variability of the type and the dura-
tion of stress.  the time delay between the ces-
sation of siress and measuring, and the eval-
uating methods. In vive method may be more
suitable since animals are under a more

the effects of immobilization stress as observed
in ours. which was inconsistent with the re-
sults derived from footshock stress™*'?,
Immobilization stress could cause an
increas¢ of GABA concentration in brain'’,
hence. modulating GABA receptor by down—

regulation mechanism. The result of
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pretreatment with isoniazid for inhibiting the
synthesis of GABA supported this possibility.
Other mechanism responsible for our results
remained to be explored.
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